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Abstract

Background

Coronavirus disease 2019 (COVID-19) is an evolving infectious disease that dramatically
spread all over the world in the early part of 2020. No studies have yet summarized the
potential severity and mortality risks caused by COVID-19 in patients with chronic obstruc-
tive pulmonary disease (COPD), and we update information in smokers.

Methods

We systematically searched electronic databases from inception to March 24, 2020. Data
were extracted by two independent authors in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines. Study quality was assessed
using a modified version of the Newcastle-Ottawa Scale. We synthesized a narrative from
eligible studies and conducted a meta-analysis using a random-effects model to calculate
pooled prevalence rates and 95% confidence intervals (95%Cl).

Results

In total, 123 abstracts were screened and 61 full-text manuscripts were reviewed. A total of
15 studies met the inclusion criteria, which included a total of 2473 confirmed COVID-19
patients. All studies were included in the meta-analysis. The crude case fatality rate of
COVID-19 was 7.4%. The pooled prevalence rates of COPD patients and smokers in
COVID-19 cases were 2% (95% Cl, 1%—3%) and 9% (95% Cl, 4%—14%) respectively.
COPD patients were at a higher risk of more severe disease (risk of severity = 63%, (22/35)

PLOS ONE | https://doi.org/10.1371/journal.pone.0233147 May 11, 2020

1/13


http://orcid.org/0000-0003-1795-5092
https://doi.org/10.1371/journal.pone.0233147
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0233147&domain=pdf&date_stamp=2020-05-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0233147&domain=pdf&date_stamp=2020-05-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0233147&domain=pdf&date_stamp=2020-05-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0233147&domain=pdf&date_stamp=2020-05-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0233147&domain=pdf&date_stamp=2020-05-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0233147&domain=pdf&date_stamp=2020-05-11
https://doi.org/10.1371/journal.pone.0233147
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

COPD and Smoking in pandemic COVID-19

compared to patients without COPD 33.4% (409/1224) [calculated RR, 1.88 (95% Cl, 1.4—
2.4)]. This was associated with higher mortality (60%). Our results showed that 22% (31/
139) of current smokers and 46% (13/28) of ex-smokers had severe complications. The cal-
culated RR showed that current smokers were 1.45 times more likely [95% CI: 1.03-2.04] to
have severe complications compared to former and never smokers. Current smokers also
had a higher mortality rate of 38.5%.

Conclusion

Although COPD prevalence in COVID-19 cases was low in current reports, COVID-19 infec-
tion was associated with substantial severity and mortality rates in COPD. Compared to for-
mer and never smokers, current smokers were at greater risk of severe complications and
higher mortality rate. Effective preventive measures are required to reduce COVID-19 risk
in COPD patients and current smokers.

Impact

In this systematic review and meta-analysis of 15 studies including a total of 2473 confirmed
COVID-19 patients, COVID-19 was associated with greater severity and mortality in COPD
patients and current smokers. Despite the low prevalence of COPD and smoking in COVID-
19 cases, this result emphasizes attention to effective preventive measures to support reducing
the burden of COVID-19 in these vulnerable populations. This has the potential to improve
outcomes for patients and lessen the burden on health services.

Introduction

The emergence in Wuhan City, Hubei Province of China of a novel pneumonia of unknown
origin on the 31* of December, 2019 was the start of an outbreak which would later be
declared a pandemic by the World Health Organization (WHO) [1]. The name COVID-19
(acronym for “coronavirus disease 2019”) was coined on the 11" of February 2020 to describe
presentation with severe acute respiratory disease [2]. COVID-19 is caused by a novel strain of
coronavirus, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). This virus
belongs to the family of single stranded RNA viruses some of which have been previously
described to be responsible for the Severe Acute Respiratory Syndrome (SARS) and Middle
East Respiratory Syndrome (MERS) [3, 4]. Although the symptoms and clinical presentation
of COVID-19 is similar to SARS and MERS, the rate of spread is greater [5]. As of 251 of
March 2020, the total number of confirmed case of COVID-19 stands at 459,419 with 20,818
deaths globally and the number is projected to increase [6].

Chronic Obstructive Pulmonary Disease (COPD) is a common, persistent and preventable
dysfunction of the lung associated with limitation in airflow. COPD is a complex disease asso-
ciated with abnormalities of the airway and/ or alveoli which is predominantly caused by expo-
sure to noxious gases and particulates over a long period [7]. With a global prevalence of 251
million cases in 2016, and 3.17 million (5%) deaths in 2015 alone, COPD was ranked by the
WHO as the third leading cause of death especially with a particular burden in low- and mid-
dle-income countries [8, 9]. This burden is predicted to grow due mainly to increased global
exposure to tobacco, aging populations, poor awareness and inadequate access to diagnosis
[10]. COPD exacerbations are a major event in the natural history of the disease associated
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with worsening of symptoms often resulting in hospitalization and poor prognosis [11]. Vari-
ous factors have been described to contribute to acute worsening of COPD, however, viral
infection remains the main trigger, including seasonal coronaviruses [12-14].

