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Background: It is unclear whether persistent inhaled steroid exposure in chronic obstructive pulmonary disease (COPD) 
patients before coronavirus disease 2019 (COVID-19) is associated with hospitalization risk. 

Objective: Our objective was to examine the association between persistent steroid exposure and COVID-19–related 
hospitalization risk in COPD patients.

Study Design and Methods: This retrospective cohort study used electronic health records from the Kaiser Permanente 
Northern California health care system (February 2, 2020, to September 30, 2020) for patients aged ≥40 years with COPD 
and a positive polymerase chain reaction test result for COVID-19. Primary exposure was persistent oral and/or inhaled 
steroid exposure defined as ≥6 months of prescriptions filled in the year before the COVID-19 diagnosis. Multivariable 
logistic regression was performed for the primary outcome of COVID-19–related hospitalization or death/hospice referral. 
Steroid exposure in the month before a COVID-19 diagnosis was a covariate.

Results: Of >4.3 million adults, 697 had COVID-19 and COPD, of whom 270 (38.7%) had COVID-19–related hospitalizations. 
Overall, 538 (77.2%) were neither exposed to steroids in the month before COVID-19 diagnosis nor persistently exposed; 
53 (7.6%) were exposed in the month before but not persistently; 23 (3.3%) were exposed persistently but not in the month 
before; and 83 (11.9%) were exposed both persistently and in the month before. Adjusting for all confounders including 
steroid use in the month before, the odds ratio for hospitalization was 0.77 (95% confidence interval 0.41–1.46) for patients 
persistently exposed to steroids before a COVID-19 diagnosis. 

Interpretation: No association was observed between persistent steroid exposure and the risk of COVID-19–related 
hospitalization in COPD patients.
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A risk-benefit ratio exists with regard to steroid exposure 
in chronic obstructive pulmonary disease (COPD) patients. 
The Global initiative for chronic Obstructive Lung Disease 
(GOLD) recommends an inhaled corticosteroid (ICS) for 
patients with moderate to severe COPD who have a history 
of frequent COPD exacerbations.1-2 While studies show 
that ICSs can reduce COPD exacerbations in this population, 
there is also an increased risk of pneumonia from viral 
infections,3-12 which are known to cause as many as 60% 
of COPD exacerbations.13,14

The risk-benefit ratio of using steroids in COPD likely 
depends on several factors: the patient population, underlying 
pathophysiology, and timing of exposure to viruses. A 
retrospective study from the United Kingdom, OpenSAFELY, 
found a significantly higher risk of death from coronavirus 
disease 2019 (COVID-19) if individuals were on ICS therapy 
in the 4 months before infection compared with patients on 
other maintenance inhalers.15 However, systemic steroids 
have been shown to improve survival in patients hospitalized 
with some viral infections, such as COVID-19,16 but not 
with other viral infections, such as influenza.17 Moreover, 
the recent Steroids in COVID-19 (STOIC) and Platform 
Randomized Trial of Intervention Against COVID-19 in 
Older People (PRINCIPLE) clinical trials conducted to 
explore the efficacy and safety of inhaled budesonide in 
patients with early onset, mild COVID-19 (STOIC) or those 
at higher risk of complications (PRINCIPLE) have reported 
that budesonide was associated with quicker recovery and 
reduced the likelihood of requiring urgent medical care or 
hospitalization.18,19 In COVID-19 pneumonia, a 10-day 
course of dexamethasone improved the 28-day survival in 
patients hospitalized with hypoxemia.16 Patients requiring 
higher levels of respiratory support benefit the most from 
this intervention,16 suggesting that severe disease may have 
an underlying pathophysiology that is more inflammatory in 
nature and, thus, is more steroid responsive. An alternative 
explanation is that patients who develop severe disease may 
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Study Design and Data Source

This retrospective cohort study used longitudinal electronic 
medical records and claims data from KPNC, an integrated 
health care delivery system serving >4.3 million members, 
representing approximately 30% of the insured adult 
population of Northern California.20 KPNC members have 
been shown to be demographically similar to the background 
population in Northern California.20

Cohort Formation and Data Extraction

We identified adults (aged ≥18 years) within the KPNC health 
care system with a positive polymerase chain reaction (PCR) 
test result for severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) by the first nasopharyngeal swab sample 
between February 2, 2020, and September 30, 2020. We 
narrowed down the cohort to patients aged ≥40 years, which 
has been used as the age criterion in prior studies in COPD 
patients.21 We required that patients had continuous KPNC 
membership for ≥1 year before the COVID-19 diagnosis, 
except for a <3-month gap in the membership or receipt 
of a health care service while not being a documented 
member. We further narrowed the sample to patients who 
had ≥2 encounters for COPD of any of the following types 
(outpatient, emergency department, or inpatient) using 
a 3-year lookback period before the COVID-19 diagnosis 
and the following International Classification of Diseases, 
10th Revision diagnosis codes: J40, J41.0, J41.1, J41.8, J42, 
J43.0, J43.1, J43.2, J43.8, J43.9, J44.0, J44.1, and J44.9. The 

Methods

be later in the disease course when the virus is no longer 
actively replicating in the lung epithelium.

