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Abstract: Together, chronic obstructive pulmonary disease (COPD) and asthma account for the
most common non-infectious respiratory pathologies. Conflicting preliminary studies have shown
varied effect for COPD and asthma as prognostic factors for mortality in coronavirus disease 2019
(COVID-19). The aim of this study was to explore the association of COPD and asthma with in-
hospital mortality in patients with COVID-19 by systematically reviewing and synthesizing with
a meta-analysis the available observational studies. MEDLINE, Scopus, and medRxiv databases
were reviewed. A random-effects model meta-analysis was used, and I-square was utilized to
assess for heterogeneity. In-hospital mortality was defined as the primary endpoint. Sensitivity and
meta-regression analyses were performed. Thirty studies with 21,309 patients were included in this
meta-analysis (1465 with COPD and 633 with asthma). Hospitalized COVID-19 patients with COPD
had higher risk of death compared to those without COPD (OR: 2.29; 95% CI: 1.79–2.93; I2 59.6%).
No significant difference in in-hospital mortality was seen in patients with and without asthma (OR:
0.87; 95% CI: 0.68–1.10; I2 0.0%). The likelihood of death was significantly higher in patients with
COPD that were hospitalized with COVID-19 compared to patients without COPD. Further studies
are needed to assess whether this association is independent or not. No significant difference was
demonstrated in COVID-19-related mortality between patients with and without asthma.

Keywords: chronic obstructive pulmonary disease (COPD); asthma; COVID-19; meta-analysis; mor-
tality

1. Introduction

Together, chronic obstructive pulmonary disease (COPD) and asthma account for the
most common non-infectious respiratory pathologies [1–3]. COPD represents the fourth
cause of death in the world and is characterized by an irreversible airway obstruction
caused by a mix of airway inflammation and parenchymal destruction. This happens
commonly after exposure to particles or gases, most commonly associated with smoking [4].
The World Health Organization (WHO) estimates a worldwide prevalence of COPD at
about 265 million people, and the general prevalence of moderate to severe COPD in
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65 million people [1]. Asthma is characterized by chronic airway inflammation that causes
reversible obstruction of airflow [5]. The WHO estimates that approximately 339 million
people live with asthma worldwide, and that almost 500,000 yearly deaths can be attributed
to asthma [1].

Respiratory viral infections are an important cause of asthma and COPD exacerba-
tions [6–8]. Coronaviruses are frequently listed as pathogens found in the airway of COPD
patients during exacerbations [9–11]. In a systematic review involving 1728 patients, coron-
aviruses were found in 4% of patients with COPD exacerbations [12]. Likewise, coronavirus
infections seem to be involved in 2 to 8% of acute asthma exacerbations [13–17].

Coronavirus Disease 2019 (COVID-19), a disease caused by infection with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), reached the level of pandemic rapidly
and caused almost 3 million deaths worldwide within a year (WHO) [18]. Given the facts
that COPD and asthma have high prevalence and morbidity and COVID-19 has mainly
manifestations from the respiratory system, we hypothesized that patients with COPD
and Asthma are at increased risk of death when hospitalized due to COVID-19. Thus, we
aimed to systematically review and synthesize with a meta-analysis of available studies
the mortality effect of asthma and COPD among hospitalized patients with COVID-19.

2. Materials and Methods

This systematic review and meta-analysis was performed following Preferred Report-
ing Items for Systematic reviews and Meta-analysis (PRISMA) guidelines (Appendix A
Table A1) [19].

2.1. Literature Search

We conducted a systematic literature search of Medline (U.S. National Library of
Medicine, Bethesda, MD, USA), Scopus (Elsevier, Amsterdam, Netherlands) and medRxiv
databases (Cold Spring Harbor Laboratory, Suffolk, NY, USA) up to 12 June 2020. We
looked for observational studies providing any association between COPD and/or asthma
and mortality in hospitalized patients with COVID-19. Two investigators (FRV and MH)
independently searched for eligible studies in all databases with manual review of all data
points. In cases where there was a disagreement regarding the eligibility of a study, a third
investigator (LP) was involved for consensus to be reached.

The search algorithm used to perform our search in Medline was: “COVID-19 AND
(mortality OR death OR outcome OR risk OR prognostic OR prognosis) AND (retrospective
OR prospective OR cross-sectional OR observational OR original).” Similar algorithms
were used in the other two databases.

The inclusion criteria were: (i) studies with adult patients hospitalized for COVID-19
and (ii) studies that provided association between COPD and/or asthma and mortality
by means of frequencies, odds ratio (OR), or relative risk (RR). There was no language
restriction in terms of paper selection. Exclusion criteria were: (i) duplicated or overlapping
patient populations and (ii) studies that with less than forty patients. For duplicate or
overlapping populations, studies with the larger sample size were included.

2.2. Data Extraction and Outcomes

Two independent investigators (F.M.R. and M.H.-M.), who were blinded to each other,
extracted and recorded in pre-defined sheet form all relevant information from the eligible
studies. The following data were extracted: author, study area and design, hospital location,
follow-up period, SARS-CoV-2 diagnostic method, sample size, age, sex, race/ethnicity,
baseline comorbidities: coronary artery disease (CAD), heart failure, chronic kidney disease
(CKD), dyslipidemia, cerebrovascular accident (CVA) or stroke, diabetes, obesity, chronic
obstructive pulmonary disease (COPD), asthma, smoking history, and malignancy history.
The primary outcome was in-hospital mortality. The secondary outcomes were need for
intubation; admission to an intensive care unit (ICU); and mortality of patients admitted
to ICU.
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2.3. Risk of Bias Assessment

Risk of bias was assessed by two independent reviewers (F.M.R. and M.H.-M.) using
the Quality in Prognosis Studies (QUIPS) tool [20]. Studies were assessed as having low,
moderate, serious, or critical risk of bias for the following domains: study participation,
study attrition, prognostic factor measurement, confounding measurement and account,
outcome measurement, analysis, and reporting.

2.4. Statistical Analysis

We estimated the odds ratios (ORs) and their respective 95% confidence intervals
(CI) for all the individual studies. A meta-analysis using the random effects model was
performed using the DerSimonian and Laird method [21]. I-squared test was used to
assess for heterogeneity for each outcome among trials. Values < 25% indicated low,
25% to 70% moderate, and >70% high heterogeneity [21]. Publication bias was reviewed
with The Egger test and funnel plots. Sensitivity analyses were performed based on
the location of the studies. Sensitivity analysis was also performed for the studies that
included only general patient population and the studies that provided adjusted effect
size estimates. Meta-regression analyses were performed for important covariates and
the outcome of mortality to address high heterogeneity among included studies [21]. We
defined a statistical significance level of 5% with 95% Confidence Interval. All Statistical
analysis was performed with Stata 14.1 (Stata Corp., College Station, TX, USA).

3. Results
3.1. Search Results

A total of 1595 studies were screened; only thirty observational studies met the final
inclusion criteria in the analysis (Figure 1; Table A1) [22–51]. Main study characteristics of
COPD and asthma analysis cohorts are abridged in Table 1. Globally, low risk of bias was
found (Figure 2). Nine studies were conducted in Asia, seven in the United States, one in
Latin America and thirteen in Europe.

3.2. Patient Characteristics and Primary Events

A total of 21,309 patients were included; 1465 with COPD and 633 with asthma
(Table 2). The mean and/or median age was above 60 years in seventeen studies. In only
six studies women accounted for more than 50% of the population. Studies reporting
results in event rates found, overall: frequency of death events in patient with COPD
was 34.6% (312/903) compared to 18.4% (2991/16,240) in the non-COPD group; overall
frequency of death events in patients with history of asthma was 20.7% (68/329) compared
to 27.2% (2253/8293) in non-asthma group (four out of 23 studies for COPD and two out
of seven for asthma studies did not provide the number of death events in the groups of
interest; instead, effect size estimates were provided).