Since the emergence of COVID-19, scientists around the world continue to better under-
stand the clinical, diagnostic and prognostic characteristic of the disease. While over 150
papers, editorials and comments have been written about COVID-19 as of 24™ of March 2020,
there is none dedicated to the specific risk posed to patients with a previous history of COPD.
This review addresses this gap in knowledge with the aim of assisting clinicians to assess the
prognosis of COVID-19 infection in patients with COPD and those with smoking history.

Methods

This systematic review was conducted in accordance with the Preferred Reporting in System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [15]. We prospectively registered this
review to Prospero (registration number is: CRD42020175518).

We searched MEDLINE and Google scholar from inception date to March 16, 2020. The
search was updated on March 24, 2020. We used an extensive search strategy developed by a
specilaised librarian for retrieving this type of evidence, which included the reference list of eli-
gible papers and published pre-print papers (see S1 Table in S1 Appendix). All retrieved stud-
ies were exported into EndNote to remove duplicates. The remaining studies were exported to
Rayyan software for title, abstracts and full text screening by two independent reviewers.

Inclusion and exclusion criteria

Eligible studies were those that investigated: epidiomolgical, clinical charcterstics and features
of COVID-19 and prevelance of chronic diseases specifically COPD in their analysis. We
excluded the following: studies that did not report COPD, studies that included respiratory
diseases but did not specifically analyze COPD, only children, editorials, correspondence let-
ters, reviews, qualitative studies, theses, non-English language and non-full text articles.

Data collection

Two authors (JSA and TO) independently screened titles and abstracts of potential studies and
conflicts were resolved through discussion between the two. Full-text articles of potential stud-
ies were then independently read by two authors (JSA and TO) to identify studies meeting the
inclusion criteria. The reference lists from all identified studies and reviews were scrutinized
for eligible articles. Disagreement on selected papers was resolved through discussion with a
third author (AA).

Quality assessment

Two authers independently evaluated the methodological quality of included studies using a
modified version of the Newcastle-Ottawa Scale (NOS) [16]. It includes seven domains, each
one of these domains was scored from 0 (high risk of bias) to 3 (low risk of bias) and we took a
mean of the domains to result in a score between 0 and 3, where a higher score represents a
lower risk of bias. Any disagreement in the quality assessment was resolved by discussion with
a third author.

Data synthesis

We completed meta-analysis to calculate the pooled prevalence of COPD and current smokers
among those patients with confrmed COVID-19. The output was generated using the Stata
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procedure Metaprop. Owing to heterogeneity within and between studies, we used the ran-
dom-effects model in Stata/SE 15. Data were displayed using forest plots. We examined
between-study heterogeneity using the I” statistic. A narrative synthesis of the results was con-
ducted considering the prevalence, disease severity and mortality among COVID-19 COPD
patients and smoking status. We defined COVID-19 severity as those who were admitted to
intensive care unit (ICU), had severe, oxygenation, needed mechanical ventilation or death.
Since our meta-analysis was performed to estimate the pooled prevalence and not assessing
treatment effects, the assessment for potential risk of bias that could affect the results was not
indicated.

Pre-print

As this is a rapidly evolving area, we also searched pre-print literature and whilst not incorpo-
rating such data in the formal analysis, provide narrative synthesis where such pre-print data
are relevant to our main findings.

Results

An initial search generated 123 potentially relevant papers, of which two were immediately
excluded due to duplication. After the first screening of title and abstracts, 61 papers were
potentially relevant according to the inclusion criteria. An additional 46 papers were excluded
after full-text review, which resulted in 15 studies that satisfied all criteria. The reference list of
the relevant papers was also examined (see Fig 1, PRISMA flow diagram).

Description of included studies

A summary of the included studies is presented in Table 1, which included a total of 2473 con-
firmed COVID-19 patients. Of those patients, only 58 (2.3%) had COPD as a comorbidity.
The sample size of the included studies ranged from 21 to 1099 patients. Most of the studies

Records identified through databases searching (n = 123)

|

Records after duplicates removed
(n=121)

|

} [ Identification ]

Screening

Records screened Records excluded
(n=121) (n=60)
Full-text articles assessed for Full-text gﬂlcles excluded,
. with reasons
& eligibility (n=46)
= (n=61) =3
2 * Not reporting COPD
é‘ l as a comorbidity (46)
Studies included in
— qualitative synthesis
n=15)
X J
4
=
£
.E Studies included in

quantitative synthesis
(n=15)

Fig 1. PRISMA flow chart for the included studies.
https://doi.org/10.1371/journal.pone.0233147.9001
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Table 1. Characteristics of the included studies.