We sought to determine whether persistent steroid 
exposure in the year before a COVID-19 diagnosis is 
associated with a higher risk of COVID-19–related 
hospitalizations or hospice referral/death in COPD patients. 
Given the importance of the timing of steroid exposure in 
this disease, we defined the exposure of interest as persistent 
use (>6 months) within 1 year before a COVID-19 
diagnosis. Understanding the risks associated with persistent 
steroid exposure before a COVID-19 diagnosis in the COPD 
population can help fill important clinical gaps such as: (1) 
whether to continue long-term ICS maintenance therapy in 
these patients during the pandemic, and (2) whether the 
risk-benefit ratio has tipped further against the use of ICS 
therapy in patients not meeting the GOLD criteria for ICS 
use.
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requirement of ≥2 encounters in the definition increases 
the specificity of identifying COPD patients.22 Because there 
is little turnover in the KPNC population (69% retention at 5 
years), we used a 3-year lookback period.

We extracted demographic and clinical variables, 
including the Elixhauser comorbidity index,23 neighborhood 
deprivation index,24,25 number of health care encounters 
in the year before the COVID-19 diagnosis, pre–COVID-19 
supplemental oxygen use, frequency of COPD exacerbations, 
pulmonary function tests, and last maintenance inhaler 
regimen before the COVID-19 diagnosis. The frequency 
of COPD exacerbations was defined using a previously 
published algorithm combining administrative diagnoses 
across care settings and prescription data.26,27 Frequent 
COPD exacerbators were defined as having ≥2 exacerbations 
per year, and infrequent COPD exacerbators were defined 
as having 0–1 exacerbation per year.

Exposure

The primary exposure was persistent oral and/or inhaled 
steroid exposure before the COVID-19 diagnosis. Patients 
who were on long-term oral or inhaled steroids (filled ≥6 
months of prescriptions) in the year before the COVID-19 
diagnosis were flagged as exposed. These fills did not have 
to be continuous or in close proximity to the COVID-19 
diagnosis but could be for any dose and be alone or in 
combination with other medications in an inhaler. As 
medication adherence has been shown to be low for many 
chronic diseases, including COPD, we chose 6 months as the 
period of persistent steroid exposure in this study, which 
is based on previous studies.28-30 A sensitivity analysis was 
conducted assessing ≥8 months of steroid exposure.

Outcomes

The primary outcome was COVID-19–related hospitalizations, 
which was defined using combinations of administrative 
codes recommended by the Centers for Disease Control and 
Prevention. The positive SARS-CoV-2 PCR test result had to 
be 3 weeks before admission or during the hospitalization. 
The secondary outcome was a composite of death or hospice 
referral within 30 days of a positive test result, which has 
been used in a previous study to capture as many outpatient 
and impending deaths as possible.31 We also assessed the 
rate of 30-day, nonelective, any-cause rehospitalizations 
in the subgroup of patients who were hospitalized and 
survived.

Statistical Analysis

Categorical variables are described as numbers with 
percentages and continuous variables as medians with 
interquartile ranges (IQRs). Logistic regression was 

performed, and unadjusted and adjusted odds ratios 
(ORs) with 95% confidence intervals (CIs) are reported. 
For adjusted models, the groups of confounders were 
sequentially added. Because the timing of steroid exposure 
in COVID-19 is likely important,16 we adjusted for patients 
who filled a prescription for oral or inhaled steroids in 
the 1 month prior to before their COVID-19 diagnosis 
and included it as a covariate. First, the unadjusted OR for 
persistent oral or inhaled steroid exposure was examined 
(baseline model). Second, oral or inhaled steroid exposure 
in the month before the COVID-19 diagnosis was added 
(Model 1). Third, sociodemographic variables were added 
(Model 2). Fourth, confounders such as the Elixhauser 
comorbidity index, individual comorbidities, body mass 
index, smoking history, previous history of pneumonia, and 
markers of illness severity such as a need for pre–COVID-19 
supplemental oxygen, history of frequent exacerbations, 
and fills for short-acting inhalers were added (Model 3). 
The Akaike Information Criterion (AIC) for each model and 
outcome were recorded to assess model fit.32

SAS (Version 9.4, Cary, North Carolina) was used for 
statistical analyses. Tests for significance were t2-tailed with 
p≤0.05.

From >4.3 million adults in the KPNC population, 36,137 
with a positive SARS-CoV-2 test result were identified during 
the study period, of whom 697 were aged ≥40 years and 
had COPD. Of these, 270 (38.7%) had a COVID-19–related 
hospitalization (Table 1).

The median age of COVID-19 and COPD patients 
was 69.0 years (IQR 59.0–78.0) (Table 1). COPD patients 
hospitalized for COVID-19 were significantly older than 
those not hospitalized (75.0 versus 66.0 years, p<0.0001) 
and had a higher comorbidity burden (Elixhauser index of 
10.0 versus 3.0, p<0.0001). Additionally, COPD patients 
hospitalized for COVID-19 had a higher neighborhood 
deprivation index, indicating lower socioeconomic status, 
than those not hospitalized (0.1 versus -0.1, p=0.01). 
The median number of baseline outpatient (9 versus 6, 
p<0.0001), emergency department (2 versus 1, p<0.0001), 
and inpatient (1 versus 0, p<0.0001) visits in the COVID-19 
and COPD cohort was higher in the hospitalized than in the 
not-hospitalized population.

