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Purpose: Coronavirus disease 2019 (COVID-19) impacted outcomes of persons with chronic respiratory diseases such as chronic 
obstructive pulmonary disease (COPD). This study investigated the differences in respiratory interventions, hospital utilization, 
smoking status, and 30-day readmission in those with COPD and COVID-19 based on hospital survival status.
Methods: A retrospective cross-sectional study was conducted from February 2020 to October 2020 and included persons with COPD and 
COVID-19 infection. We examined respiratory interventions, hospital utilization and outcomes, and 30-day hospital readmission. Chi-square 
test analysis was used to assess categorical variables, and t-test or Mann–Whitney was used to analyze continuous data based on normality.
Results: Ninety persons were included in the study, 78 (87%) were survivors. The most common comorbidity was hypertension 71 
(78.9%) (p = 0.003). Twenty-two (24%) persons were intubated, from whom 12 (15%) survived (p < 0.001). There were 25 (32.1%) 
and 12 (100%), (p < 0.001) persons who required an ICU admission from the survivor and non-survivor groups, respectively. Among 
the survivor group, fifteen (19%) persons required 30-day hospital readmission.
Conclusion: Persons with COPD and COVID-19 had a lower mortality rate (13%) compared to other studies in the early pandemic 
phase. Non-survivors had increased ICU utilization, endotracheal intubation, and more frequent application of volume control mode. 
Discharging survivors to long-term acute care facilities may reduce 30-day hospital readmissions.
Keywords: chronic obstructive pulmonary disease, COVID-19, COPD, respiratory interventions, hospital utilization, hospital 
readmission, comorbidities

Introduction
Coronavirus disease 2019 (COVID-19) is a respiratory infectious disease caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Over 750 million persons have been infected with SARS-CoV-2 globally, of which more than 
six million died.1 Certain persons infected with COVID-19 had underlying respiratory diseases such as chronic obstructive 
pulmonary disease (COPD). COPD is a chronic inflammatory lung disease which causes defects in the airways and/or alveoli 
resulting in obstructed air flow and exhibits long-lasting respiratory symptoms.2 In 2015, the World Health Organization 
(WHO) estimated 65 million people were diagnosed with moderate-to-severe COPD and expected COPD to become the third 
leading cause of death worldwide by 2030.3 According to the Centers for Disease Control and Prevention (CDC), COPD is the 
foremost cause of death from lung disease, the sixth leading overall cause of death, and the third leading cause of hospital 
readmissions in the US.4 Although COPD primarily affects the lungs, significant systemic comorbidities may develop that 
worsen its severity.5 Persons who develop COPD exacerbations may require high needs for medical treatment and respiratory 
support leading to hospitalizations.6 There is no evidence demonstrating that having COPD creates a higher chance of 
contracting COVID-19, however evidence suggests that COPD could be associated with worse clinical outcomes in those with 
confounding COVID-19 pneumonia.7 Other risk factors for severe COVID-19 that are common in persons with COPD 
include older age, cardiovascular diseases, hypertension, and diabetes.8
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Several studies explored how a COPD diagnosis affected COVID-19 outcomes. According to a meta-analysis, 
persons with COPD had a higher risk of low blood oxygen saturation if diagnosed with COVID-19.7 Moreover, those 
diagnosed with COPD and COVID-19 required advanced respiratory support compared with those without COPD. 
Examples of advanced respiratory support include high flow nasal cannula (HFNC), non-invasive positive pressure 
ventilation (NIPPV), and mechanical ventilation.6

Requiring advanced respiratory support because of acute respiratory failure often leads to an ICU admission and longer overall 
hospital length of stay.9 Those who recover from critical infections such as COVID-19 may also be at higher risk for additional 
hospital admissions. The severity of co-morbidities combined with (associated with) COVID-19 may also increase the risk of 
hospital readmission in the COPD population.10 In an Italian study, COPD was reported as a comorbidity in 16.4% of people who 
died and were infected with COVID-19.11 Although not specifically related to the COPD population, studies have reported 
hospital readmission data for persons infected with COVID-19. One study reported a 4.5% 30-day hospital readmission rate, 
while another study found a 19.9% 60-day readmission rate with 20% of the study sample dying during their readmission.12,13 