3.3. COPD vs. Non-COPD

23 studies (n = 19,147) were included in the analysis for the outcome of in-hospital
mortality. We found that hospitalized COVID-19 patients with COPD had higher risk of
death compared to those without COPD but with moderate overall heterogeneity (OR: 2.29;
95% CI: 1.79–2.93; I2 59.6%; Figure 3).
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Table 1. Characteristics of the included studies. COPD and Asthma analysis cohorts.

Study Location Design Enrollment
Start #

Enrollment
End # COPD Asthma Sample Size

Auld [47] USA Retrospective 6 March 17 April Y Y 217
Borobia [48] Spain Retrospective 25 February 5 April Y Y 2226
Cariou [49] France Retrospective 10 March 31 March Y N 1317
Covino [22] Italy Retrospective 1 March 31 March Y N 69

Foy [38] USA Retrospective 4 March 28 April Y N 1198
Gao [43] China Retrospective 1 March 13 March Y N 2877

Huang [44] China Retrospective 25 January 24 March Y N 299
Imam [31] USA Retrospective 1 March 17 April Y Y 1305

Javanian [41] Iran Retrospective 25 February 12 March Y N 100
Lee [29] UK Prospective 18 March 26 April Y N 800
Li [39] China Retrospective 10 January 22 February Y N 93

Liu [40] China Retrospective 1 January 29 February Y N 245
Murillo-Zamora [50] Mexico Retrospective 4 March 5 May Y Y 5393

Nowak [32] Poland Retrospective 16 March 7 April Y N 169
Okoh [33] USA Retrospective 10 March 10 April Y N 251
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Table 1. Cont.

Study Location Design Enrollment
Start #

Enrollment
End # COPD Asthma Sample Size

Palaiodimos [34] USA Retrospective 9 March 22 March Y Y 200
Russo [36] Italy Prospective February April Y N 192
Satici [28] Turkey Retrospective 2 April 1 May Y Y 681

Shahriarirad [26] Iran Retrospective 20 February 20 March Y Y 113
Tambe [25] India Cross-sectional 31 March 24 April Y N 197
Tanoira [37] Spain Retrospective 3 March 16 March Y N 311

Xu [46] China Retrospective 10 January 13 March Y N 703
Zhou [42] China Retrospective 19 December 31 January Y N 191

Argenziano * [30] USA Retrospective 1 March 5 April Y Y 850
De la Rica [23] Spain Retrospective 15 March 31 March Y N 48
Israelsen [51] Denmark Retrospective 10 March 23 April Y Y 175
Rentsch [35] USA Retrospective 8 February 30 March Y N 585

Urra [45] Spain Retrospective 1 March 15 April Y N 172
Di Bella [24] Italy Prospective 25 March 7 April Y N 132
Regina [27] Switzerland Retrospective 1 March 25 March Y N 200

Notes: * only the subset of hospitalized patients was included for analysis. # Year 2020. Abbreviations: USA = United States of America,
UK = United Kingdom, COPD = chronic obstructive pulmonary disease, Y = Yes, N = No.
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Table 2. Baseline characteristics of patients per included studies. Described in absolute and relative frequencies.

Study Age Female
n (%)

Diabetes
n (%)

Hypertension
n (%)

CAD
n (%)

Heart Failure
n (%)

CKD
n (%)

CVA
n (%)

Smoking
n (%)

Malignancy
n (%)

COPD
n (%)

Asthma
n (%)

Auld [47] 64 (54–73) b 98 (45.2) 99 (45.4) 134 (61.7) 31 (14.3) 41 (18.9) 58 (26.7) NA NA NA 21 (9.7) 19 (8.8)
Borobia [48] 61 (46–78) b 1152 (51.8) 381 (17.1) 920 (41.3) NA NA 174 (7.8) NA 157 (7.1) 133 (6.0) 153 (6.9) 115 (5.2)
Cariou [49] 69.8 (13) a 462 (35.1) NA 1003 (76.1) 336 (25.5) 140 (10.6) 60 (4.5) 163 (12.4) 447 (33.9) NA 133 (10.1) NA
Covino [22] 84 (82–89 ) d 32 (46.4) 9 (13.0) 41 (59.4) 21 (30.4) 21 (30.4) NA 20 (29.0%) NA 3 (4.3) 7 (10.1) NA

Foy [38] NA 534 (44.8) NA NA NA NA NA NA NA NA 273 (22.8) NA
Gao [43] NA NA 387 (13.6) 850 (29.5) 295 (10.25) 23 (0.8) 29 (1.0) 52 (1.8) 190 (6.6) 49 (1.7) 31 (1.1) NA

Huang [44] 53.4 (16.7) a 139 (46.5) 35 (11.7) 74 (24.7) 18 (6) NA NA 13 (4.3) 48 (16.1) 9 (3.0) 8 (2.6) NA
Imam [31] 61.0 (16.3) a 603 (46.2) 393 (30.1) 734 (56.2) 208 (15.9) 75 (5.7) 228 (17.5) 95 (7.3) 356 (27.3) 83 (6.4) 107 (8.2) 115 (8.8)

Javanian [41] 60.12 (13.87) b 49 (49) 34 (34.0) 31 (31.0) 22 (22.0) NA 11 (11.0) 3 (3.0) NA 4 (4.0) 12 (12.0) NA
Lee [29] 69 (59.0–76.0) b 349 (43.6) 131 (16.4) 247 (30.9) NA NA NA NA NA 800 (100) 61 (7.6) NA
Li [39] 51 (17.5) a 52 (55.9) 11 (11.8) 5 (5.4) 4 (4.3) NA NA NA NA 4 (4.3) 8 (8.6) NA

Liu [40] 53.95 (16.9) a 131 (53.5) 23 (9.4) 52 (21.2) 18 (7.3) NA NA NA 10 (4.01) 9 (3.7%) 8 (3.3) NA
Murillo-
Zamora

[50]
NA 1,961 (36.4) 1,677 (31.1) 1,973 (36.6) NA NA 299 (5.5) NA NA NA 273 (5.1) 146 (2.7)

Nowak [32] 63.7 (19.6) a 82 (48.5) 32 (18.9) 80 (47.3) 52 (30.8) NA 35 (20.7) 58 (34.3) NA 35 (20.7) 22 (13.3) NA
Okoh [33] 62 (49–74) b 122(48.6) 115 (45.8) 175 (69.7) 49 (19.5) 50 (19.9) 46 (18.3) 28 (11.1) NA 22 (8.7) 23 (9.2) NA

Palaiodimos
[34] 64 (50.0–73.5) b 102 (51.0) 79 (39.5) 152 (76.0) 33 (16.5) 34 (17.0) 41 (20.5) 22 (11.0) NA 11 (5.5) 28 (14.0) 27 (13.5)

Russo [36] 67.7 (15.2) a 77 (40.1) 42 (21.9) 111 (57.8) 26 (13.5) 20 (10.4) 12 (6.3) 16 (8.3) 16 (8..0) NA 26 (13.5) NA
Satici [28] 56.9 (15.7) a 334 (49.0) 191 (28.0) 234 (34.4) 62 (9.1) 19 (2.8) 24 (3.5) NA NA 9 (1.3) 28 (4.1) 43 (6.3)

Shahriarirad
[26] 53.75 (16.58) a 42 (37.2) 16 (14.2) 22 (19.5) 16 (14.2) NA 6 (5.3) NA NA 1 (0.9) 9 (7.9) 7 (6.2)

Tambe [25] 45.8 (17.3) a 107 (54.5) 42 (21.3) 60 (30.5) 4 (2.0) NA 2 (1.0) NA NA NA 10 (5.1) NA
Tanoira [37] NA NA NA NA NA NA NA NA NA NA NA NA

Xu [46] 46.1 (15.2) a 321(45.6) 64(9.1) NA 35 (5.0) NA 10(1.4) NA NA 9(1.3) 13 (1.8) NA
Zhou [42] 56·0 (46–67) b 72 (37.7) 36 (18.8) 58 (30.4) 15 (7.9) NA 2 (1.0) NA 11 (5.8) 2 (1.0) 6 (3.1) NA

