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Abstract

Background: Comorbidities play a key role in severe disease outcomes in COVID-19 patients. However, the literature
on preexisting respiratory diseases and COVID-19, accounting for other possible confounders, is limited. The primary
objective of this study was to determine the association between preexisting respiratory diseases and severe disease
outcomes among COVID-19 patients. Secondary aim was to investigate any correlation between smoking and clinical
outcomes in COVID-19 patients.

Methods: This is a multihospital retrospective cohort study on 1871 adult patients between March 10, 2020, and
June 30, 2020, with laboratory confirmed COVID-19 diagnosis. The main outcomes of the study were severe disease
outcomes i.e. mortality, need for mechanical ventilation, and intensive care unit (ICU) admission. During statistical
analysis, possible confounders such as age, sex, race, BMI, and comorbidities including, hypertension, coronary artery
disease, congestive heart failure, diabetes, any history of cancer and prior liver disease, chronic kidney disease, end-
stage renal disease on dialysis, hyperlipidemia and history of prior stroke, were accounted for.

Results: A total of 1871 patients (mean (SD) age, 64.11 (16) years; 965(51.6%) males; 1494 (79.9%) African Americans;
809 (43.2%) with > 3 comorbidities) were included in the study. During their stay at the hospital, 613 patients (32.8%)
died, 489 (26.1%) needed mechanical ventilation, and 592 (31.6%) required ICU admission. In fully adjusted models,
patients with preexisting respiratory diseases had significantly higher mortality (adjusted Odds ratio (@aOR), 1.36; 95%
Cl, 1.08-1.72; p=0.01), higher rate of ICU admission (aOR, 1.34; 95% Cl, 1.07-1.68; p=0.009) and increased need for
mechanical ventilation (@OR, 1.36; 95% Cl, 1.07-1.72; p=0.01). Additionally, patients with a history of smoking had
significantly higher need for ICU admission (@OR, 1.25; 95% Cl, 1.01-1.55; p=0.03) in fully adjusted models.

Conclusion: Preexisting respiratory diseases are an important predictor for mortality and severe disease outcomes,
in COVID-19 patients. These results can help facilitate efficient resource allocation for critical care services.
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Introduction

Coronavirus disease-2019 (COVID-19) has infected
. : close to 55.6 million people worldwide and resulted
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people have died. Early reports from the US sug-
gest that patients with preexisting comorbid diseases
including chronic lung diseases are at a higher risk of
severe COVID-19 disease [1-3]. Similar studies from
China [4-7] and Italy [8] have noted that patients with
preexisting respiratory diseases have higher mortal-
ity. According to the global burden of disease, Chronic
Obstructive Pulmonary Disease (COPD) is the third
leading cause of death worldwide [9] and chronic lower
respiratory diseases have been identified as the fourth
leading cause of death in the US accounting for 5.7%
of total deaths [10]. Obstructive sleep apnea (OSA) is
another common preexisting respiratory condition
affecting close to 1 billion people worldwide, with high
prevalence in the US [11]. However limited informa-
tion is available describing mortality and the need for
mechanical ventilation in patients with preexisting res-
piratory diseases and COVID-19.

A study by the Chinese Center for Disease Control
and Prevention had reported an average case-fatality
rate of around 2.3%, however, significantly higher mor-
tality was noted in critically ill patients in intensive care
[4]. Other studies have reported that 2—3% of patients
infected with COVID-19 require mechanical ventila-
tion [12—14] and reported a case fatality rate of 1.2% in
the US [15].

Literature is abundant on the negative impact of
smoking on lung health and its association with a
plethora of respiratory conditions. Smoking is also det-
rimental to the immune system [16] and its response to
various infections. Studies have delineated the implica-
tions of increased risk of infection among smokers [17].
Recently an association of smoking with negative pro-
gression and adverse outcomes in COVID-19 patients
has been reported [18].

The increased number of COVID-19 patients pre-
senting with critical illness has resulted in limited
availability of intensive care beds and strained hospi-
tal resources [19]. It is important to identify patients
who are at risk for critical illness, need intensive care
and mechanical ventilation to optimize the use of criti-
cal care resources, especially in inner-city and pre-
dominantly underserved areas. It can aid in efficient
resource allocation, planning for critical care surge, and
appropriate deployment of health care workers.

The main objective of this study is to determine the
correlation between preexisting respiratory diseases
and severe disease outcomes i.e. mortality, need for
mechanical ventilation, and intensive care unit (ICU)
admission among COVID-19 patients. Our study
also explores if the history of smoking in COVID-19
patients is associated with the severe disease outcomes
mentioned above.
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Methods

Study design

We conducted a retrospective cohort study on 1871
adult patients with confirmed COVID-19 diagnosis. This
study was deemed exempt by the Detroit Medical Center
(DMC) and Wayne State University institutional review
board. (IRB application #20-07-2528). No external fund-
ing was received for conducting the study.

Study site and patient population

Adult patients (>18 years of age) with a confirmed
COVID-19 diagnosis (either via nasopharyngeal or oro-
pharyngeal swab) were included. Testing for COVID-19
was done at the DMC, one of the largest academic medi-
cal centers and healthcare providers in Southeast Michi-
gan. DMC comprises four distinct hospitals in Michigan
and data from all four hospitals have been included in
this study. These hospitals primarily serve the Detroit
metropolitan area catering to an underserved population
majority of which is African American.