Focusing on one-month and 6-month readmission, a recent study found 7.6% and 24% readmission rates, respectively.14

Along with COPD, smoking increases the severity of COVID-19.10,15 Two studies suggest that current smokers have impaired 
lung function making it more difficult to combat a COVID-19 infection.6,16 In a systematic review, persons with COVID-19 who 
had a 30-pack-year smoking history also had a 2.25 higher odds of requiring hospitalization.6 On the contrary, another study found 
that active smoking was not associated with severity of COPD. The increased risk for hospitalization could be related to higher 
comorbidity burden in the COPD population which may be further exacerbated by smoking. Moreover, current smokers and 
hospitalized patients who had COPD and COVID-19 were found to have a higher risk of severe respiratory symptoms (63%) and 
mortality (60%) compared to non-smokers.6 COPD was found to be an independent risk factor for death for those between 40 and 
79 years of age who were hospitalized with COVID-19.17 Additionally, compared with those who have never smoked, the chances 
of dying in those who smoked more than 30-pack-years were 1.89 times higher after being infected with COVID-19.16

Pre-existing COPD worsens the prognosis from COVID-19. However, little is known about how COVID-19 impacts 
respiratory interventions and hospital utilization in persons with COPD. As a result, we aimed to investigate the 
differences in respiratory interventions, hospital utilization, smoking status, and 30-day readmission in persons with 
COPD and COVID-19 based on hospital survival status.

Methods
A retrospective observational cross-sectional study was conducted from February 1, 2020, to October 21, 2020, at a large 
Midwestern academic medical center in the US. Institutional review board approved the study protocol. Informed consent of 
persons to review their medical records was not required by the IRB as the study was classified as secondary research where no 
contact between investigators and study participants was allowed. The study is considered to be exempt from the Common 
Rule per section §46.104 of the Code of Federal Regulations. This study was conducted in accordance with the tenets of the 
Declaration of Helsinki. Participants’ data confidentiality was maintained throughout all study phases. Inclusion criteria were 
persons age >18 years old; COPD, emphysema, or chronic bronchitis diagnosis based on ICD-10 codes; and COVID-19 
pneumonia. Primary study outcomes included identifying the types and frequency of respiratory interventions, hospital 
utilization, and outcomes in persons diagnosed with COPD and COVID-19 based on their hospital survival status. 
A secondary outcome included persons’ 30-day hospital readmission status.

Data collected from the electronic medical record system included demographic variables, respiratory interventions used, 
hospital utilization, therapies at discharge, mortality rates, and hospital readmission status. Variables included pre-admission 
pulmonary function tests (PFTs), age, comorbidities (hypertension, diabetes, obesity), gender, smoking status, and hospital 
readmission status. Respiratory interventions included pre-admission oxygen device (oxygen device interface and liter flow of 
oxygen) and the number of days persons required the following therapies: prone and self-prone sessions, short-acting beta agonist 
(SABA), and long-acting muscarinic antagonist (LAMA). Data on pre-intubation therapies included use of nasal cannula, high 
flow nasal cannula (HFNC), NIPPV, and high flow, high humidity oxygen therapy (HFHHOT). Assisted ventilation data included 
intubation, hours of mechanical ventilation, and ventilator mode(s) within the first 24 hours. Measures for hospital utilization were 
ICU length of stay and total hospital length of stay. Therapies needed at discharge were recorded for mechanical ventilation and 
oxygen therapy. Descriptive statistics were reported for all variables. Chi-square test compared hospital survival status for 
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categorical variables, and t-test or Mann–Whitney analyzed continuous data based on normality. A p value threshold of 0.05 was 
used to determine statistical significance and data analysis was performed using SPSS 26.0 (SPSS Inc, Chicago, IL, USA)

Results
A total of 90 persons with COVID-19 and COPD diagnosis were included in the study, of which 17 (19%) persons had 
COPD confirmed by spirometry (see Table 1). There were 33 men and 57 women included, with an overall mean age of 
70 years. Hypertension was the most common comorbidity. A total of 78 (87%) persons survived at hospital discharge. 
Smoking status did not differ between survivors and non-survivors.