Argenziano
[30]

63.0 (50.0–75.0)
b 339 (39.9) 333 (39.2) 525 (61.8%) 115 (13.5) 91 (10.7) 125 (14.7) 72 (8.5) 198 (23.3) 63 (7.4) 56 (6.6) 88 (10.4)

De la Rica [23] 65.98 (13.9) a 16 (33.3) 11 (22.9) 33 (68.8) 14 (29.2) NA 8 (16.7) NA 10 (20.8) 10 (20.8) 5 (10.4) NA
Israelsen [51] 71 (55–81) b 90 (51,4) 46 (26.3) 73 (41.7) 90 (51.4) NA NA NA 63 (36.0) NA 11 (6.3) 20 (11.4)

Rentsch [35] 66.1 (60.4–71.0)
b 27 (4.6) 260 (44.4) 423 (72.3) 163 (27.3) NA NA NA 338 (57.8) 83 (14.2) 90 (15.4) 45 (7.7)

Urra [45] NA 68 (39.5) 39 (22.7) 87 (50.6) 28(16.3) NA NA NA NA NA 17 (9.9) NA
Di Bella [24] 66 (55–75.8) b 42 (31.8) 33 (25.0) 55 (41.7) 24 (18.2) NA NA NA 12 (9.1) NA 10 (7.6) NA
Regina [27] 70 (55–81) b 80 (40.0) 43 (21.5) 87 (43.5) 35 (17.5) NA 28 (14.0) 21 (10.5) NA NA 16 (8.0) 8 (4.0)

Notes: a. mean ± SD, b. median (IQR). Abbreviations: CAD = coronary artery disease, CKD = chronic kidney disease, CVA = cerebrovascular accident, COPD = chronic obstructive, SD = standard deviation, IQR
= interquartile range, NA = non-available.
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A sensitivity analysis was conducted for studies from Europe (n = 7), America (n = 6),
and Asia (n = 10). Similar to the overall analysis, our sensitivity analysis for studies
conducted in Europe revealed a higher risk of death among patients with COPD compared
to those without COPD (OR: 1.84; 95% CI: 1.29–2.62; I2 63.7%, Figure 3). We found similar
association for the studies from in America with low heterogeneity (OR: 1.94; 95% CI:
1.50–2.52; I2 25.0%, Figure 3) and among studies conducted in Asia (OR: 4.35; 95% CI:
2.39–7.62; I2 39.7%, Figure 3).

Another sensitivity analysis was conducted for studies that included general patient
population (Studies: 18, n = 16,493). Five studies that included a pre-specified special
population (e.g., only critically ill patients, only diabetics, only patients with cancer, only a
specific age or racial group) were excluded for this analysis. This analysis demonstrated
a similar association between COPD and increased risk for in-hospital death (OR: 2.74;
95% CI: 2.04–3.68; I2 64.1%, Figure 4).

Only one study that reported results on the secondary outcome of ICU mortality was
included, therefore meta-analysis was not relevant.

Six studies (n = 4056) were included for secondary outcome analysis of admission
to an ICU. COPD patients were not associated with a higher risk of admission to ICU
compared to patients without COPD, but a trend was noted (OR: 1.39; 95% CI: 0.79–2.44;
I2 57.5%; Figure 5).
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Finally, only three studies (n = 532) were included in secondary outcome analysis
regarding Intubation. Patients with COPD were found to be associated with a higher risk
of intubation compared to patients without COPD (OR: 2.03; 95% CI: 1.09–3.80; I2 0.00%;
Figure 6).
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3.4. Asthma vs. Non-Asthma

Seven studies (n = 10,136) were included in the secondary outcomes analysis for
In-hospital mortality. Asthma patients were not associated with a higher risk of death
compared to patients without asthma; the heterogeneity was low (OR: 0.87; 95% CI:
0.68–1.10; I2 0.0%; Figure 7).
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A sensitivity analysis was conducted for studies that were performed in Europe (n = 1),
America (n = 4), and Asia (n = 2). Similarly, to the overall analysis, the sensitivity analysis



J. Clin. Med. 2021, 10, 2087 10 of 18

based on the continent that the study was conducted revealed no significant association
between asthma and in-hospital mortality (Figure 7).

Another sensitivity analysis was conducted for studies that included general patient
population (Studies: 6, n = 9918). One study that included a pre-specified special popu-
lation (only critically ill patients) was excluded for this analysis. Similarly, this analysis
demonstrated no association between asthma and risk for in-hospital death (OR: 0.87; 95%
CI: 0.66–1.14; I2 0.0%, Figure 8).
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3.5. Quality Assessment and Heterogeneity

Eggers’s test and funnel plots were used to assess for publication bias. Visual assess-
ment of the funnel plot was not suggestive for publication bias (Figure A1). Egger test for
potential publication bias in a meta-analysis via funnel plot asymmetry was not indicative
of publication bias (p = 0.388).

Meta-regression analysis was performed based on several major covariates (age:
p = 0.838, female sex: p = 0.330, hypertension: p = 0.743, coronary artery disease: p = 0.387,
heart failure: p = 0.568, chronic kidney disease: p = 0.979, diabetes: p = 0.924 and malignancy
history: p = 0.688). No significant interactions were found between the covariates and the
outcome of mortality. The results of the meta-regression are found in Table 3.
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Table 3. Results of the meta-regression analyses.

COPD Asthma

Variables Coefficient Standard Error p-Value Coefficient Standard Error p-Value

Age −0.009 0.006 0.146 0.040 0.175 0.835
Female 0.031 0.013 0.037 −0.026 0.024 0.330
HTN −0.012 0.008 0.114 −0.004 0.013 0.743
CAD −0.006 0.014 0.648 0.149 0.148 0.387
HF −0.016 0.027 0.584 −0.033 0.049 0.568

CKD −0.015 0.022 0.489 0.001 0.023 0.979
Diabetes −0.026 0.011 0.023 0.002 0.019 0.924

Malignacy −0.005 0.005 0.316 0.077 0.173 0.688
CVA −0.019 0.021 0.371

Smoking −0.026 0.013 0.108

Abbreviations: HTN = hypertension, CAD = coronary artery disease, HF = heart failure, CKD = chronic kidney disease, CVA = cerebrovas-
cular accident. Note: Meta-regression is a meta-analytic tool to examine the impact of moderator variables on study effect size. It cannot be
used to evaluate the association of moderator variables with the outcome of interest.

4. Discussion

Our study was a systematic review and meta-analysis of observational studies ex-
ploring the association between COPD and asthma with mortality in adult hospitalized
patients with COVID-19. The findings of our study are: (i) overall, death was more likely to
occur in inpatients with COPD compared with patients without COPD (moderate hetero-
geneity); (ii) no significant association between history of asthma and in-hospital mortality
was revealed.

4.1. COPD and Mortality in Patients with COVID-19

Our findings are consistent with the results of an early review that included a total
of 2473 patients from studies conducted only in Asia published until late March 2020 [52].
COPD patients were found to have an 88% higher risk of severe disease and 60% higher
mortality compared to patients without COPD [52]. Conversely, other larger observational
studies have revealed no association of COPD with worse outcomes. Petrilli et al. reported
no association between history of COPD and development of critical illness in a cohort of
more than 5729 patients from New York [53]. Similarly, a recently published retrospective
study of 6916 from California demonstrated no association between history of COPD and
in-hospital mortality [54]. Given the heterogeneity of the results across the literature, our
meta-analysis attempted to answer this significant question by utilizing a total sample of
19,147 patients across continents.

Seasonal influenza and bacterial pneumonia have been clearly linked to worse out-
comes and increased mortality in patients with COPD [55–58]. On the other hand, the
reports regarding the impact of COPD in patients with H1N1 Influenza were contradic-
tory [59–64]. Although SARS-CoV and SARS-CoV-2 share 79.6% of their genome, COPD as
a comorbidity was underreported during the SARS epidemic of 2003 caused by SARS-CoV,
making the comparison difficult [42,65–74].