Data collection

A list of patients was collected in collaboration with insti-
tutional information technology services. Patients who
visited DMC between March 10, 2020, and June 30, 2020,
with a laboratory confirmed COVID-19 PCR diagnosis
were included. Patients under the age of 18, any readmis-
sion during the time frame, ambulatory surgery patients,
and pregnant patients were excluded from the study.
Patients who were transferred to an outside facility for
extracorporeal membrane oxygenation (ECMO) therapy
were also excluded.

To determine preexisting respiratory diseases and
smoking status, along with other variables, we manu-
ally searched through clinical notes, emergency depart-
ment (ED) notes, and prior history tab in the electronic
medical records (EMR). Preexisting respiratory diseases
included in the study were COPD, asthma, pulmonary
hypertension, OSA, pulmonary embolism, sarcoidosis,
lung cancer, prior tuberculosis, and interstitial lung dis-
ease. Data points were manually collected and coded for
each patient. Data regarding radiographic imaging dur-
ing hospitalization, initial chest X-ray and chest com-
puterized tomography (CT) scan were also collected for
all the patients, whenever available. The severity of the
preexisting respiratory diseases was also noted, if the
information was available. Disease severity for each con-
dition was determined as follows: (a) COPD severity was
based on the GOLD grade using the pulmonary function
tests (PFTs), (b) OSA severity was classified based on the
apnea—hypopnea index (AHI) from the sleep studies,
(c) asthma severity was determined based upon symp-
toms, nocturnal awakening and PFT’s (d) pulmonary
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hypertension, based on mean pulmonary arterial pres-
sure on right heart catheterization, and (e) sarcoido-
sis, based on the baseline chest X-ray findings. Positive
smoking status was established based on the documented
smoking history on the review of EMR. Quantification
of the amount of smoking and categorization of smokers
into current and former smokers could not be done due
to the lack of consistent documentation in EMR. Also,
the nature and clinical course of the patient’s hospitaliza-
tion and their disposition from the ED visit were noted.

Outcomes

The main outcomes for this study were mortality, need
for mechanical ventilation, and ICU admission. Together,
they have been referred to as severe disease outcomes in
COVID-19. All of the patients included in the study had
a documented acute care endpoint (mortality/discharged
status) at the time of data collection. Additionally, the
number and type of prior comorbidities, BMI, disposi-
tion upon ED visit (discharge home, inpatient admission,
and direct ICU admission) were collected. Data regard-
ing whether or not the patient received corticosteroid
treatment during the course of their hospitalization were
also obtained. Charts were screened to determine if the
patient required up-gradation of care to the ICU from
inpatient floors. Demographic data collected included
age, sex, and race.

Statistical analysis

Categorical variables have been described as frequency
and percentages, and continuous variables have been
described as mean and standard deviation. A crude rela-
tive association measure (Odds ratio, OR) was calculated
for each correlation using the Pearson chi-square and
Fisher test. An adjusted odds ratio was calculated using
binary logistic regression. In the fully adjusted models,
adjustments were made for age, sex, race, BMI, and prior
comorbidities including, hypertension, coronary artery
disease (CAD), congestive heart failure (CHF), diabe-
tes, any history of cancer and prior liver disease, chronic
kidney disease (CKD), end-stage renal disease (ESRD)
on dialysis, hyperlipidemia and history of prior stroke.
Age and BMI were taken as continuous variables while
the remaining were categorical variables. A p-value of
less than 0.05 was determined to be significant. Stepwise
regression using forward selection (Wald) method was
also performed to obtain an optimal model and further
validate the findings. Subgroup analyses were done based
on the type of preexisting respiratory disease. Analysis
based on the severity of preexisting respiratory disease
could not be conducted due to the non-availability of this
data for a large number of patients. Statistical analyses
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were completed using IBM SPSS Statistics software (ver-
sion 26).

Results

Baseline characteristics

There were 2001 adult patient records with positive
COVID-19 test at the 4 DMC hospitals with a naso-
pharyngeal/oropharyngeal PCR swab between March 10,
2020, and June 30, 2020. A total of 130 patient records
were excluded based on the exclusion criteria, and 1871
patients were included in the study. In the cohort anal-
ysis, there was an almost equal distribution of males
(n=965, 51.6%) and females (n=906, 48.4%). The mean
age of patients was 64.11 years (Standard deviation SD
16). More than half the patients (n=997, 53.3%) were
65 years or older, with African Americans being the
predominant race (n=1494, 79.9%). About 43% of the
patients had three or more comorbid diseases (n==809).
The mean BMI of the patient cohort was 31.14 kg/m? (SD
8.82) and 47% (n=2897) patients were in the obese cat-
egory, 23 patients were missing BMI information in the
chart. About 30.7% of all the patients (n=575) had a doc-
umented preexisting respiratory disease as part of their
medical history. Additionally, 37.6% (n=704) of patients
had a history of smoking identified as a part of their
social history. The baseline characteristics of the popula-
tion included are detailed in Table 1.

Clinical course

The total mortality in the cohort was 32.8% (n=613).
About 17.5% (n=327) patients were admitted directly
to ICU from the ED. An additional 265 were later trans-
ferred to ICU from the inpatient service. Approximately
one in every three patients (31.6%) who presented to ED
ended up requiring ICU services. Around 8.8% of the
total patients were sent home from ED (n=165), while
73.7% (n=1379) were admitted to the inpatient ser-
vice. During the course of hospitalization, 26.1% of the
patients (n=489) required mechanical ventilation. Uni-
lateral/bilateral infiltrates on chest X-ray at admission
was the most common radiographical finding. Further
details on the clinical course of the patients and radio-
graphical findings are summarized in Table 2.