The majority of patients with COVID-19 and COPD 
(n=496, 71.2%) had a history of dyspnea diagnosis during 
an encounter in the year before the COVID-19 diagnosis. 
COPD patients hospitalized for COVID-19 were more likely 
to have a history of dyspnea than those not hospitalized 
(86.3% versus 61.6%, p<0.0001). Additionally, 342 
patients (49%) had a history of pneumonia, and those with 
a history of pneumonia were more likely to be hospitalized 

Results
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Table 1. Demographic and Clinical Characteristics of Coronavirus Disease 2019 and COPD 
Patients According to Whether Patients Required Hospitalization

<0.0001
0.27

0.008

0.01
0.93

0.01

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.002
<0.0001

0.16
0.03

<0.0001
0.005

0.0004
0.36

0.0005
<0.0001

0.37
0.13
0.30
0.02
0.60

<0.0001
<0.01

0.72
0.03
0.21

<0.0001
<0.0001
<0.0001

0.04
<0.0001
<0.0001
<0.0001

0.62
0.32

Variable p-valueAll COPD Patients
(n=697)

Hospitalized Patients
(n=270)

Not Hospitalized Patients
(n=427)

66.0 (57.0–75.0)
182 (42.6)

126 (29.5)
186 (43.6)

29 (6.8)
45 (10.5)
41 (9.6)

-0.1 (-0.6, -0.7)
29.9 (25.8–34.4)

168 (39.3)
224 (52.5)

35 (8.2)

0.0 (0.0–0.0)
1.0 (0.0–2.0)

6.0 (3.0–13.0)
6.0 (3.0–13.0)
3.0 (0.0–10.0)

127 (29.7)
215 (50.4)
210 (49.2)
88 (20.6)
67 (15.7)
57 (13.3)
72 (16.9)
43 (10.1)
51 (11.9)
54 (12.6)
38 (8.9)
41 (9.6)

49 (11.5)
18 (4.2)
19 (4.4)
13 (3.0)
19 (4.4)
20 (4.7)
12 (2.8)
11 (2.6)
4 (0.9)
5 (1.2)
2 (0.5)
3 (0.7)

135 (31.6)
263 (61.6)

17 (4.0)
24 (5.6)
0 (0.0)

118 (43.7)
0.7 (0.6–0.7)

82.4 (71.3–92.4)

69.0 (59.0–78.0)
309 (44.3)

176 (25.3)
309 (44.3)

49 (7.0)
81 (11.6)
82 (11.8)

0.0 (-0.6, -0.7)
29.9 (25.5–34.9)

245 (35.2)
393 (56.4)

59 (8.5)

0.0 (0.0–1.0)
1.0 (0.0–3.0)

7.0 (3.0–14.0)
8.0 (4.0–16.0)
5.0 (0.0–14.0)

257 (36.9)
411 (59.0)
399 (57.2)
173 (24.8)
168 (24.1)
104 (14.9)
136 (19.5)
104 (14.9)
105 (15.1)
117 (16.8)

68 (9.8)
92 (13.2)

143 (20.5)
34 (4.9)
39 (5.6)
26 (3.7)
43 (6.2)
35 (5.0)
41 (5.9)
31 (4.4)
8 (1.1)

15 (2.2)
6 (0.9)
7 (1.0)

342 (49.1)
496 (71.2)

38 (5.5)
81 (11.6)

101 (14.5)
406 (58.2)

0.7 (0.6–0.7)
84.2 (72.4–93.6)

75.0 (67.0–82.0)
127 (47.0)

50 (18.5)
123 (45.6)

20 (7.4)
36 (13.3)
41 (15.2)

0.1 (-0.5, -0.8)
30.0 (25.0–36.1)

77 (28.5)
169 (62.6)

24 (8.9)

1.0 (0.0–2.0)
2.0 (1.0–4.0)

9.0 (4.0–17.0)
10.0 (5.0–20.0)
10.0 (3.0–17.0)

130 (48.1)
196 (72.6)
189 (70.0)
85 (31.5)

101 (37.4)
47 (17.4)
64 (23.7)
61 (22.6)
54 (20.0)
63 (23.3)
30 (11.1)
51 (18.9)
94 (34.8)
16 (5.9)
20 (7.4)
13 (4.8)
24 (8.9)
15 (5.6)

29 (10.7)
20 (7.4)
4 (1.5)

10 (3.7)
4 (1.5)
4 (1.5)

207 (76.7)
233 (86.3)

21 (7.8)
57 (21.1)

101 (37.4)
288 (67.4)

0.7 (0.6–0.8)
78.6 (68.2–91.4)

Age at Diagnosis, years
Sex, male
Race/Ethnicity

Hispanic
White
Asian
Other
African-American

Neighborhood Deprivation Indexa

Body Mass Index, kg/m2

Smoking
Never
Former
Current

Number of Health Care Encounters in the Year Before a COVID-19 Diagnosis
Inpatient
Emergency Department
Outpatient
Virtual Visit

Elixhauser Comorbidity Index 
Diabetes With and Without Complications
Hypertension
Peripheral Vascular Disease
Obesity
Renal Failure
Hypothyroidism
Psychosis 
Anemia
Depression
Neurodegenerative Disorders
Liver Disease
Fluid/Electrolyte Disorder
Congestive Heart Failure
Solid Tumor With or Without Metastases
Rheumatoid Arthritis/Collagen Vascular Disorder
Paralysis
Weight Loss
Alcohol or Drug Abuse
Valvular Disease
Coagulopathy
Lymphoma
Pulmonary Circulation Disorders
Peptic Ulcer Disease

History of Lung Cancer
History of Pneumonia
History of Dyspnea
History of Bronchiectasis
Need for Supplemental Oxygen Before COVID-19 Diagnosis
New Start on Supplemental Oxygen After COVID-19 Diagnosis
Frequent COPD Exacerbatorb

FEV1/FVC Ratio
FEV1 (% predicted)

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
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for COVID-19 than those without a history of pneumonia 
(76.7% versus 31.6%, p<0.0001).