The higher mortality noted in patients with COPD in our study could be related to
smoking, which is considered to be a potential up-regulator of the Angiotensin Converting
Enzyme-2 (ACE2) receptor, the adhesion site for the SARS-CoV-2 virus. This hypothesis
has been contested [75–79]. COPD has genotypic and phenotypic findings that makes it the
prime disease for SARS-CoV-2 targeting. In 2015, Kim et al. showed genes associated with
ACE2 level expression were more likely to be found in COPD patients [80], and this has
been confirmed by other research groups even in non-smoking COPD patients [76,81,82].
The pathophysiology is presumed to be linked to inflammatory signaling secondary to
smoking and to ACE2 expression upregulation in secretory cells expressing ACE2 [82–84].
Another possible explanation into why we found patients with COPD to have higher
mortality in COVID19 is because they are general sicker than the general population. More
so, patients with COPD have more comorbidities than the general population or patients
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with other chronic diseases [85]; with two to five times higher risk of ischemic heart disease,
cardiac dysrhythmia, heart failure, diseases of the pulmonary circulation, and diseases of
the arteries [86].

4.2. Asthma and Mortality in Patients with COVID-19

Patient with asthma facing an upper respiratory illness would be expected to have
a higher risk for a worse outcome when compared to healthy individuals [87]. In the
present analysis patients with a history of asthma were not found to have increased in-
hospital mortality. Several recent large cohort studies of asthma patients confirm our
findings [88–91].

Adults with asthma are at increased risk of invasive pneumococcal infections [92,93],
Bacterial pneumonias have been associated with asthma exacerbations but not necessarily
with increased mortality [94]. Correspondingly, viral respiratory infections have been
linked with acute asthma exacerbations [95,96]. Seasonal influenza increased the risk of
acute asthma exacerbation in elderly patients, but, similarly to our findings, no reports have
clearly showed increased mortality [97–100]. Likewise, during the 2009 H1N1 pandemic
adult asthmatics were not found to be at higher risk of worse outcomes [4,55,59,101–103].

Asthma has been shown to have decreased ACE2 expression in murine models [104].
Different asthma phenotypes could have different interactions with the COVID-19 virus:
patients with low peripheral blood eosinophils have increased ACE2 expression [105], while
ACE2 expression is downregulated in patients with chronic history of respiratory allergies
by interleukin modulation [106,107]. This decreased expression of ACE2 throughout the
body could explain why asthmatic patients had in general better outcomes than patients
with COPD.

4.3. Strengths and Limitations

The main strengths of our study are its strict methodology, robust analysis, and large
number of included studies and overall patient sample size. Three continents and most of
the countries that had high COVID-19 incidence at the time of the analysis were represented.
Sensitivity and meta-regression analyses were performed. The main limitations of our
study are the observational nature of the primary studies and the lack of spirometry data
confirming the diagnosis of obstructive lung disease. COPD is often underdiagnosed in the
general population [108]. Another important limitation is the lack of data on the severity of
COPD and asthma; thus, we could not estimate the associations of well-controlled versus
poorly controlled obstructive lung disease with in-hospital mortality. A patient-level meta-
analysis would be needed to assess this particularly important parameter. Moreover, our
meta-analysis was limited by moderate heterogeneity, which we tried to rectify by using a
random-effects model and performing sensitivity and meta-regression analyses. Important
to note, different experimental treatment regimens of COVID-19 across continents may
have affected general overall mortality as well as health-care access and level of care to
these treatments. Finally, several observational studies have been published after we
completed this meta-analysis. However, our study included a large number of studies
and patients from different parts of the world, and it is unlikely that the inclusion of the
additional recent studies would change our results.

5. Conclusions

In conclusion, this systematic review and meta-analysis showed that patients with
history of COPD who were hospitalized with COVID-19 were associated with higher in-
hospital mortality. Further prospective studies are needed to assess whether this association
is independent or not. In contrast, asthmatic patients with COVID-19 were not found to be
associated with higher mortality.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10102087/s1, Table S1: PRSIMA Checklist.
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A.; et al. Clinical characteristics and short-term outcomes of coronavirus disease 2019: Retrospective, single-center experience of
designated hospital in Poland. Pol. Arch. Intern. Med. 2020, 130, 407–411. [CrossRef]

33. Okoh, A.K.; Sossou, C.; Dangayach, N.S.; Meledathu, S.; Phillips, O.; Raczek, C.; Patti, M.; Kang, N.; Hirji, S.A.; Cathcart, C.; et al.
Coronavirus disease 19 in minority populations of Newark, New Jersey. Int. J. Equity Health 2020, 19, 93. [CrossRef] [PubMed]

34. Palaiodimos, L.; Kokkinidis, D.G.; Li, W.; Karamanis, D.; Ognibene, J.; Arora, S.; Southern, W.N.; Mantzoros, C.S. Severe obesity,
increasing age and male sex are independently associated with worse in-hospital outcomes, and higher in-hospital mortality, in a
cohort of patients with COVID-19 in the Bronx, New York. Metabilism 2020, 108, 154262. [CrossRef]

35. Rentsch, C.T.; Kidwai-Khan, F.; Tate, J.P.; Park, L.S.; King, J.T., Jr.; Skanderson, M.; Hauser, R.G.; Schultze, A.; Jarvis, C.I.;
Ho-lodniy, M.; et al. Covid-19 Testing, Hospital Admission, and Intensive Care among 2,026,227 United States Veterans Aged
54-75 Years. medRxiv 2020. [CrossRef]

36. Russo, V.; Di Maio, M.; Attena, E.; Silverio, A.; Scudiero, F.; Celentani, D.; Lodigiani, C.; Di Micco, P. Clinical impact of pre-
admission antithrombotic therapy in hospitalized patients with COVID-19: A multicenter observational study. Pharmacol. Res.
2020, 159, 104965. [CrossRef] [PubMed]

37. Pérez-Tanoira, R.; Pérez-García, F.; Romanyk, J.; Gómez-Herruz, P.; Arroyo, T.; González, R.; García, L.L.; Expósito, C.V.; Moreno,
J.S.; Gutiérrez, I.; et al. Prevalence and risk factors for mortality related to COVID-19 in a severely affected area of Madrid, Spain.
medRxiv 2020. [CrossRef]

38. Foy, B.H.; Carlson, J.C.; Reinertsen, E.; Valls, R.P.; Lopez, R.P.; Palanques-Tost, E.; Mow, C.; Westover, M.B.; Aguirre, A.D.; Higgins,
J.M. Elevated RDW is Associated with Increased Mortality Risk in COVID-19. medRxiv 2020. [CrossRef]

39. Li, L.; Yang, L.; Gui, S.; Pan, F.; Ye, T.; Liang, B.; Hu, Y.; Zheng, C. Association of clinical and radiographic findings with the
outcomes of 93 patients with COVID-19 in Wuhan, China. Theranostics 2020, 10, 6113–6121. [CrossRef]

40. Liu, Y.; Du, X.; Chen, J.; Jin, Y.; Peng, L.; Wang, H.H.; Luo, M.; Chen, L.; Zhao, Y. Neutrophil-to-lymphocyte ratio as an independent
risk factor for mortality in hospitalized patients with COVID-19. J. Infect. 2020, 81, e6–e12. [CrossRef]

41. Javanian, M.; Bayani, M.; Shokri, M.; Sadeghi-Haddad-Zavareh, M.; Babazadeh, A.; Yeganeh, B.; Mohseni, S.; Mehraein, R.;
Sepidarkish, M.; Bijani, A.; et al. Clinical and laboratory findings from patients with COVID-19 pneumonia in Babol North of
Iran: A retrospective cohort study. Roman. J. Intern. Med. 2020, 58, 161–167. [CrossRef]

42. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; 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, 1054–1062.
[CrossRef]

43. Gao, C.; Cai, Y.; Zhang, K.; Zhou, L.; Zhang, Y.; Zhang, X.; Li, Q.; Li, W.; Yang, S.; Zhao, X.; et al. Association of hypertension
and antihypertensive treatment with COVID-19 mortality: A retrospective observational study. Eur. Hear. J. 2020, 41, 2058–2066.
[CrossRef]