Preexisting respiratory disease and severe disease
outcomes

Patients with preexisting respiratory diseases had signifi-
cantly higher mortality, higher need for ICU admission,
and a greater need for mechanical ventilation, compared
to the patients without preexisting respiratory diseases.
In unadjusted analysis, patients with preexisting res-
piratory disease were associated with higher mortality,
compared to those without any preexisting respiratory
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Table 1 Baseline characteristics of patients

Table 1 (continued)
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Characteristics

Cohort (n=1871)

Characteristics

Cohort (n=1871)

Age, n (%)
Mean (SD)
<65
>65
Sex, n (%)
Male
Female
Race/ethnicity, n (%)
African American
White
Asian
Middle Eastern
Latino/Hispanic
BMI, mean (SD)
<18.5 (underweight)
18.5-24.9 (normal)
25-29.9 (overweight)
> 30 (obese)
Preexisting respiratory disease, n (%)
COPD
Asthma
Obstructive sleep apnea
Pulmonary embolism
Pulmonary hypertension
Sarcoidosis
Lung cancer
Prior TB/ILD
Number of comorbidities, n (%)
0
1
2
>3

Current or former smoker, n (%)

Individual preexisting respiratory disease severity

COPD, n (%)

GOLD grade |

GOLD grade Il

GOLD grade Il

GOLD grade IV

Cannot be determined
Asthma, n (%)

Intermittent

Mild

Moderate

Severe

Cannot be determined
Obstructive sleep apnea, n (%)

Mild (5 <AHI< 15)

Moderate (15 < AHI < 30)

64.11 (16)
874 (46.7)
997 (53.3)

965 (51.6)
906 (48.4)

1494 (79.9)
340 (18.2)
21 (1)
14(0.7)
2(0.1)
31.14(8.82)
46 (2.5)

411 (22)
512(27.4)

257 (13.7)
362 (19.3)
443 (23.7)
809 (43.2)
704 (37.6)

31
12.6)
5.7)
5)
5(1.6)
238 (75.1)
134
9(6.7)
13(9.7)
5(.7)
2(1.5)
105 (78.4)
63
7(11.1)
6(9.5)

7
40 (
18(
16 (

Severe (AHI > 30) 18 (28.6)

Cannot be determined 32 (50.8)
Pulmonary Hypertension (based on mPAP), n (%) 10

Mid 4 (40)

Moderate 1(10)

Severe 2 (20)

Cannot be determined 3(30)
Sarcoidosis, n (%) 8

Stage 0 3(37.5)

Stage 1 2 (25)

Cannot be determined 3(37.5)

SD Standard deviation, AHI Apnea-hypopnea index, mPAP Mean pulmonary

arterial pressure
mPAP Mean pulmonary arterial pressure

Table 2 Clinical course of patients (cohort n=1871)

Mortality 613 (32.8)
Mechanical ventilation 489 (26.1)
ICU admission 592 (31.6)
Admission disposition
ER Visit Only (Discharged from ER) 165 (8.8)
Inpatient Admission 1379 (73.7)
Direct ER to ICU admission 327 (17.5)
Chest x-ray at admission 1821
Infiltrates (unilateral/bilateral) 1242 (68.2)
Atelectasis 208 (11.4)
Pleural effusion 31(1.7)
Pulmonary vascular congestion/edema 106 (5.8)
Normal 234(12.9)
CT scan findings during admission 93
Consolidation 15(16.1)
Ground glass opacities 59 (63.4)
Pulmonary infiltrates (unilateral/bilateral) 11(11.8)
Interstitial abnormalities (reticular, fibrous stripes, inter- 7(7.5)
lobular septal thickening)
Normal 1(1.1)
Corticosteroids during admission 571
Preexisting respiratory disease 230 (40.3)
No preexisting respiratory disease 341 (59.7)

disease (OR=1.29; 95% CI, 1.05-1.58; p=0.02). Having
a preexisting respiratory disease was also associated with
a higher rate of ICU admission (OR, 1.33; 95% CI, 1.08—
1.64; p=0.007) as well as increased need for mechanical
ventilation (OR, 1.40; 95% CI, 1.13-1.74; p=0.002).

Even after adjusting for age, sex, race, BMI, and prior

comorbidities including, hypertension,

CAD, CHE
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diabetes, any history of cancer and prior liver disease,
CKD, ESRD on dialysis, hyperlipidemia, and history
of prior stroke, patients with preexisting respiratory
diseases had higher mortality (adjusted(a)OR=1.36;
95% CI, 1.08-1.72; p=0.01), increased need for ICU
admission (aOR=1.34; 95% CI, 1.07-1.68; p=0.009),
and higher rates of requiring mechanical ventilation
(aOR=1.36; 95% CI, 1.07-1.72; p=0.01). Further details
on the results of unadjusted models and fully adjusted
models for the association between preexisting respira-
tory disease and the three severe disease outcomes are
outlined in Table 3. The results for stepwise regression
models exploring the association between preexisting
respiratory disease and the clinical outcomes have been
summarized in Table 4.