Overall, intubation was performed in 22 (24%) persons and non-survivor group had higher intubation rate when compared 
to the survivor group (83.3% vs 15.4%; p < 0.001). The non-survivor group had a higher use of the volume control mechanical 
ventilation mode when compared to the survivor group [4 (33.3%) vs 2 (2.6%), p = 0.002]. Other respiratory support did not 
affect survival status: 15 (17%) required pre-intubation HFNC 11 (12%) required manual prone therapy with a median of 
2 prone sessions, while 8 (9%) underwent self-prone therapy (see Table 2). The non-survivor group had higher ICU admission 
rate when compared to the survivors (100% vs 32.1%; p < 0.001). Length of mechanical ventilation, ICU stay, or hospital stay 
did not significantly differ between the two study groups. Among the survivors, 15 (19.2%) persons had a 30-day hospital 
readmission during the study period. However, there were no significant differences in the use of respiratory interventions, 
hospital utilization, and patient outcomes among those who were readmitted compared to those without 30-day readmission 
(see Table 3).

Table 1 Descriptive Statistics and Outcomes of Survivors versus Non-Survivors

Overall  
(n = 90)

Survivors  
(n = 78)

Non-Survivors  
(n = 12)

P-value

Age, mean (SD) 69.92 (9.08) 69.80 (9.14) 70.69 (8.83) 0.753
Male, n (%) 33 (36.7) 28 (35.9) 5 (41.7) 0.753

Comorbidities, n (%)

Hypertension 71 (78.9) 66 (84.6) 5 (41.7) 0.003
Diabetes Mellitus 28 (31.1) 26 (33.3) 2 (16.7) 0.328

Obesity (BMI >30) 43 (47.8) 39 (50) 4 (33.3) 0.282
Others 62 (68.9) 54 (69.2) 8 (66.7) 1.0

None 1 (1.1) 1 (1.3) 0 1.0

Smoking status, n (%) 0.583
Never 23 (25.6) 19 (24.4) 4 (33.3)

Current 10 (11.1) 8 (10.3) 2 (16.7)

Former 55 (61.1) 49 (62.8) 6 (50)
Missing 2 (2.2) 2 (2.6) 0

Pre admit spirometry available, n (%)

Yes 41 (45.6) 36 (46.2) 5 (41.7) 1.0
Pre admit FEV1/FVC (%), median (IQR) 72 (63–77.5) 72 (59.76–77.75) 75.80 (65.5–80) 0.425

COPD confirmation per spirometry, n (%)

Yes 17 (18.9) 16 (20.5) 1 (8.3) 0.45
Home oxygen usage prior to admission, n (%)

Yes 19 (21.1) 18 (23.1) 1 (8.3) 0.448

Home secretion clearance prior to admission, n (%)
Yes 1 (1.1) 1 (1.3) 0

Hospital LOS, days, median (IQR) 5.67 (2.25–17.11) 5.15 (2.07–17.11) 10.94 (6.59–17.27) 0.068

ICU admission during hospitalization, n (%)
Yes 37 (41.1) 25 (32.1) 12 (100) <0.001

ICU LOS, days, median (IQR) 5.64 (1.10–19.44) 4.21 (0.98–21.5) 8.31 (1.82–15.72) 0.922

Abbreviations: SD, standard deviation; n, number of persons; BMI, body mass index; FEV1, forced expiratory volume in the first second; FVC, forced 
vital capacity; IQR, interquartile range; COPD, chronic pulmonary obstructive disease; LOS, length of stay; ICU, intensive care unit.
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Table 2 Study Outcomes and Survival Status

Overall (n = 90) Survivors (n = 78) Non-Survivors (n = 12) P-value

Non-invasive ventilation used, n (%)
Yes 19 (21.1) 17 (21.8) 2 (16.7) 1.0

Intubation needed, n (%)