44. Huang, J.; Cheng, A.; Kumar, R.; Fang, Y.; Chen, G.; Zhu, Y.; Lin, S. Hypoalbuminemia predicts the outcome of COVID-19
independent of age and co-morbidity. J. Med. Virol. 2020, 92, 2152–2158. [CrossRef] [PubMed]

45. Urra, J.; Cabrera, C.; Porras, L.; Ródenas, I. Selective CD8 cell reduction by SARS-CoV-2 is associated with a worse prognosis and
systemic inflammation in COVID-19 patients. Clin. Immunol. 2020, 217, 108486. [CrossRef]

46. Xu, P.P.; Tian, R.H.; Luo, S.; Zu, Z.Y.; Fan, B.; Wang, X.M.; Xu, K.; Wang, J.T.; Zhu, J.; Shi, J.C.; et al. Risk factors for adverse clinical
outcomes with COVID-19 in China: A multicenter, retrospective, observational study. Theranostics 2020, 10, 6372–6383. [CrossRef]
[PubMed]

http://doi.org/10.1186/s12879-020-05128-x
http://www.ncbi.nlm.nih.gov/pubmed/32552751
http://doi.org/10.1371/journal.pone.0240781
http://www.ncbi.nlm.nih.gov/pubmed/33186355
http://doi.org/10.1016/j.ijid.2020.06.038
http://doi.org/10.1016/S0140-6736(20)31173-9
http://doi.org/10.1136/bmj.m1996
http://www.ncbi.nlm.nih.gov/pubmed/32471884
http://doi.org/10.1111/joim.13119
http://www.ncbi.nlm.nih.gov/pubmed/32498135
http://doi.org/10.20452/pamw.15361
http://doi.org/10.1186/s12939-020-01208-1
http://www.ncbi.nlm.nih.gov/pubmed/32522191
http://doi.org/10.1016/j.metabol.2020.154262
http://doi.org/10.1101/2020.04.09.20059964
http://doi.org/10.1016/j.phrs.2020.104965
http://www.ncbi.nlm.nih.gov/pubmed/32474087
http://doi.org/10.2139/ssrn.3606438
http://doi.org/10.1101/2020.05.05.20091702
http://doi.org/10.7150/thno.46569
http://doi.org/10.1016/j.jinf.2020.04.002
http://doi.org/10.2478/rjim-2020-0013
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1093/eurheartj/ehaa433
http://doi.org/10.1002/jmv.26003
http://www.ncbi.nlm.nih.gov/pubmed/32406952
http://doi.org/10.1016/j.clim.2020.108486
http://doi.org/10.7150/thno.46833
http://www.ncbi.nlm.nih.gov/pubmed/32483458


J. Clin. Med. 2021, 10, 2087 16 of 18

47. Auld, S.C.; Caridi-Scheible, M.; Blum, J.M.; Robichaux, C.; Kraft, C.; Jacob, J.T.; Jabaley, C.S.; Carpenter, D.; Kaplow, R.; Hernandez-
Romieu, A.C.; et al. ICU and Ventilator Mortality Among Critically Ill Adults with Coronavirus Disease. Crit. Care Med. 2020.
Publish Ahead. [CrossRef] [PubMed]

48. Borobia, A.M.; Carcas, A.J.; Arnalich, F.; Álvarez-Sala, R.; Monserrat-Villatoro, J.; Quintana, M.; Figueira, J.C.; Santos-Olmo,
R.M.T.; García-Rodríguez, J.; Martín-Vega, A.; et al. A Cohort of Patients with COVID-19 in a Major Teaching Hospital in Europe.
J. Clin. Med. 2020, 9, 1733. [CrossRef] [PubMed]

49. Cariou, B.; Hadjadj, S.; Wargny, M.; Pichelin, M.; Al-Salameh, A.; Allix, I.; Amadou, C.; Arnault, G.; Baudoux, F.; The CORONADO
Investigators; et al. Phenotypic characteristics and prognosis of inpatients with COVID-19 and diabetes: The CORONADO study.
Diabetologia 2020, 63, 1500–1515. [CrossRef] [PubMed]

50. Murillo-Zamora, E.; Hernandez-Suarez, C.M. Survival in adult inpatients with COVID-19. Public Health 2021, 190, 1–3. [CrossRef]
51. Israelsen, S.B.; Kristiansen, K.T.; Hindsberger, B.; Ulrik, C.S.; Andersen, O.; Jensen, M.; Andersen, S.; Rasmussen, C.; Jørgensen,

H.L.; Østergaard, C.; et al. Characteristics of patients with COVID-19 pneumonia at Hvidovre Hospital, March–April 2020. Dan.
Med. J. 2020, 67, A05200313.

52. Alqahtani, J.S.; Oyelade, T.; Aldhahir, A.M.; Alghamdi, S.M.; Almehmadi, M.; Alqahtani, A.S.; Quaderi, S.; Mandal, S.; Hurst, J.R.
Prevalence, Severity and Mortality associated with COPD and Smoking in patients with COVID-19: A Rapid Systematic Review
and Meta-Analysis. PLoS ONE 2020, 15, e0233147. [CrossRef]

53. Petrilli, C.M.; Jones, S.; Yang, J.; Rajagopalan, H.; O’Donnell, L.; Chernyak, Y.; Tobin, K.; Cerfolio, R.J.; Francois, F.; Horwitz, L.
Factors associated with hospital admission and critical illness among 5279 people with coronavirus disease 2019 in New York
City: Prospective cohort study. BMJ 2020, 369, m1966. [CrossRef]

54. Tartof, S.Y.; Qian, L.; Hong, M.V.; Wei, M.R.; Nadjafi, R.F.; Fischer, H.; Li, M.Z.; Shaw, D.S.F.; Caparosa, M.S.L.; Nau, C.L.; et al.
Obesity and Mortality Among Patients Diagnosed With COVID-19: Results From an Integrated Health Care Organization. Ann.
Intern. Med. 2020, 173, 773–781. [CrossRef]

55. Lücker, L.M.; Kherad, O.; Iten, A.; Wagner, N.; Descombes, M.; Camus, V.; Kaiser, L.; Louis-Simonet, M. Clinical features and
outcome of hospitalised adults and children with the 2009 influenza A H1N1 infection at Geneva’s University Hospital. Swiss
Med. Wkly. 2011, 141. [CrossRef] [PubMed]

56. Bouneb, R.; Mellouli, M.; Bensoltane, H.; Baroudi, J.; Chouchene, I.; Boussarsar, M. Characteristics and outcome of ill critical
patients with influenza a infection. Pan Afr. Med. J. 2018, 29, 1–8. [CrossRef] [PubMed]

57. Thompson, W.W.; Shay, D.K.; Weintraub, E.; Brammer, L.; Cox, N.; Anderson, L.J.; Fukuda, K. Mortality Associated with Influenza
and Respiratory Syncytial Virus in the United States. JAMA 2003, 289, 179–186. [CrossRef]

58. Kim, H.-C.; Choi, S.-H.; Huh, J.-W.; Sung, H.; Hong, S.B.; Lim, C.-M.; Koh, Y. Different pattern of viral infections and clinical
outcomes in patient with acute exacerbation of chronic obstructive pulmonary disease and chronic obstructive pulmonary disease
with pneumonia. J. Med. Virol. 2016, 88, 2092–2099. [CrossRef]

59. Bramley, A.M.; Dasgupta, S.; Skarbinski, J.; Kamimoto, L.; Fry, A.M.; Finelli, L.; Jain, S. Intensive care unit patients with 2009
pandemic influenza A (H1N1pdm09) virus infection—United States. Influ. Other Respir. Viruses 2012, 6, e134–e142. [CrossRef]
[PubMed]