Type of preexisting respiratory disease and severe disease
outcomes

Among patients with preexisting respiratory diseases, the
most prevalent condition was COPD, present in more
than half of the patients (n=317). In the unadjusted
models, COPD (OR, 1.47; 95% CI, 1.14-1.88; p=0.002),
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Asthma (OR, 0.57; 95% CI, 0.38-0.87; p=0.008) and
OSA (OR, 2.04; 95% CI, 1.23-3.37; p=0.005) dem-
onstrated significant association with mortality. The
need for mechanical ventilation was also significantly
higher for patients with COPD (OR, 1.35; 95% CI, 1.04—
1.76; p=0.02) and OSA (OR, 2.85; 95% CI, 1.72-4.73;
p<0.001). In fully adjusted models, however, only the
association of OSA with the three severe disease out-
comes was found to be statistically significant, mortality
(aOR, 2.59; 95% CI, 1.46—4.58; p=0.001), ICU admis-
sion (aOR, 1.95; 95% CI, 1.14-3.32; p=0.01) and need
for mechanical ventilation (aOR, 2.20; 95% CI, 1.28-3.78;
p=0.004). Table 5 summarizes the association of dif-
ferent preexisting respiratory diseases with the severe
disease outcomes in the unadjusted as well as the fully
adjusted models.

Smoking and severe disease outcomes

Smoking was associated with higher mortality (OR,
1.26; 95% CI, 1.03-1.53; p=0.02) and increased need for
ICU admission (OR, 1.33; 95% CI, 1.09-1.62; p=0.005).
The association between smoking and the need for

Table 3 Association between preexisting respiratory disease/smoking and severe disease outcomes- Mortality,
Mechanical ventilation and ICU admission unadjusted and adjusted for age, sex, race, BMI and comorbidities

Characteristic Mortality ICU Admission Mechanical ventilation
OR (95% Cl) p-value OR (95% Cl) p-value OR (95% Cl) p-value

Preexisting respiratory disease

Unadjusted 1.29 (1.05-1.58) 0.02 1.33(1.08-1.64) 0.007 140 (1.13-1.74) 0.002

Fully adjusted” 1.36 (1.08-1.72) 0.01 1.34 (1.07-1.68) 0.009 1.36 (1.07-1.72) 0.01
Smoking

Unadjusted 1.26 (1.03-1.53) 0.02 1.33(1.09-1.62) 0.005 1.23(0.99-1.52) 0.05

Fully adjusted* 1.14(0.91-142) 0.25 1.25(1.01-1.55) 0.03 1.15(0.92-1.44) 0.21

*Fully adjusted for age, sex, race, BMI and comorbidities which include hypertension, coronary artery disease, diabetes, chronic kidney disease, ESRD on dialysis,
congestive heart failure, any cancer, any liver disease, hyperlipidemia and history of previous stroke

OR odds ratio, Cl Confidence Interval

Table 4 Association between preexisting respiratory disease/smoking and severe disease outcomes- Mortality,
Mechanical ventilation and ICU admission (using stepwise regression, forward selection Wald approach)

Mortality ICU Admission Mechanical ventilation
OR (95% Cl) p-value OR (95% Cl) p-value OR (95% Cl) p-value
Preexisting respiratory diseases

1.38 (1.10-1.74)* 0.005 1.34 (1.08-1.66)** 0.009 1.34 (1.07-1.69)*** 0.01
Smoking

NS 1.28(1.04-1.57)N 0.02 NS

*Variables in the optimal model- age, sex, BMI, diabetes, chronic kidney disease and preexisting respiratory diseases

**Variables in the optimal model- age, sex, BMI, diabetes, chronic kidney disease and preexisting respiratory diseases

***Variables in the optimal model- age, sex, BMI, diabetes, hypertension, and preexisting respiratory diseases

AVariables in the optimal model- age, sex, BMI, diabetes, chronic kidney disease and smoking

OR odds ratio, CI confidence interval, NS nonsignificant
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Table 5 Association between individual preexisting respiratory disease and severe disease outcomes- Mortality,

Mechanical ventilation and ICU admission

Characteristic Number of events Unadjusted Fully adjusted*
0
n (%) OR (95% Cl) p-value OR (95% CI) p-value
Mortality
COPD 127 (40.1) 147 (1.14-1.88) 0.002 1.20(0.91-1.58) 0.2
Asthma 30(224) 0.57 (0.38-0.87) 0.008 0.98 (0.61-1.58) 0.94
Obstructive sleep apnea 31(49.2) 2.04(1.23-3.37) 0.005 2.59 (1.46-4.58) 0.001
Pulmonary embolism 13 (48.1) 1.92 (0.90-4.12) 0.09 1.86 (0.82-4.23) 0.14
Pulmonary hypertension 4 (40) 1.37(0.38-4.87) 0.62 1.09 (0.28-4.23) 09
Sarcoidosis 1(12.5) 0.29 (0.04-2.38) 0.28 0.39 (0.04-3.46) 04
Lung cancer 4 (444) 1.65 (0.44-6.15) 0.45 1.24 (0.30-5.10) 0.76
ICU admission
COPD 114 (36) 1.26 (0.98-1.63) 0.07 1.20 (0.92-1.58) 0.18
Asthma 41 (30.6) 0.95 (0.65-1.39) 0.79 1.16 (0.77-1.74) 047
Obstructive sleep apnea 32 (50.8) .3(1.39-3.80) 0.001 1.95(1.14-3.32) 0.01
Pulmonary embolism 13 (48.1) 2.30(0.95-4.34) 0.06 2.03(0.93-4.44) 0.08
Pulmonary hypertension 4 (40) 144 (041-5.13) 0.57 1.25(0.34-4.62) 0.74
Sarcoidosis 1(12.5) 1(0.04-2.50) 0.49 0.39(0.05-3.21) 0.38
Lung cancer 2(222) 0.62(0.13-2.97) 0.54 0.63 (0.12-3.28) 0.58
Mechanical ventilation
COPD 99 (31.2) 1.35(1.04-1.76) 0.02 1.28 (0.96-1.69) 0.09
Asthma 33 (24.6) 0.92(0.61-1.38) 0.68 1.08 (0.69-1.67) 0.74
Obstructive sleep apnea 31(49.2) 2.85(1.72-4.73) <0.001 2.20(1.28-3.78) 0.004
Pulmonary embolism 9(333) 142 (0.63-3.18) 0.39 1.45(0.63-3.34) 0.39
Pulmonary hypertension 3(30) 21(0.31-4.70) 0.72 0.96 (0.23-3.92) 0.95
Sarcoidosis 1(12.5) 040 (0.0-3.28) 0.69 0.52 (0.06-4.30) 0.54
Lung cancer 1(11.1) 0.35(0.04-2.82) 0.46 0.35 (0.04-3.00) 0.34