Overall, 81 (11.6%) patients required supplemental 
oxygen before the COVID-19 diagnosis. All patients who 
newly required supplemental oxygen after the COVID-19 
diagnosis (14.5%) required hospitalization. Over half of the 
cohort (58.2%) was considered frequent COPD exacerbators 
in the baseline period. COPD patients hospitalized for 
COVID-19 were more likely to be frequent exacerbators than 
those not hospitalized (67.4% versus 43.7%, p<0.0001).

A total of 94 patients (13.5%) died and 116 (16.6%) 
died or had hospice referral. COPD patients hospitalized for 
COVID-19 were more likely to die than those not hospitalized 
(26.7% versus 5.2%, p<0.0001).

A majority of the cohort (71.7%) were not on any 
maintenance inhalers in the month before the COVID-19 
diagnosis (Table 1). For those on maintenance medications 
in the year before the COVID-19 diagnosis, the regimen 
tended to remain stable over time (Figure 1). There were 84 
patients (12.1%) who experienced 1 change in their inhaler 
regimen and 19 (2.7%) who experienced 2 changes in their 
inhaler regimen in the year before the COVID-19 diagnosis. 
Overall, 538 (77.2%) were neither exposed to steroids in 
the month before the COVID-19 diagnosis nor persistently 
exposed, 53 (7.6%) were exposed in the month before but 
not persistently, 23 (3.3%) were exposed persistently but not 
in the month before, and 83 (11.9%) were exposed both 
persistently and in the month before (Table 2).

To quantify the dose of steroids received, the median 
daily dose was 40mg (IQR 22–40) of prednisone equivalents 
among those exposed to oral steroids and 500mcg (IQR 500–
1000) of fluticasone propionate equivalents among those 
exposed to inhaled steroids in the month before COVID-19 
diagnosis.

Categorical variables are listed as numbers (percentages). Continuous variables are listed as medians (interquartile ranges).

aThe scale ranges from -1.8 to 3.72, with higher values indicating lower socioeconomic status.
bInfrequent COPD exacerbator was defined as having 0–1 exacerbation in 1 year; frequent COPD exacerbator was defined as having ≥2 exacerbations in 1 year.

COPD=chronic obstructive pulmonary disease; COVID-19=coronavirus disease 2019; FEV1=forced expiratory volume in 1 second; FVC=forced vital capacity; LAMA=long-acting muscarinic antagonist; ICS=inhaled 
corticosteroid; LABA=long-acting beta2-agonist; SABA=short-acting beta2-agonist; SAMA=short-acting muscarinic antagonist

0.59

0.14
0.10

<0.0001
<0.0001

313 (73.3)
6 (1.4)

43 (10.1)
39 (9.1)
14 (3.3)
12 (2.8)

0.0 (0.0–0.0)
0.0 (0.0–0.0)

22 (5.2)
29 (6.8)

520 (74.6)
10 (1.4)

78 (11.2)
67 (9.6)
18 (2.6)
19 (2.7)

0.0 (0.0–0.0)
0.0 (0.0–0.0)

94 (13.5)
116 (16.6)

192 (71.1)
4 (1.5)

35 (13.0)
28 (10.4)

4 (1.5)
7 (2.6)

0.0 (0.0–2.0)
0.0 (0.0–0.0)

72 (26.7)
87 (32.2)

Last Inhaler Grouping Before COVID-19 Diagnosis
Not on Maintenance Inhaler
Inhaled Steroid
LAMA
ICS/LABA
ICS/LAMA/LABA
LAMA/LABA

Median Number of Reliever Medications in the Year Before a COVID-19 Diagnosis
SABA
SAMA

Death 
Death or Hospice Referral

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

table 1 continued

Because the receipt of steroids can be a marker of the 
severity of COPD disease, we examined whether clinical 
characteristics were different in patients according to 
their degree of steroid exposure (Table 3). There were no 
differences in demographic characteristics (age, sex, race, 
neighborhood deprivation index, body mass index, or 
smoking status) by degree of steroid exposure. However, 
there were differences in health care utilization before the 
COVID-19 diagnosis. Patients who had received steroids 
persistently and 1 month before their COVID-19 diagnosis 
tended to have a higher median number of hospitalizations 
(1; IQR 0–2) compared with patients who had neither 
exposure (0; IQR 0,1). Additionally, the median Elixhauser 
comorbidity index in patients who had received steroids 
persistently and 1 month before COVID-19 diagnosis tended 
to be higher (8; IQR 3–16) compared with patients who 
had neither exposure (5; IQR 0, 13); the median forced 
expiratory volume in 1 second (FEV1) was similar between 
patients exposed to steroids persistently and 1 month before 
their COVID-19 diagnosis (79.0% percent of predicted; 
IQR 68.0%, 92.0%) compared with patients who had 
neither exposure (85.0%; IQR 73.5%, 95.6%). Patients with 
both persistent and steroid exposure 1 month prior had a 
higher incidence of pneumonia than those without steroid 
exposure (66.3% versus 44.4%). Comparisons of individual 
comorbidities are limited by the small sample size within 
each cell (Table 3).