Yes 22 (24.4) 12 (15.4) 10 (83.3) < 0.001
Pre-intubation high flow nasal cannula used, n (%)

Yes 15 (16.7) 8 (10.3) 7 (58.3) 1.0

Length of mechanical ventilation (hrs), median (IQR) 238.48 (47.59–302.13) 265.27 (146.89–474.23) 129.52 (41.09–264.29) 0.129
Ventilator mode within first 24 hrs, n (%)

Volume Control 6 (6.7) 2 (2.6) 4 (33.3) 0.002
Pressure Control 6 (6.7) 4 (5.1) 2 (16.7) 0.181

Pressure Regulated Volume Control 13 (14.4) 10 (12.8) 3 (25) 0.370

Proning used during mechanical ventilation, n (%)
Yes 11 (12.2) 8 (10.3) 3 (25) 0.087

Number of prone sessions, median (IQR) 2 (1–6) 1.5 (1–5.25) 6 (2–6) 0.133

Self proning used before intubation, n (%)
Yes 8 (8.9) 7 (9) 1 (8.3) 1.0

SABA ordered, n (%)

Yes 54 (60) 47 (60.3) 7 (58.3) 1.0
SABA administered, n (%)

Yes 46 (51.1) 41 (52.6) 5 (41.7) 0.482

LAMA ordered, n (%)
Yes 20 (22.2) 18 (23.1) 2 (16.7) 1.0

LAMA administered, n (%)

Yes 18 (20) 16 (20.5) 2 (16.7) 1.0
Discharged on ventilator, n (%)

Yes 3 (3.3) 3 (3.8) n/a

Discharged on oxygen, n (%)
Yes 22 (24.4) 22 (28.2) n/a

LTAC discharge, n (%)

Yes 22 (24.4) 22 (28.2) n/a

Abbreviations: n, number of persons; hrs, hours; IQR, interquartile range; SABA, short acting beta agonist; LAMA, long acting muscarinic antagonist; LTAC, long term 
acute care.

Table 3 Study Outcomes Based on 30-Day Readmission Status Amongst Survivors

No Readmission  
(n = 63)

30-Day Readmission  
(n = 15)

P-value

Non-invasive ventilation used, n (%)
Yes 14 (22.2) 3 (20) 0.579

Intubation needed, n (%)

Yes 12 (19) 0 0.109
Length of mechanical ventilation (hrs), median (IQR) 265 (147–474) 0 0.069

ICU admission during stay

Yes 21 (33.3) 4 (26.7) 0.763
Discharged on ventilator, n (%)

Yes 3 (4.8) 0 1.00

Discharged on oxygen, n (%)
Yes 18 (28.6) 4 (26.7) 1.00

LTAC discharge, n (%)

Yes 21 (33.3) 1 (6.7) 0.054

Abbreviations: n, number of persons; IQR, interquartile range; ICU, intensive care unit; LTAC, long term acute care.
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Discussion
This retrospective observational study of persons hospitalized with COVID-19 and pre-existing COPD found an 87% 
survival rate. The 13% mortality rate was similar to an Italian study that was conducted around the early phase of the 
pandemic which reported a 16.4% mortality rate.14 Hypertension was the most common comorbidity among our study 
sample with higher rate among the survivor group. This differed from other studies that found comorbid disease is 
associated with worse outcomes in persons with COVID-19; specifically,hypertension,diabetes,and heart disease have 
shown to increase the risk of hospitalization and death.14,18