*Fully adjusted for age, sex, race, BMI and comorbidities which include hypertension, coronary artery disease, diabetes, chronic kidney disease, ESRD on dialysis,
congestive heart failure, any cancer, any liver disease, hyperlipidemia and history of previous stroke

OR odds ratio, CI Confidence Interval

mechanical ventilation was not statistically significant
(OR, 1.23; 95% CI, 0.99-1.52; p=0.05). After adjusting
for age, sex, race, BMI, and comorbidities, a significant
association was only noted between smoking and ICU
requirement (aOR, 1.25; 95% CI, 1.01-1.55; p=0.03).
Table 3 outlines the association of smoking with severe
disease outcomes.

Discussion

This retrospective cohort study provides novel findings
indicating the role of preexisting respiratory diseases as
an important predictor of severe disease outcomes in
patients hospitalized with COVID-19. The study dem-
onstrated a significant association between the pres-
ence of preexisting respiratory diseases and mortality,
ICU admission, and need for mechanical ventilation.
Even when adjusted for possible confounders such as
age, sex, race, BMI and ten prevalent comorbidities,

patients with preexisting respiratory disease had sig-
nificantly higher mortality, greater need for ICU admis-
sion, and increased need for mechanical ventilation.
Hence, the study demonstrates that preexisting respira-
tory diseases are an important predictor for severe dis-
ease outcomes in COVID 19 patients.

Hypertension, coronary artery disease, and diabetes
are the most common reported comorbidities among
COVID-19 patients [6, 20-24], and they have been
found to be associated with severe disease outcomes.
Studies from China [5, 12, 13, 25-27] and Italy [28]
have reported that patients with chronic lung diseases
have worse clinical outcomes, however, they evaluated
a much smaller cohort. Obesity also has been reported
by some, to be a risk factor for mortality in COVID-19
[20, 29, 30]. To date, the literature on the role of pre-
existing respiratory conditions in the clinical course
of COVID-19 positive patients has been limited, and
our study highlights that the presence of preexisting
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respiratory diseases has a significant impact on clinical
outcomes.

To our knowledge, this is the first study that has
looked at the association of all the prominent respira-
tory diseases with severe disease outcomes in COVID-
19 patients. Patients with OSA had significantly higher
mortality, a higher need for mechanical ventilation, and
a greater need for ICU admission in our study. A recent
study by Cade et al. [31] also noted a significant crude
association between sleep apnea and mortality. However,
in their study, the associations were somewhat attenuated
after adjusting for BMI and other comorbidities. Another
study by Maas et al. [32] reported that OSA was associ-
ated with an increased risk of hospitalization and approx-
imately double the risk of developing respiratory failure.
The patients with OSA in our study were also more than
twice as likely to require mechanical ventilation, com-
pared to the patients without OSA. Prior diagnosis of
OSA in COVID-19 patients has also been reported to be
associated with increased risk of death at day 7 [33]. A
review by Miller et al. [34] provides a plausible explana-
tion linking OSA and COVID-19. It hypothesizes that
periods of hypercapnia and hypoxemia, surges of sympa-
thetic activation, and increased inflammatory markers in
OSA, may contribute to worse outcomes in COVID-19
patients. Further research is warranted to better under-
stand the mechanism by which OSA might be contribut-
ing to worse clinical outcomes in COVID-19 patients.

In our study, patients with COPD also had increased
mortality and a higher need for mechanical ventilation.
However, upon adjusting for age, sex, race, BMI, and
comorbidities, associations were attenuated and failed to
reach the level of traditional significance. In the study by
Grasselli et al. [28] COPD was noted to be significantly
associated with mortality in multivariable analysis, how-
ever, this study did not adjust for BMI which could be a
possible confounder and was accounted for in our study.
Also, in their cohort of 3988 ICU patients, only 0.02%
of the patients had COPD, thereby one can surmise that
COPD does not have a significant association with the
higher need for ICU admission, as seen in our study.
We were unable to demonstrate any statistically signifi-
cant correlation between other respiratory conditions,
apart from COPD and OSA, and the severity outcomes
explored by this study. This may be, in part, due to the
far smaller sample sizes for these other respiratory condi-
tions in our cohort.