60. Cheng, A.C.; Kotsimbos, T.; Reynolds, A.; Bowler, S.D.; Brown, S.G.; Hancox, R.J.; Holmes, M.; Irving, L.; Jenkins, C.; Thompson,
P.; et al. Clinical and epidemiological profile of patients with severe H1N1/09 pandemic influenza in Australia and New Zealand:
An observational cohort study. BMJ Open 2011, 1, e000100. [CrossRef] [PubMed]

61. Jamaati, H.; Mohajerani, S.A.; Shamaee, M.; Chitsazan, M.; Radmand, G.; Maadani, M.; Mansouri, S.D.; Hashemian, S.M.R.;
Tabarsi, P.; Nadji, S.A. Secondary infection and clinical aspects after pandemic swine-origin influenza a (H1N1) admission in an
Iranian critical care unite. Int. J. Crit. Illn. Inj. Sci. 2014, 4, 309–313. [CrossRef]

62. Jaber, S.; Conseil, M.; Coisel, Y.; Jung, B.; Chanques, G. Grippe A (H1N1) et SDRA: Caractéristiques des patients admis en
réanimation et prise en charge. Revue de la littérature. Ann. Fr. d’Anesth. Réanim. 2010, 29, 117–125. [CrossRef]

63. Fabbiani, M.; Sali, M.; Di Cristo, V.; Pignataro, G.; Prete, V.; Farina, S.; D’Avino, A.; Manzara, S.; Verme, L.Z.D.; Silveri, N.G.; et al.
Prospective evaluation of epidemiological, clinical, and microbiological features of pandemic influenza A (H1N1) virus infection
in Italy. J. Med. Virol. 2011, 83, 2057–2065. [CrossRef]

64. Peralta, P.S.-O.; Cortes-García, M.; Vicente-Herrero, M.; Castrillo-Villamandos, C.; Arias-Bohigas, P.; Amo, I.P.-D.; Sierra-Moros,
M.J.; on behalf of the Surveillance Group for New Influenza A(H1N1) Virus Investigation and Control Team in Spain. Risk
factors for disease severity among hospitalised patients with 2009 pandemic influenza A (H1N1) in Spain, April–December 2009.
Eurosurveillance 2010, 15, 19667. [CrossRef]

65. Booth, C.M.; Matukas, L.M.; Tomlinson, G.A.; Rachlis, A.R.; Rose, D.B.; Dwosh, H.A.; Walmsley, S.L.; Mazzulli, T.; Avendano, M.;
Derkach, P.; et al. Clinical Features and Short-term Outcomes of 144 Patients With SARS in the Greater Toronto Area. JAMA 2003,
289, 2801–2809. [CrossRef]

66. Leung, G.M.; Hedley, A.J.; Ho, L.-M.; Chau, P.; Wong, I.O.; Thach, T.Q.; Ghani, A.C.; Donnelly, C.A.; Fraser, C.; Riley, S.; et al. The
Epidemiology of Severe Acute Respiratory Syndrome in the 2003 Hong Kong Epidemic: An Analysis of All 1755 Patients. Ann.
Intern. Med. 2004, 141, 662–673. [CrossRef] [PubMed]

67. Lu, W.; Zhang, H.S.; Wang, F.M.; Wang, S.J.; Wu, X.D.; Zhang, N.X.; Kan, Z.C.; Qin, Y.Z.; Xiao, L. Preliminary analysis of treatment
in 32 patients with critical severe acute respiratory syndrome. Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2003, 15, 492–494. [PubMed]

http://doi.org/10.1097/CCM.0000000000004457
http://www.ncbi.nlm.nih.gov/pubmed/32452888
http://doi.org/10.3390/jcm9061733
http://www.ncbi.nlm.nih.gov/pubmed/32512688
http://doi.org/10.1007/s00125-020-05180-x
http://www.ncbi.nlm.nih.gov/pubmed/32472191
http://doi.org/10.1016/j.puhe.2020.10.029
http://doi.org/10.1371/journal.pone.0233147
http://doi.org/10.1136/bmj.m1966
http://doi.org/10.7326/M20-3742
http://doi.org/10.4414/smw.2011.13177
http://www.ncbi.nlm.nih.gov/pubmed/21416409
http://doi.org/10.11604/pamj.2018.29.174.13098
http://www.ncbi.nlm.nih.gov/pubmed/30050638
http://doi.org/10.1001/jama.289.2.179
http://doi.org/10.1002/jmv.24577
http://doi.org/10.1111/j.1750-2659.2012.00385.x
http://www.ncbi.nlm.nih.gov/pubmed/22672249
http://doi.org/10.1136/bmjopen-2011-000100
http://www.ncbi.nlm.nih.gov/pubmed/22021761
http://doi.org/10.4103/2229-5151.147536
http://doi.org/10.1016/j.annfar.2009.12.026
http://doi.org/10.1002/jmv.22231
http://doi.org/10.2807/ese.15.38.19667-en
http://doi.org/10.1001/jama.289.21.JOC30885
http://doi.org/10.7326/0003-4819-141-9-200411020-00006
http://www.ncbi.nlm.nih.gov/pubmed/15520422
http://www.ncbi.nlm.nih.gov/pubmed/12919655


J. Clin. Med. 2021, 10, 2087 17 of 18

68. Rohde, G.; Borg, I.; Arinir, U.; Dorsten, C.; Schultze-Werninghaus, G.; Bauer, T. T Evaluation of a real-time polymerase-chain
reaction for severe acute respiratory syndrome (SARS) associated coronavirus in patients with hospitalised exacerbation of COPD.
Eur. J. Med. Res. 2004, 9, 505–509. [PubMed]

69. Kherad, O.; Kaiser, L.; Bridevaux, P.-O.; Sarasin, F.; Thomas, Y.; Janssens, J.-P.; Rutschmann, O.T. Upper-Respiratory Viral Infection,
Biomarkers, and COPD Exacerbations. Chest 2010, 138, 896–904. [CrossRef]

70. Radzikowska, U.; Ding, M.; Tan, G.; Zhakparov, D.; Peng, Y.; Wawrzyniak, P.; Wang, M.; Li, S.; Morita, H.; Altunbulakli, C.; et al.
Distribution of ACE2, CD147, CD26, and other SARS-CoV-2 associated molecules in tissues and immune cells in health and in
asthma, COPD, obesity, hypertension, and COVID-19 risk factors. Allergy 2020, 75, 2829–2845. [CrossRef]

71. Gu, J.; Gong, E.; Zhang, B.; Zheng, J.; Gao, Z.; Zhong, Y.; Zou, W.; Zhan, J.; Wang, S.; Xie, Z.; et al. Multiple organ infection and
the pathogenesis of SARS. J. Exp. Med. 2005, 202, 415–424. [CrossRef]

72. Hoffmann, M.; Kleine-Weber, H.; Schroeder, S.; Krüger, N.; Herrler, T.; Erichsen, S.; Schiergens, T.S.; Herrler, G.; Wu, N.-H.;
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. [CrossRef]

73. Cheng, Z.; Zhou, J.; To, K.K.-W.; Chu, H.; Li, C.; Wang, D.; Yang, D.; Zheng, S.; Hao, K.; Bossé, Y.; et al. Identification ofTMPRSS2as
a Susceptibility Gene for Severe 2009 Pandemic A(H1N1) Influenza and A(H7N9) Influenza. J. Infect. Dis. 2015, 212, 1214–1221.
[CrossRef]

74. Li, W.; Moore, M.J.; Vasilieva, N.; Sui, J.; Wong, S.K.; Berne, M.A.; Somasundaran, M.; Sullivan, J.L.; Luzuriaga, K.; Greenough,
T.C.; et al. Angiotensin-converting enzyme 2 is a functional receptor for the SARS coronavirus. Nature 2003, 426, 450–454.
[CrossRef]

75. Brake, S.J.; Barnsley, K.; Lu, W.; McAlinden, K.D.; Eapen, M.S.; Sohal, S.S. Smoking Upregulates Angiotensin-Converting
Enzyme-2 Receptor: A Potential Adhesion Site for Novel Coronavirus SARS-CoV-2 (Covid-19). J. Clin. Med. 2020, 9, 841.
[CrossRef]