The unadjusted OR for the risk of hospitalization in 
the exposed compared with the unexposed cohort in the 
baseline model was 1.51 (95% CI 0.99–2.28; Table 4). The 
unadjusted OR for death or hospice referral in the baseline 
model was 1.59 (95% CI 0.96–2.63). After adjusting for all 
variables (Model 3), the OR for hospitalization was 0.77 
(95% CI 0.41–1.46); which was considerably lower than an 
OR of 1.46 for death or hospice referral (95% CI 0.66–3.25). 
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Only Model 1 for the secondary outcome of death or hospice 
referral produced a significant result with the lower CI 
barely above 1 (OR 2.00, 95% CI 1.01–3.95). The overall 
AIC decreased for both primary and secondary outcomes 
with the addition of more variables. Among patients 
who had survived COVID-19–related hospitalizations, 
there was a higher risk of 30-day, nonelective, any-cause 
rehospitalization for COPD patients after adjusting for the 
covariates in Model 3, although with a wide upper CI (OR 
3.75, 95% CI 1.25–11.26).

The requirement of a higher threshold (≥8 months) to 
flag a patient as persistently exposed to steroids in the year 
before their COVID-19 diagnosis decreased the number of 
patients considered exposed to 17 (2.4%), without a change 
in the regression result for hospitalization.

Figure 1. Sankey Diagram of Patients on Maintenance Inhalers in the Year Before Coronavirus 
Disease 2019 Diagnosis

COVID-19=coronavirus disease 2019; ICS=inhaled corticosteroid; LABA=long-acting beta2-agonist; LAMA=long-acting muscarinic antagonist

Table 2. Pre–Coronavirus Disease 2019 Steroid Exposure in COPD and Coronavirus Disease 2019 
Patients

TotalInhaled or Oral 
Steroid Script Filled 

in the Month Before a 
COVID-19 Diagnosis

No Inhaled or Oral Steroid 
Script Filled in the Month 

Before a COVID-19 
Diagnosis

106 (15.2%)
591 (84.8%)
697 (100%)

83 (11.9%)
53 (7.6%)

136 (19.5%)

23 (3.3%)
538 (77.2%)
561 (80.5%)

Persistent Inhaled or Oral Steroid Exposure (≥6 Scripts Filled in the Year Before a COVID-19 Diagnosis)
No Persistent Inhaled or Oral Steroid Exposure in the Year Before a COVID-19 Diagnosis
Total

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

COPD=chronic obstructive pulmonary disease; COVID-19=coronavirus disease 2019

We evaluated, in COPD patients, the association between 
persistent steroid exposure in the year before a COVID-19 
diagnosis and risk of hospitalization. We found that patients 
hospitalized with COVID-19 were more likely to have 
a history of pneumonia than those who did not require 
hospitalization and that patients exposed to steroids before a 
COVID-19 diagnosis were also more likely to have a history 
of pneumonia than those who were not exposed to steroids, 
either persistently or in the month before their COVID-19 
diagnosis. We did not detect associations between persistent 
steroid exposure and either hospitalization or death/hospice 
referral after adjusting for covariates, including steroid 
exposure in the month before the COVID-19 diagnosis. 

Discussion
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Table 3. Clinical Characteristics of Patients by Steroid Exposure Before a Coronavirus Disease 
2019 Diagnosis

70.0, (62.0–79.0)
32 (38.6)

17 (20.5)
42 (50.6)

7 (8.4)
8 (9.6)

9 (10.8)
-0.2 (-0.7, -0.7)

30.0 (25.6–35.3)

27 (32.5)
49 (59.0)

7 (8.4)

1.0 (0.0–2.0)
2.0 (0.0–5.0)

10.0 (5.0–17.0)
12.0 (6.0–22.0)
8.0 (3.0–16.0)

31 (37.3)
56 (67.5)
57 (68.7)
27 (32.5)
23 (27.7)
12 (14.5)
14 (16.9)
22 (26.5)
14 (16.9)
20 (24.1)
10 (12.0)
16 (19.3)
24 (28.9)
<5 (3.6)

12 (14.5)
<5

5 (6.0)
6 (7.2)
8 (9.6)

<5
<5
<5
<5
<5

55 (66.3)
72 (86.7)
13 (15.7)
14 (16.9)
28 (33.7)

Variable p-valueNo Steroid 
Exposure
(n=538)

Persistent Steroid 
Exposure in the Year 
Before a COVID-19 
Diagnosis (n=23)

Steroid Exposure Both 
in the Month Before and 
Persistently in the Year 

Before a Diagnosis
(n=83)

74.0 (63.0–79.0)
13 (56.5)

5 (21.7)
10 (43.5)

<5
<5

5 (21.7)
0.2 (-0.2, -0.7)

31.2 (27.0–37.7)

7 (30.4)
15 (65.2)

<5

0.0 (0.0–2.0)
2.0 (1.0–6.0)

7.0 (5.0–13.0)
11.0 (8.0–20.0)
8.0 (3.0–16.0)

12 (52.2)
17 (73.9)
16 (69.6)
8 (34.8)
8 (34.8)

<5
<5
<5
<5
<5
<5
<5

8 (34.8)
<5
<5
<5

5 (21.7)
<5
<5
<5
<5
<5
<5
<5

14 (60.9)
20 (87.0)

<5
5 (21.7)
8 (34.8)