This study also demonstrated a crude association
between smoking and severe disease outcomes, par-
ticularly with mortality and the need for intensive care
services. Similar studies looking at the association of
smoking have also demonstrated worse clinical out-
comes in patients with COVID-19[5, 13], increased
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rate of hospitalizations [35] and increased incidence
of COVID-19 among young adults [36]. Recent litera-
ture shows an association of smoking and expression of
angiotensin converting enzyme-2 (ACE-2) in small air-
way epithelia [37, 38], which has been identified as the
cell entry receptor for the SARS-CoV 2 virus [39-41].
A recent meta-analysis done by Karanasos et. al. [42]
showed smoking modestly increased disease severity in
COVID-19 patients, similar to what has been reported by
our study. However, vast majority of the studies included
in this meta-analysis did not adjust for confounders. In
our study, when we controlled for age, sex, race, comor-
bidities, and BMI, we still noted a significant association
between smoking and the need for ICU admission.

Our study has several limitations that must be
acknowledged. The data collected relied on clinical
notes to gather the history of preexisting respiratory
disease and smoking. It is subject to both selection and
information bias. Although we had a large database of
2000 + patients, the number of patients with certain pre-
existing respiratory diseases such as OSA, Pulmonary
Hypertension, Sarcoidosis, lung cancer was relatively
small. Also, this is a retrospective study on the data from
4 hospitals in a single geographic location, predomi-
nantly serving the underserved population with a major-
ity of patients being African American, having multiple
comorbidities. This may limit the generalization of these
results. We could not explore further if the severity of
respiratory disease had any impact on COVID-19 dis-
ease progression or clinical outcomes since the data used
to determine the severity of preexisting respiratory dis-
eases were not available for a large number of patients in
this cohort. Another limitation of our study is the lack
of detailed smoking history, including the duration and
amount of smoking. Due to the lack of detailed informa-
tion in the EMR, we could not differentiate between cur-
rent and former smokers. Therefore, any history of past
or current smoking was counted as the smoking status to
be positive. Despite these limitations, the findings of this
study can help to fill some of the vital voids that currently
exist in the understanding of COVID-19.

Conclusion

Preexisting respiratory diseases are an important comor-
bid condition associated with worse clinical outcomes,
higher mortality, greater need for ICU admission, and
increased need for mechanical ventilation, in COVID-19
patients. These results can be useful in planning treat-
ment and allocation of critical care resources, espe-
cially during surges, in regions where such resources are
limited.



Lohia et al. Respir Res (2021) 22:37

Abbreviations

COVID-19: Coronavirus disease; US: United States; COPD: Chronic obstructive
pulmonary disease; OSA: Obstructive Sleep Apnea; ICU: Intensive care unit;
DMC: Detroit Medical Center; ED: Emergency department; ECMO: Extracorpor-
eal membrane oxygenation; EMR: Electronic medical records; PFT: Pulmonary
function test; CAD: Coronary artery disease; CHF: Congestive heart failure;
CKD: Chronic kidney disease; ESRD: End stage renal disease; OR: Odds ratio;

Cl: Confidence interval; SD: Standard Deviation; AHI: Apnea—-hypopnea index;
mPAP: Mean pulmonary arterial pressure.

Acknowledgements
We extend our gratitude to the Research Design and Analysis Unit at Wayne
State University for their assistance with the analyses of the project.

Authors’ contributions

PL conceptualized the study and performed the lead role in data acquisition,
data analysis, data interpretation, along with supervising the project, drafting
the manuscript, and reviewing it for critical intellectual content. KS, PN, AC,
and SKhicher conceptualized the study, collected the data, and made sup-
porting contribution editing the manuscript. HY contributed to data analysis,
data interpretation and made supporting contribution editing the manu-
script. SKapur was the equal contributor in data analysis, data interpretation,
drafting the manuscript, and reviewing the manuscript. SB conceptualized
the study along with supervising the project, data interpretation, editing the
manuscript, and reviewing it for critical intellectual content. All authors read
and approved the final manuscript; agree to be accountable for all aspects of
the work.

Funding
None.

Availability of data and materials

The deidentified data that support the findings of this study can be available
from the corresponding author upon reasonable request and appropriate
permission from the institutional IRB.

Ethics approval and consent to participate
The study was exempt by the Detroit Medical Center (DMC) and Wayne State
University Institutional Review Board. (IRB application #20-07-2528).

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.

Author details
! Department of Internal Medicine, Wayne State University, 4201 St Antoine,
Detroit, Ml UHC 5C, USA. ? Wayne State University, Detroit, MI, USA.

Received: 23 November 2020 Accepted: 31 January 2021
Published online: 05 February 2021

References

1. Myers LC, Parodi SM, Escobar GJ, Liu VX. Characteristics of hospitalized
adults with COVID-19 in an integrated health care system in California.
JAMA. 2020;323:2195-8.

2. Gold JAW, Wong KK, Szablewski CM, Patel PR, Rossow J, da Silva J, Nata-
rajan P, Morris SB, Fanfair RN, Rogers-Brown J, et al. Characteristics and
clinical outcomes of adult patients hospitalized with COVID-19—Georgia,
March 2020. MMWR Morb Mortal Wkly Rep. 2020,69:545-50.