All non-survivors required an ICU admission and the persons who were admitted to the ICU required higher levels of 
respiratory support. Similar studies reported ICU admission rates of 4% in Italy, 33% in Seattle, and 38% in Spain19, compared 
to our study’s ICU admission rate which was 41%.20,21 Moreover, 19% of the survivors in our study had a 30-day hospital 
readmission. This was consistent with the ranges for standalone COPD and COVID-19 related 30-day readmission rates. 
There is no literature examining 30-day hospital readmission status of persons with COPD and COVID-19. However, 
a systematic review and meta-analysis of nearly four million persons with COPD and without COVID-19 infection found 
a 30-day all-cause hospital readmission rate range of 9% to 26%.22 In the early phase of the COVID pandemic, Yeo et al 
reported a lower 30-day hospital readmission rate of 4.5% for persons with COVID-19 and 20% of their study sample died 
during their readmission.11 A systematic review included 13 studies with persons with COVID-19 found a 30-day hospital 
readmission range of 4.2% to 19.9%.23 COPD diagnosis and other comorbidity burden specifically hypertension, obesity, and 
smoking history are risk factors for hospital readmission. Several studies have reported unfavorable outcomes including 
readmission in persons with COPD who have comorbid diseases.24–26 To our knowledge, our study is the first to report 30-day 
hospital readmission data related to persons with COVID-19 and COPD.

Among survivors, higher intubation rate (19% vs 0%) and ICU admission (33.3% vs 26.7%) was noted in those who 
did not have 30-day readmission. One factor which may have affected these outcomes is that approximately 33% of those 
who did not have a 30-day readmission were discharged to a long-term acute care hospital which may have prevented 
this group from getting readmitted to the hospital. It is also understood that invasive mechanical ventilation has been 
associated with higher mortality in persons with COVID-19.27,28 It could also be that the persons in our study may have 
received rapid and earlier higher level of hospital care which led to preventing further clinical deterioration and a more 
favorable overall health outcome.

Prior home oxygen use was evident in the survivor group, and there is strong literature support demonstrating survival 
benefits in persons with COPD who utilized long-term oxygen therapy.29 The administration of short- and long-acting 
bronchodilator therapy during the hospital stay of the survivor and non-survivor groups did not have a significant impact 
on mortality rate and hospital respiratory utilization. This study’s findings were from the early phase of the pandemic in 
the US when there were variations in practices related to utilizing of high-level respiratory support such as invasive 
mechanical ventilation, NIPPV, and HFNC.14,28

Our study’s limitations include using retrospective data from a single academic center in the Midwestern US and 
a small sample size. A relatively small sample could have been due to pandemic-related infection control safety 
measures, such as social distancing and minimal crowd mixing as some persons with COPD had less exacerbations 
due to reduction of respiratory viral infections, avoided contracting COVID-19, or they were not diagnosed. Alqahtani 
et al (2021) reported a 50% reduction in admissions for COPD exacerbation during the pandemic period versus pre- 
pandemic.30 Another limitation is that only 19% of the study sample had a spirometry confirmed COPD diagnosis and 
the rest of the sample inclusion was based on physician ICD-10 diagnosis that is based on imaging results or other 
clinical factors. It is established that COPD may be inaccurately diagnosed in up to a third of hospitalized patients.31 

Finally, it is possible that there was a confounding association of other risk factors for severe COVID-19 that are 
common in persons with COPD, such as older age, cardiovascular diseases, obesity, and diabetes that lead to increased 
hospital resource utilization, lower survival, and higher hospital readmission rates.8 Moreover, other vital social 
determinants of health such socioeconomic status and healthcare access were not considered in the study.
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Conclusion
This study demonstrated that persons with COPD who were hospitalized with COVID-19 had a lower mortality rate 
compared to other studies conducted in the early phase of the pandemic. Non-survivors had increased ICU utilization and 
endotracheal intubation compared to survivors, therefore, allocating rapid and earlier hospital care could prevent clinical 
deterioration and the need for higher levels of care and perhaps. Moreover, non-survivors had more frequent application 
of volume control mode. Discharging survivors to LTACs may reduce 30-day readmissions. Further research into the 
effects of specific respiratory interventions and hospital utilization measures on improving the outcomes of persons with 
COPD in the setting of viral infections is warranted, especially in different demographic areas while enrolling larger 
samples with diverse COPD phenotypes.

Abbreviations
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COPD, chronic 
obstructive pulmonary disease; WHO, World Health Organization; CDC, Centers for Disease Control and Prevention; 
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long-acting muscarinic antagonist; HFNC, high flow nasal cannula; NIPPV, non-invasive positive pressure ventilation; 
ICU, Intensive care unit.
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