68.0 (59.0–78.0)
244 (45.4)

146 (27.1)
227 (42.2)

35 (6.5)
64 (11.9)
66 (12.3)

0.0 (-0.6, -0.8)
29.9 (25.5–34.7)

200 (37.2)
294 (54.6)

44 (8.2)

0.0 (0.0–1.0)
1.0 (0.0–2.0)

6.0 (3.0–13.0)
7.0 (3.0–13.0)
5.0 (0.0–13.0)

200 (37.2)
303 (56.3)
293 (54.5)
126 (23.4)
128 (23.8)
82 (15.2)

105 (19.5)
76 (14.1)
76 (14.1)
89 (16.5)
51 (9.5)

66 (12.3)
102 (19.0)

24 (4.5)
23 (4.3)
20 (3.7)
29 (5.4)
26 (4.8)
27 (5.0)
27 (5.0)
5 (0.9)

10 (1.9)
<5
<5

239 (44.4)
359 (66.7)

20 (3.7)
50 (9.3)

347 (64.5)

71.0 (59.0–78.0)
20 (37.7)

8 (15.1)
30 (56.6)

6 (11.3)
7 (13.2)

<5
0.0 (-0.5, -0.6)

30.0 (25.3–33.3)

11 (20.8)
35 (66.0)
7 (13.2)

0.0 (0.0–1.0)
1.0 (1.0–3.0)

11.0 (3.0–19.0)
11.0 (5.0–21.0)
5.0 (2.0–11.0)

14 (26.4)
35 (66.0)
33 (62.3)
12 (22.6)
9 (17.0)
6 (11.3)

13 (24.5)
2 (3.8)

13 (24.5)
6 (11.3)
5 (9.4)

6 (11.3)
9 (17.0)
5 (9.4)

<5
<5
<5
<5

5 (9.4)
<5
<5
<5
<5
<5

34 (64.2)
45 (84.9)

<5
12 (22.6)
23 (43.4)

Age at Diagnosis, years
Sex, male
Race/Ethnicity

Hispanic
White
Asian
Other
African-American

Neighborhood Deprivation Indexa

Body Mass Index, kg/m2

Smoking
Never
Former
Current

Number of Health Care Encounters in the Year Before a COVID-19 Diagnosis
Inpatient
Emergency Department
Outpatient
Virtual Visit

Elixhauser Comorbidity Index 
Diabetes With and Without Complications
Hypertension
Peripheral Vascular Disease
Obesity
Renal Failure
Hypothyroidism
Psychosis 
Anemia
Depression
Neurodegenerative Disorders
Liver Disease
Fluid/Electrolyte Disorder
Congestive Heart Failure
Solid Tumor With or Without Metastases
Rheumatoid Arthritis/Collagen Vascular Disorder
Paralysis
Weight Loss
Alcohol or Drug Abuse
Valvular Disease
Coagulopathy
Lymphoma
Pulmonary Circulation Disorders
Peptic Ulcer Disease

History of Lung Cancer
History of Pneumonia
History of Dyspnea
History of Bronchiectasis
Need for Supplemental Oxygen Before COVID-19 Diagnosis
New Start on Supplemental Oxygen After COVID-19 Diagnosis

Steroid Exposure in 
the Month Before 

a COVID-19 
Diagnosis

(n=53)

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

0.41
0.31

0.27

<0.01
0.85

0.27

<0.0001
<0.01
<0.01

<0.0001
<0.0001

0.19
0.07
0.04
0.20
0.31
0.87
0.73

0.002
0.19
0.18
0.88
0.28

0.057
0.23

0.004
0.74
0.03
0.76
0.20
0.73
0.14
0.45
0.20

<0.0001
0.0001

<0.0001
0.0005
0.003

<0.0001
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Categorical variables are listed as numbers (percentages) and continuous variables are listed as medians (interquartile ranges). Exact number was suppressed if sample size in the cell was <5 per the Kaiser 
Permanente Northern California guidelines. Steroid exposure could be via oral or inhaled route of administration. Persistent steroid exposure was defined as ≥6 months of filled outpatient scripts (not necessarily 
contiguous) in the year before COVID-19 diagnosis.

COVID-19=coronavirus disease 2019; FEV1=forced expiratory volume in 1 second; FVC=forced vital capacity; SABA=short-acting beta2-agonist; SAMA=short-acting muscarinic antagonist

0.6 (0.5–0.7)
0.6 (0.5–0.8)

79.0 (68.0–92.0)

0.0 (0.0–2.0)
0.0 (0.0–0.0)

0.6 (0.5–0.7)
0.6 (0.5–0.8)

85.0 (64.0–95.6)

2.0 (0.0–4.0)
0.0 (0.0–2.0)

0.7 (0.6–0.7)
0.7 (0.6–0.9)

85.0 (73.5–95.6)

0.0 (0.0–0.0)
0.0 (0.0–0.0)

0.7 (0.6–0.8)
0.7 (0.6–0.9)

81.5 (67.0–95.0)

0.0 (0.0–2.0)
0.0 (0.0–0.0)

<0.01
0.02
0.32

<0.0001
<0.001

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

Frequent COPD Exacerbatorb

FEV1/FVC Ratio
FEV1 (% Predicted)
Median Number of Reliever Medications in the Year Before a COVID-19 Diagnosis