76. Leung, J.M.; Yang, C.X.; Tam, A.; Shaipanich, T.; Hackett, T.-L.; Singhera, G.K.; Dorscheid, D.R.; Sin, D.D. ACE-2 expression in the
small airway epithelia of smokers and COPD patients: Implications for COVID-19. Eur. Respir. J. 2020, 55, 2000688. [CrossRef]

77. Rossato, M.; Russo, L.; Mazzocut, S.; Di Vincenzo, A.; Fioretto, P.; Vettor, R. Current smoking is not associated with COVID-19.
Eur. Respir. J. 2020, 55, 2001290. [CrossRef] [PubMed]

78. Guan, W.J.; Liang, W.H.; Zhao, Y.; Liang, H.-R.; Chen, Z.-S.; Li, Y.-M.; Liu, X.-Q.; Chen, R.-C.; Tang, C.-L.; Wang, T.; et al.
Comorbidity and its impact on 1590 patients with COVID-19 in China: A nationwide analysis. Eur. Respir. J. 2020, 55, 2000547.
[CrossRef] [PubMed]

79. Sharif-Askari, N.S.; Sharif-Askari, F.S.; Alabed, M.; Temsah, M.-H.; Al Heialy, S.; Hamid, Q.; Halwani, R. Airways Expression of
SARS-CoV-2 Receptor, ACE2, and TMPRSS2 Is Lower in Children Than Adults and Increases with Smoking and COPD. Mol.
Ther. Methods Clin. Dev. 2020, 18, 1–6. [CrossRef]

80. Kim, W.J.; Lim, J.H.; Lee, J.S.; Lee, S.-D.; Kim, J.H.; Oh, Y.-M. Comprehensive Analysis of Transcriptome Sequencing Data in the
Lung Tissues of COPD Subjects. Int. J. Genom. 2015, 2015, 1–9. [CrossRef] [PubMed]

81. Pinto, B.G.G.; Oliveira, A.E.R.; Singh, Y.; Jimenez, L.; Gonçalves, A.N.; Ogava, R.L.T.; Creighton, R.; Peron, J.P.S.; Nakaya, H.I.
ACE2 Expression Is Increased in the Lungs of Patients with Comorbidities Associated with Severe COVID-19. J. Infect. Dis. 2020,
222, 556–563. [CrossRef] [PubMed]

82. Smith, J.C.; Sausville, E.L.; Girish, V.; Yuan, M.L.; Vasudevan, A.; John, K.M.; Sheltzer, J.M. Cigarette Smoke Exposure and
Inflammatory Signaling Increase the Expression of the SARS-CoV-2 Receptor ACE2 in the Respiratory Tract. Dev. Cell 2020, 53,
514–529.e3. [CrossRef]

83. Matusiak, M.; Schürch, C.M. Expression of SARS-CoV-2 entry receptors in the respiratory tract of healthy individuals, smokers
and asthmatics. Respir. Res. 2020, 21, 1–6. [CrossRef]

84. Song, J.; Zeng, M.; Wang, H.; Qin, C.; Hou, H.; Sun, Z.; Xu, S.; Wang, G.; Guo, C.; Deng, Y.; et al. Distinct effects of asthma and
COPD comorbidity on disease expression and outcome in patients with COVID-19. Allergy 2021, 76, 483–496. [CrossRef]

85. Drummond, M.B.; Wise, R.A.; Hansel, N.N.; Putcha, N. Comorbidities and Chronic Obstructive Pulmonary Disease: Prevalence,
Influence on Outcomes, and Management. Semin. Respir. Crit. Care Med. 2015, 36, 575–591. [CrossRef] [PubMed]

86. Chen, W.; Thomas, J.; Sadatsafavi, M.; FitzGerald, J.M. Risk of cardiovascular comorbidity in patients with chronic obstructive
pulmonary disease: A systematic review and meta-analysis. Lancet Respir. Med. 2015, 3, 631–639. [CrossRef]

87. Corne, J.M.; Marshall, C.; Smith, S.; Schreiber, J.; Sanderson, G.; Holgate, S.T.; Johnston, S.L. Frequency, severity, and duration
of rhinovirus infections in asthmatic and non-asthmatic individuals: A longitudinal cohort study. Lancet 2002, 359, 831–834.
[CrossRef]

88. Lovinsky-Desir, S.; Deshpande, D.R.; De, A.; Murray, L.; Stingone, J.A.; Chan, A.; Patel, N.; Rai, N.; DiMango, E.; Milner, J.; et al.
Asthma among hospitalized patients with COVID-19 and related outcomes. J. Allergy Clin. Immunol. 2020, 146, 1027–1034.e4.
[CrossRef]

89. Chhiba, K.D.; Patel, G.B.; Vu, T.H.T.; Chen, M.M.; Guo, A.; Kudlaty, E.; Mai, Q.; Yeh, C.; Muhammad, L.N.; Harris, K.E.; et al.
Prevalence and characterization of asthma in hospitalized and nonhospitalized patients with COVID-19. J. Allergy Clin. Immunol.
2020, 146, 307–314.e4. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/15649859
http://doi.org/10.1378/chest.09-2225
http://doi.org/10.1111/all.14429
http://doi.org/10.1084/jem.20050828
http://doi.org/10.1016/j.cell.2020.02.052
http://doi.org/10.1093/infdis/jiv246
http://doi.org/10.1038/nature02145
http://doi.org/10.3390/jcm9030841
http://doi.org/10.1183/13993003.00688-2020
http://doi.org/10.1183/13993003.01290-2020
http://www.ncbi.nlm.nih.gov/pubmed/32350106
http://doi.org/10.1183/13993003.00547-2020
http://www.ncbi.nlm.nih.gov/pubmed/32217650
http://doi.org/10.1016/j.omtm.2020.05.013
http://doi.org/10.1155/2015/206937
http://www.ncbi.nlm.nih.gov/pubmed/25834810
http://doi.org/10.1093/infdis/jiaa332
http://www.ncbi.nlm.nih.gov/pubmed/32526012
http://doi.org/10.1016/j.devcel.2020.05.012
http://doi.org/10.1186/s12931-020-01521-x
http://doi.org/10.1111/all.14517
http://doi.org/10.1055/s-0035-1556063
http://www.ncbi.nlm.nih.gov/pubmed/26238643
http://doi.org/10.1016/S2213-2600(15)00241-6
http://doi.org/10.1016/S0140-6736(02)07953-9
http://doi.org/10.1016/j.jaci.2020.07.026
http://doi.org/10.1016/j.jaci.2020.06.010


J. Clin. Med. 2021, 10, 2087 18 of 18

90. Avdeev, S.; Moiseev, S.; Brovko, M.; Yavorovskiy, A.; Umbetova, K.; Akulkina, L.; Tsareva, N.; Merzhoeva, Z.; Gainitdinova, V.;
Fomin, V. Low prevalence of bronchial asthma and chronic obstructive lung disease among intensive care unit patients with
COVID-19. Allergy 2020, 75, 2703–2704. [CrossRef] [PubMed]

91. Lieberman-Cribbin, W.; Rapp, J.; Alpert, N.; Tuminello, S.; Taioli, E. The Impact of Asthma on Mortality in Patients with COVID-19.
Chest 2020, 158, 2290–2291. [CrossRef] [PubMed]

92. Klemets, P.; Lyytikäinen, O.; Ruutu, P.; Ollgren, J.; Kaijalainen, T.; Leinonen, M.; Nuorti, J.P. Risk of invasive pneumococcal
infections among working age adults with asthma. Thorax 2010, 65, 698–702. [CrossRef]

93. Talbot, T.R.; Hartert, T.V.; Mitchel, E.; Halasa, N.B.; Arbogast, P.G.; Poehling, K.A.; Schaffner, W.; Craig, A.S.; Griffin, M.R. Asthma
as a Risk Factor for Invasive Pneumococcal Disease. N. Engl. J. Med. 2005, 352, 2082–2090. [CrossRef]