3. CDC COVID-19 Response Team. Preliminary estimates of the prevalence
of selected underlying health conditions among patients with coronavi-
rus disease 2019 United States, February 12-March 28, 2020. MMWR Morb
Mortal Wkly Rep. 2020;2020(69):382-6.

4. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72 314 cases from the Chinese center for disease control and
prevention. JAMA. 2020;323:1239-42.

20.

21

22.

23.

24.

25.

26.

Page 8 of 9

Zhou F,YuT,Du R, Fan G, LiuY, Liu Z, Xiang J, Wang Y, Song B, Gu X,

et al. Clinical course and risk factors for mortality of adult inpatients

with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet.
2020;395:1054-62.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z,
Xiong Y, et al. Clinical characteristics of 138 hospitalized patients with
2019 novel coronavirus-infected pneumonia in Wuhan China. JAMA.
2020;323:1061-9.

Du RH, Liu LM, Yin W, Wang W, Guan LL, Yuan ML, Li YL, Hu Y, Li XY, Sun B,
et al. Hospitalization and critical care of 109 decedents with COVID-19
pneumonia in Wuhan China. Ann Am Thorac Soc. 2020;17:839-46.
Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, Cereda
D, Coluccello A, Foti G, Fumagalli R, et al. Baseline Characteristics and
outcomes of 1591 patients infected with SARS-CoV-2 admitted to ICUs of
the Lombardy Region Italy. JAMA. 2020;323:1574-81.

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J,
Adair T, Aggarwal R, Ahn SY, et al. Global and regional mortality from 235
causes of death for 20 age groups in 1990 and 2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet. 2012;380:2095-128.
Heron M. Deaths: leading causes for 2017. Natl Vital Stat Rep.
2019,68:1-77.

. Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip MSM, Morrell MJ,

Nunez CM, Patel SR, Penzel T, Pépin JL, et al. Estimation of the global
prevalence and burden of obstructive sleep apnoea: a literature-based
analysis. Lancet Respir Med. 2019;7:687-98.

Wu JT, Leung K, Bushman M, Kishore N, Niehus R, de Salazar PM, Cowling
BJ, Lipsitch M, Leung GM. Estimating clinical severity of COVID-19 from
the transmission dynamics in Wuhan China. Nat Med. 2020,26:506-10.
Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui
DSC, et al. Clinical characteristics of coronavirus disease 2019 in China. N
Engl J Med. 2020;382:1708-20.

Faust JS, Del Rio C. Assessment of deaths from COVID-19 and from sea-
sonal influenza. JAMA Intern Med. 2020;180:1045-6.

Sudharsanan N, Didzun O, Barnighausen T, Geldsetzer P. The contribution
of the age distribution of cases to COVID-19 case fatality across countries:
a 9-country demographic study. Ann Intern Med. 2020;22:M20-2973.
Strzelak A, Ratajczak A, Adamiec A, Feleszko W. Tobacco smoke induces
and alters immune responses in the lung triggering inflammation, allergy,
asthma and other lung diseases: a mechanistic review. Int J Environ Res
Public Health. 2018. https://doi.org/10.3390/ijerph15051033.

Arcavi L, Benowitz NL. Cigarette smoking and infection. Arch Intern Med.
2004;164:2206-16.

Vardavas Cl, Nikitara K. COVID-19 and smoking: a systematic review of the
evidence. Tob Induc Dis. 2020;18:20.

Gupta S, Hayek SS, Wang W, Chan L, Mathews KS, Melamed ML, Brenner
SK, Leonberg-Yoo A, Schenck EJ, Radbel J, et al. Factors associated with
death in critically Il patients with coronavirus disease in the US. JAMA
Intern Med. 2019;2020:15.

Huang C,Wang Y, Li X, Ren L, Zhao J, Hu'Y, Zhang L, Fan G, Xu J, Gu X,

et al. Clinical features of patients infected with 2019 novel coronavirus in
Wuhan China. Lancet. 2020;395:497-506.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, Liu Y, Wei

Y, et al. Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive study.
Lancet. 2020;395:507-13.

Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, Xiao W, Wang YN, Zhong
MH, Li CH, et al. Clinical characteristics of novel coronavirus cases in
tertiary hospitals in Hubei Province. Chin Med J (Engl). 2020;133:1025-31.
Xu XW, Wu XX, Jiang XG, Xu KJ, Ying LJ, Ma CL, Li SB, Wang HY, Zhang S,
Gao HN, et al. Clinical findings in a group of patients infected with the
2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China: retrospec-
tive case series. BMJ. 2020;368:m606.

Guan WJ, Liang WH, Zhao Y, Liang HR, Chen ZS, Li YM, Liu XQ, Chen RC,
Tang CL, Wang T, et al. Comorbidity and its impact on 1590 patients with
COVID-19 in China: a nationwide analysis. Eur Respir J. 2020. https://doi.
0rg/10.1183/13993003.01227-2020.

Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, Shi J, Zhou M, Wu B, Yang Z, et al.
Risk factors for severity and mortality in adult COVID-19 inpatients in
Wuhan. J Allergy Clin Immunol. 2020;146:110-8.

Yang X, Yu'Y, Xu J, Shu H, Xia J, Liu H, WuY, Zhang L, Yu Z, Fang M, et al.
Clinical course and outcomes of critically ill patients with SARS-CoV-2


https://doi.org/10.3390/ijerph15051033
https://doi.org/10.1183/13993003.01227-2020
https://doi.org/10.1183/13993003.01227-2020

Lohia et al. Respir Res

27.