SABA
SAMA

table 3 continued

Table 4. Logistic Regression Results Examining Steroid Exposure Before Coronavirus Disease 
2019 Diagnosis and Risk of Hospitalization or Death/Hospice Referral

629
630
527
484

Akaike Information CriterionOR for Hospitalization (95% CI) Akaike Information Criterion OR for Death or Hospice Referral (95% CI)
1.59 (0.96–2.63)
2.00 (1.01–3.95)
1.88 (0.90–3.91)
1.46 (0.66–3.25)

1.51 (0.99–2.28)
1.16 (0.68–1.98)
1.01 (0.58–1.77)
0.77 (0.41–1.46)

931
931
870
738

Baseline Model
Model 1a

Model 2b

Model 3c

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

Baseline model contains a variable for whether patients had persistent inhaled/oral steroid exposure defined as ≥6 months of filled outpatient scripts (not necessarily contiguous) in the year before COVID-19 
diagnosis. The Akaike Information Criterion is a statistical measure of model fit; a lower number indicates better model fit.

aAdd to the baseline model whether the patient had a filled script for inhaled/oral steroids in the 1 month before COVID-19 diagnosis
bAdd to Model 1 the following variables: age, sex, race, and neighborhood deprivation index
cAdd to Model 2 the following variables: Elixhauser comorbidity index, congestive heart failure, hypertension, diabetes, smoking status, body mass index, pre–COVID-19 supplemental oxygen use, history of frequent 
exacerbations, previous history of pneumonia, number of short-acting beta2-agonist or short-acting muscarinic antagonist fills in the year before the COVID-19 diagnosis.

OR=odds ratio; CI=confidence interval; COVID-19=coronavirus disease 2019 

Our null findings could be due to low power or a mixed 
result in which steroids may be beneficial in some patients 
to control their baseline COPD and harmful in others who 
may have prolonged viral shedding (>14 days) as a result of 
being immunocompromised.33 The statistically significant 
association between COPD and 30-day rehospitalization 
could reflect COPD patients’ pre–COVID-19 tendency 
to engage in more health care encounters, which could 
reflect unmeasured confounders (e.g., anxiety and 
comorbid disease severity), although the wide CI should 
limit overinterpretation of this finding. Overall, this study 
addresses a clinically important question that is relevant to 
patient care during an evolving respiratory pandemic.

Our study adds to the current literature on steroid 
exposure before a COVID-19 infection. A large, randomized 
controlled trial previously examined the use of inhaled 
budesonide in adults within 7 days of the onset of mild 
COVID-19 symptoms.18 In the intention-to-treat analysis, 
the primary outcome of an emergency department visit or 
hospitalization occurred in 2 (3%) patients in the treatment 
arm and 11 (15%) in the usual care arm.18 Clinical recovery 
was 1 day shorter in the treatment arm (median: 7 days in the 
budesonide group).18 The trial was conducted in the general 
adult population, not COPD patients specifically, who have 
unique respiratory microbiomes, inflammation patterns, and 
physiologic responses to viruses.34 Nevertheless, it provides 
some evidence to suggest that short-term steroid exposure at 
the time of COVID-19 infection may be beneficial.

A retrospective United Kingdom–based study by 
Schultze et al, OpenSAFELY, examined 148,557 COPD 
patients who had been prescribed an inhaled steroid in the 4 
months before a COVID-19 diagnosis, either as monotherapy 
or in combination with other medications.15 Although they 
report a higher risk of COVID-19–related deaths in patients 
prescribed ICSs than those prescribed nonsteroid inhalers 
after full risk adjustment (hazard ratio 1.39, 95% CI 1.10–1.76), 
the authors argue that this harmful association of steroids 
could be due to confounding that could not be adjusted 
for using electronic health data.15 They reason that: (1) 
they observed a higher risk of death in patients on triple 
therapy (ICS/long-acting beta2-agonists [LABA]/long-acting 
muscarinic antagonists[LAMA]), which contains the same 
amount of steroids as ICS-containing combination therapy 
but is given to patients with a more severe baseline disease, 
and (2) they observed a higher risk of non–COVID-19–
related deaths in patients receiving inhaled steroids, which 
could reflect a more severe baseline disease. An alternative 
interpretation, however, could be that patients exposed to 
steroids before their COVID-19 diagnosis are at a higher 
risk of hospitalization due to more rapid viral proliferation 
early in the disease course. There is also a suggestion of 
a dose-response relationship of a higher ICS dose with 
higher mortality in the asthma cohort of the OpenSAFELY 
study. We report a null but directionally similar finding to 
Schultze et al’s study. Although our sample size was much 
smaller, we had more granular variables for risk adjustment 
(for example, the need for supplemental oxygen before the 
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COVID-19 diagnosis). There were differences in how we 
defined steroid exposure (at least 6 filled prescriptions in 1 
year before the COVID-19 diagnosis versus 1 prescription 
written [not filled] in the 4 months before the COVID-19 
diagnosis).

Given the inconclusive evidence to date regarding the 
risk or benefit of exposure to a steroid-containing inhaler 
before the COVID-19 infection, GOLD has recommended 
that COPD patients continue their currently prescribed 
maintenance inhalers during the COVID-19 pandemic.35 
Previous studies have shown that before the pandemic, 
patients were frequently either undertreated or overtreated 
with maintenance inhalers. The proportion of COPD 
patients who are on no maintenance therapy has been 
reported to range between 37% and 74%. Conversely, it 
has been reported36-40 that almost 60% of patients are 
receiving triple therapy (ICS/LABA/LAMA), even though 
GOLD recommends reserving triple therapy for moderate to 
severe patients, which is estimated to be only 10%–15% of 
the population.36,37 Given the evolving nature of evidence-
based medicine during this pandemic, being on the correct 
maintenance inhaler is even more critical to the management 
of COPD patients given the potential risk of being on an 
unnecessary ICS if it were found to be harmful.