94. Black, P.N.; Blasi, F.; Jenkins, C.R.; Scicchitano, R.; Mills, G.D.; Rubinfeld, A.R.; Ruffin, R.E.; Mullins, P.R.; Dangain, J.; Cooper,
B.C.; et al. Trial of Roxithromycin in Subjects with Asthma and Serological Evidence of Infection with Chlamydia pneumoniae.
Am. J. Respir. Crit. Care Med. 2001, 164, 536–541. [CrossRef]

95. Busse, W.W.; Lemanske, R.F.; Gern, J. Role of viral respiratory infections in asthma and asthma exacerbations. Lancet 2010, 376,
826–834. [CrossRef]

96. Grissell, T.V.; Powell, H.; Shafren, D.R.; Boyle, M.J.; Hensley, M.J.; Jones, P.D.; Whitehead, B.F.; Gibson, P.G. Interleukin-10 Gene
Expression in Acute Virus-induced Asthma. Am. J. Respir. Crit. Care Med. 2005, 172, 433–439. [CrossRef] [PubMed]

97. Lee, S.W.; Lee, S.; Sheen, Y.H.; Ha, E.K.; Choi, S.H.; Yang, M.-S.; Hwang, S.; Kim, S.S.; Choi, J.-H.; Han, M.Y. Seasonal Cycle and
Relationship of Seasonal Rhino- and Influenza Virus Epidemics With Episodes of Asthma Exacerbation in Different Age Groups.
Allergy Asthma Immunol. Res. 2017, 9, 517–525. [CrossRef] [PubMed]

98. Trinh, P.; Jung, T.H.; Keene, D.; Demmer, R.T.; Perzanowski, M.; Lovasi, G. Temporal and spatial associations between influenza
and asthma hospitalisations in New York City from 2002 to 2012: A longitudinal ecological study. BMJ Open 2018, 8, e020362.
[CrossRef]

99. Morales-Suárez-Varela, M.; Llopis-González, A.; Vergara-Hernández, C.; Fernandez-Fabrellas, E.; Sanz, F.; Perez-Lozano, M.J.;
Martin, V.; Astray, J.; Castilla, J.; Egurrola, M.; et al. Asthma in older people hospitalized with influenza in Spain: A case-control
study. Allergy Asthma Proc. 2017, 38, 277–285. [CrossRef] [PubMed]

100. Feldman, L.Y.; Zhu, J.; To, T. Estimating age-specific influenza-associated asthma morbidity in Ontario, Canada. Respir. Med.
2019, 155, 104–112. [CrossRef] [PubMed]

101. Nguyen-Van-Tam, J.S.; Openshaw, P.J.M.; Hashim, A.; Gadd, E.M.; Lim, W.S.; Semple, M.G.; Read, R.C.; Taylor, B.L.; Brett, S.J.;
McMenamin, J.; et al. Risk factors for hospitalisation and poor outcome with pandemic A/H1N1 influenza: United Kingdom first
wave (May-September 2009). Thorax 2010, 65, 645–651. [CrossRef]

102. Rodríguez-Rieiro, C.; Carrasco-Garrido, P.; Hernandez-Barrera, V.; De Andres, A.L.; Jimenez-Trujillo, I.; Gil De Miguel, Á.;
Jimenez-Garcia, R. Pandemic influenza hospitalization in Spain (2009): Incidence, in-hospital mortality, comorbidities and costs.
Hum. Vaccines Immunother. 2012, 8, 443–447. [CrossRef]

103. Kim, M.H.; Song, W.J.; Yang, M.S.; Lee, S.H.; Kwon, J.W.; Kim, S.H.; Kang, H.R.; Park, H.W.; Cho, Y.J.; Cho, S.H.; et al. Clinical
course of asthma patients with H1N1 influenza infection and oseltamivir. Minerva Med. 2018, 109, 7–14. [CrossRef]

104. Dhawale, V.S.; Amara, V.R.; Karpe, P.A.; Malek, V.; Patel, D.; Tikoo, K. Activation of angiotensin-converting enzyme 2 (ACE2)
attenuates allergic airway inflammation in rat asthma model. Toxicol. Appl. Pharmacol. 2016, 306, 17–26. [CrossRef] [PubMed]

105. Camiolo, M.; Gauthier, M.; Kaminski, N.; Ray, A.; Wenzel, S.E. Expression of SARS-CoV-2 receptor ACE2 and coincident host
response signature varies by asthma inflammatory phenotype. J. Allergy Clin. Immunol. 2020, 146, 315–324.e7. [CrossRef]
[PubMed]

106. Jackson, D.J.; Busse, W.W.; Bacharier, L.B.; Kattan, M.; O’Connor, G.T.; Wood, R.A.; Visness, C.M.; Durham, S.R.; Larson, D.;
Esnault, S.; et al. Association of respiratory allergy, asthma, and expression of the SARS-CoV-2 receptor ACE2. J. Allergy Clin.
Immunol. 2020, 146, 203–206.e3. [CrossRef] [PubMed]

107. Kimura, H.; Francisco, D.; Conway, M.; Martinez, F.D.; Vercelli, D.; Polverino, F.; Billheimer, D.; Kraft, M. Type 2 inflammation
modulates ACE2 and TMPRSS2 in airway epithelial cells. J. Allergy Clin. Immunol. 2020, 146, 80–88.e8. [CrossRef] [PubMed]

108. Gershon, A.S.; Thiruchelvam, D.; Chapman, K.R.; Aaron, S.D.; Stanbrook, M.B.; Bourbeau, J.; Tan, W.; To, T. Health Services
Burden of Undiagnosed and Overdiagnosed COPD. Chest 2018, 153, 1336–1346. [CrossRef]

http://doi.org/10.1111/all.14420
http://www.ncbi.nlm.nih.gov/pubmed/32455491
http://doi.org/10.1016/j.chest.2020.05.575
http://www.ncbi.nlm.nih.gov/pubmed/32522556
http://doi.org/10.1136/thx.2009.132670
http://doi.org/10.1056/NEJMoa044113
http://doi.org/10.1164/ajrccm.164.4.2011040
http://doi.org/10.1016/S0140-6736(10)61380-3
http://doi.org/10.1164/rccm.200412-1621OC
http://www.ncbi.nlm.nih.gov/pubmed/15894599
http://doi.org/10.4168/aair.2017.9.6.517
http://www.ncbi.nlm.nih.gov/pubmed/28913991
http://doi.org/10.1136/bmjopen-2017-020362
http://doi.org/10.2500/aap.2017.38.4060
http://www.ncbi.nlm.nih.gov/pubmed/28668107
http://doi.org/10.1016/j.rmed.2019.07.017
http://www.ncbi.nlm.nih.gov/pubmed/31326737
http://doi.org/10.1136/thx.2010.135210
http://doi.org/10.4161/hv.18911
http://doi.org/10.23736/S0026-4806.17.05329-0
http://doi.org/10.1016/j.taap.2016.06.026
http://www.ncbi.nlm.nih.gov/pubmed/27343405
http://doi.org/10.1016/j.jaci.2020.05.051
http://www.ncbi.nlm.nih.gov/pubmed/32531372
http://doi.org/10.1016/j.jaci.2020.04.009
http://www.ncbi.nlm.nih.gov/pubmed/32333915
http://doi.org/10.1016/j.jaci.2020.05.004
http://www.ncbi.nlm.nih.gov/pubmed/32422146
http://doi.org/10.1016/j.chest.2018.01.038

	Introduction 
	Materials and Methods 
	Literature Search 
	Data Extraction and Outcomes 
	Risk of Bias Assessment 
	Statistical Analysis 

	Results 
	Search Results 
	Patient Characteristics and Primary Events 
	COPD vs. Non-COPD 
	Asthma vs. Non-Asthma 
	Quality Assessment and Heterogeneity 

	Discussion 
	COPD and Mortality in Patients with COVID-19 
	Asthma and Mortality in Patients with COVID-19 
	Strengths and Limitations 

	Conclusions 
	
	References