28.

29.

30.

31.

32.

33.

34.

35.

(2021) 22:37

pneumonia in Wuhan, China: a single-centered, retrospective, observa-
tional study. Lancet Respir Med. 2020;8:475-81.

Wu C, Chen X, CaiY, Xia J, Zhou X, Xu S, Huang H, Zhang L, Du C, Zhang Y,
et al. Risk factors associated with acute respiratory distress syndrome and
death in patients with coronavirus disease 2019 pneumonia in Wuhan
China. JAMA Intern Med. 2020;180:1-11.

Grasselli G, Greco M, Zanella A, Albano G, Antonelli M, Bellani G,
Bonanomi E, Cabrini L, Carlesso E, Castelli G, et al. Risk factors associated
with mortality among patients with COVID-19 in intensive care units in
Lombardy Italy. JAMA Intern Med. 2020;180:1345-55.

Hussain A, Mahawar K, Xia Z, Yang W, El-Hasani S. Obesity and mortality of
COVID-19 meta-analysis. Obes Res Clin Pract. 2020;14:295-300.

Tartof SY, Qian L, Hong V, Wei R, Nadjafi RF, Fischer H, Li Z, Shaw SF, Capa-
rosa SL, Nau CL, et al. Obesity and mortality among patients diagnosed
with COVID-19: results from an integrated health care organization. Ann
Intern Med. 2020;12:M20-3742.

Cade BE, Dashti HS, Hassan SM, Redline S, Karlson EW. Sleep apnea and
COVID-19 mortality and hospitalization. Am J Respir Crit Care Med. 2020.
https://doi.org/10.1164/rccm.202006-2252LE.

Maas MB, Kim M, Malkani RG, Abbott SM, Zee PC. Obstructive sleep
apnea and risk of COVID-19 infection hospitalization and respiratory
failure. Sleep Breath. 2020;29:1-3.

Cariou B, Hadjadj S, Wargny M, Pichelin M, Al-Salameh A, Allix I, Amadou
C, Arnault G, Baudoux F, Bauduceau B, et al. Phenotypic characteristics
and prognosis of inpatients with COVID-19 and diabetes: the CORO-
NADO study. Diabetologia. 2020;63:1500-15.

Miller MA, Cappuccio FP. A systematic review of COVID-19 and obstruc-
tive sleep apnoea. Sleep Med Rev. 2020;55:101382.

Killerby ME, Link-Gelles R, Haight SC, Schrodt CA, England L, Gomes

DJ, Shamout M, Pettrone K, O'Laughlin K, Kimball A, et al. Char-
acteristics associated with hospitalization among patients with

36.

37.

38.

39.

40.

41.

42.

Page 9 of 9

COVID-19—Metropolitan Atlanta, Georgia, March-April 2020. MMWR
Morb Mortal Wkly Rep. 2020,69:790-4.

Gaiha SM, Cheng J, Halpern-Felsher B. Association between youth smok-
ing, electronic cigarette use, and coronavirus disease 2019. J Adolesc
Health. 2020. https://doi.org/10.1016/jjadohealth.2020.07.002.

Leung JM, Yang CX, Tam A, Shaipanich T, Hackett TL, Singhera GK,
Dorscheid DR, Sin DD. ACE-2 expression in the small airway epithelia

of smokers and COPD patients: implications for COVID-19. Eur Respir J.
2020;200:e70.

Berlin I, Thomas D, Le Faou AL, Cornuz J. COVID-19 and smoking. Nicotine
Tob Res. 2020. https://doi.org/10.1093/ntr/ntaa059.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B,
Huang CL, et al. A pneumonia outbreak associated with a new coronavi-
rus of probable bat origin. Nature. 2020;579:270-3.

Anguiano L, Riera M, Pascual J, Soler MJ. Circulating ACE2 in cardiovascu-
lar and kidney diseases. Curr Med Chem. 2017;24:3231-41.

Hoffmann M, Kleine-Weber H, Schroeder S, Krtiger N, Herrler T, Erichsen
S, Schiergens TS, Herrler G, Wu NH, Nitsche A, et al. SARS-CoV-2 cell entry
depends on ACE2 and TMPRSS2 and is blocked by a clinically proven
protease inhibitor. Cell. 2020;181(271-280).e278.

Karanasos A, Aznaouridis K, Latsios G, Synetos A, Plitaria S, Tousoulis D,
Toutouzas K. Impact of smoking status on disease severity and mortality
of hospitalized patients with COVID-19 infection: a systematic review and
meta-analysis. Nicotine Tob Res. 2020. https://doi.org/10.1093/ntr/ntaal
07.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1164/rccm.202006-2252LE
https://doi.org/10.1016/j.jadohealth.2020.07.002
https://doi.org/10.1093/ntr/ntaa059
https://doi.org/10.1093/ntr/ntaa107
https://doi.org/10.1093/ntr/ntaa107

	Preexisting respiratory diseases and clinical outcomes in COVID-19: a multihospital cohort study on predominantly African American population
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design
	Study site and patient population
	Data collection
	Outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Clinical course
	Preexisting respiratory disease and severe disease outcomes
	Type of preexisting respiratory disease and severe disease outcomes
	Smoking and severe disease outcomes

	Discussion
	Conclusion
	Acknowledgements
	References