Our sample size of COPD patients who developed 
COVID-19 is small but consistent with that in previous 
literature. In a meta-analysis of 15 studies, Alqahtani et al 
report that only 2% of COVID-19 patients have COPD.41,42 

Multiple studies from the Veterans Affairs (VA) reported a 
drop in COPD exacerbations during the pandemic, which 
could reflect masking and social distancing behaviors during 
the pandemic that prevented infections in this potentially 
vulnerable population.43,44 Baum et al reported a 48.4% 
total reduction in admissions with a principal diagnosis of 
COPD to the VA in the first 4 months of the pandemic.43 
Other authors postulate that there is a protective effect of 
chronic steroids taken by COPD patients. Milne et al’s study 
showed that inhaled steroids downregulate the expression 
of ACE2, which is the receptor that SARS-CoV-2 uses to gain 
entry into cells.45

Our cohort of COVID-19 patients had mild COPD 
overall, with a median FEV1 of 84.2% predicted and only 
25% were prescribed any maintenance inhaler before their 
COVID-19 diagnosis. Trujillo et al report that COPD patients 
had high self-reported compliance with preventative 
measures during the pandemic and that patients with 
more severe COPD were more adherent to preventative 
measures.44 We believe our cohort represents a mild fraction 
of the COPD population due to behavioral modifications 
made by patients with a more severe baseline lung disease 
during the pandemic. Patients with severe baseline COPD 
may feel especially vulnerable and be more inclined to 
wear masks and socially distance themselves to avoid being 

infected in the first place.

Our study has multiple strengths. First, because the 
timing of steroid exposure is important in COVID-19, we 
accounted for steroid exposure both persistently and in the 1 
month before a COVID-19 diagnosis. It is well established16 
that a 10-day regimen of dexamethasone 6 mg daily confers 
a survival benefit to hypoxemic patients hospitalized for 
COVID-19. Current practice is to treat hospitalized patients 
with any degree of hypoxemia with this regimen but not 
those without hypoxemia or outpatients who may be earlier 
in their disease course.46 Treating patients early in their 
disease course with steroids could potentially cause harm 
given that the virus may still actively be replicating at day 10 
after infection.47 Furthermore, we performed a sensitivity 
analysis of persistent steroid exposure and demonstrated 
that few patients changed maintenance inhaler regimens 
over time. The latter point confirms the stability of patients’ 
medication regimen (in turn, exposure) over time. Second, 
we used rich, longitudinal data such that we could capture 
variables as detailed as steroid dosing and hospice referrals, 
regardless of whether they occurred in the inpatient or 
outpatient setting. Third, we examined the AIC to assess 
model fit as we adjusted for increasing numbers of variables. 
This is the first study conducted in the United States that 
assesses the association between steroid use and the risk of 
hospitalizations in COPD patients.

However, several limitations must be considered. First, 
steroid exposure in COPD can be a marker of disease severity 
so it is challenging to study steroid exposure retrospectively. 
We directly compared the characteristics of patients 
receiving various forms of steroids before their COVID-19 
diagnosis to clarify how they may be different. There were 
no differences in demographic characteristics, but patients 
with steroid exposure had a higher Elixhauser comorbidity 
index, a longer history of dyspnea and pneumonia, and 
higher previous health care utilization. Fortunately, these 
are characteristics that we could adjust for in regression 
modeling, but it is possible that other confounders exist that 
could not be adjusted for. Second, in defining patients with 
steroid exposure in the month before a COVID-19 diagnosis, 
this prescription could have been filled 1 day or 29 days 
prior and for any dose/duration. We quantified the median 
daily dose to describe the exposure group. However, we did 
not have the power to delineate other aspects of steroid 
exposure, which may be important for understanding 
whether there is an association with COVID-19–related 
hospitalization. For example, there may be a particular point 
in time before a COVID-19 diagnosis when steroid exposure 
flips from harmful to protective. Finally, a majority of the 
population did not have persistent steroid exposure, resulting 
in a small sample size for regression. As electronic medical 
records and claims data were used, it is unclear how many 
patients actually complied with the ICS regimen prescribed 
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after acquiring the medication. Recently published literature 
suggests that the undertreatment of COPD with maintenance 
medications is common; hence, this finding is likely not 
unique to our cohort at KPNC.36-40 Lastly, we studied the 
relationship of steroids with COVID-19, which is a steroid-
responsive viral infection, but the relationship with other 
viral infections (influenza, rhinovirus) may be different.

In conclusion, this retrospective cohort study did not 
detect an association between persistent steroid exposure 
before a COVID-19 diagnosis and hospitalization, which may 
have been limited by the sample size. While it is advisable to 
avoid oral steroids if possible due to the known side effects, 
for patients with moderate to severe COPD who meet the 
GOLD recommended criteria, the common practice has been 
to continue ICS therapy during the pandemic. Prevention 
measures, such as mask wearing, social distancing, and 
vaccination are indispensable for patients at a higher risk of 
contracting severe COVID-19 during the pandemic. 
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