Study Country/ Type of study | Sample size Age mean +SD or Current Smokers |COPD | COPD COPD Mortality Severe cases
Name (M = male, median, range patients |Survived |Non- rate for for study/
F = female) Survived |study/COPD |severe COPD
Cases
Arentz M | United states/ 21M =11 70 (43-59) NA 7 NA NA 11 (52.4%) NA
etal. Washington (52%) F =10 (33.3%)
2020 [17] | Retrospective study from | (48%)
February 20, 2020, and
March 5, 2020,
Guan et | China/ 30 provinces 1099 M =640 | 47 (35-58) Severe 52 | 137 (12.5%) 12 NA NA 15 (1.4%) 173 (15.7%)/
el. 2020 Retrospective study from | (58.3%) (40-65) Non-severe | Severe cases =29/ | (1.1%) 6 (3.4%)
[18] December 11, 2019,and | F = 459 45 (34-57) 172 (16.9%)
January 29, 2020 (41.7%)
Huang Y | China /Hubei province |34 M = 14 56.24 +17.14 NA 3 NA NA NA NA
etal. Retrospective study from | (41.2%) F = 20 (8.82%)
2020 [19] | December 2019 to (58.8%)
January 2020
Huang China/Wuhan 41 M =30 49 (41-58-) 3 (7%) 1(2%) NA NA 6 (15%) 29 (70.7%)/ 1
etal. Prospective study from (73%) F=11 (3.44%)
2020 [20] | Dec 16,2019, to Jan2, | (27%)
2020
Liuetal. | China/Hubei province 137 M =61 57 (20-83) NA 2(1.5%) | NA NA 16 (11.7%) NA
2020 [21] | Retrospective study from | (44.5%) F =76
December 30, 2019 to (55.5%)
January 24, 2020
Mo etal. | China/Wuhan 155M =86 54 (42-66) 6 (3.9%) 5(3.2%) | NA NA NA 85 (54.8%)/ 4
2020 [22] | retrospective study from | (55.5%) F = 69 (3.7%)
January 1st to February | (45.5%)
5th
Wang China/Wuhan 138M =75 56 (42-68) ICU NA 4(2.9%) |NA NA 6 (4.3%) 3(8.3%)
etal. Retrospective, single- (54.3%) F=63 | (n=36) =66 (57-78)
2020 [23] | center case series from (45.7%) Non-ICU (n = 102)
January 1 to January 28, =51 (37-62)
2020
Wuetal. | China/Wuhan 201 M =128 51 (43-60) NA 5(2.5%) | NA NA 44 (21.9%) NA
2020 [24] | Retrospective study from | (63.7%) F =73
December 25, 2019, and | (36.3%)
January 26, 2020
Wu] China/ outside of the 80 M =42 44 (11) 26 (33%) 3 (4%) NA NA NA NA
etal. Wuhan area) Prospective | (52%) F = 38
2020 [25] | study from January to (48%)
February 2020
XuX China/Guangzhou 90M =39 50 (18-86) NA 1 (1%) NA NA NA NA
etal. retrospective study from | (43%) F = 51
2020 [26] | January 23, 2020, and (57%)
February 4, 2020
XuXW | China/Zhejiang province | 62 M = 35 41 (32-52) NA 1(2%) NA NA 0 45 (72.5%)/ 1
etal. Retrospective study from | (56%) F = 27 (3%)
2020 [27] | 10 January 2020 to 26 (44%)
January 2020
Yang China/Wuhan 5)M=35 59.7 (13.3) 2 (4%) 4(8%) | 2(10%) |2 (6%) 32 (61.5%)/2 | NA
etal. Retrospective study from | (67%) F = 17 Survived =2 (50%)
2020 [28] | late December, 2019, and | (33%) (10%)
Jan 26, 2020.
Zhang China/Wuhan 140 M =71 57 (25-87) 2 (1.4%) Severe 2(1.4) NA NA NA 58 (41.4%)/ 2
etal. Retrospective study from | (50.7%) F = 69 cases = 2 (3.4) (3.4%)
2020 [29] | January 16 to February 3, | (49.3%)
2020

(Continued)
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Table 1. (Continued)

Study Country/ Type of study |Sample size Age mean +SD or Current Smokers |COPD | COPD COPD Mortality Severe cases

Name (M = male, median, range patients |Survived |Non- rate for for study/
F = female) Survived | study/COPD | severe COPD
Cases
Zhou China/Wuhan 191 M =119 56 (46--67) 11 (6%) Non- 6 (3%) 2 (1%) 4 (7%) 54 (28.3%)/4 | NA
et al. retrospective cohort (62%) F=72 survivor = 5 (9%) (66.7%)

2020 [30] | study from Dec 29,2019 | (38%)
to Jan 31, 2020

Zhuetal. | China/ Anhui province |32M =15

Survivor = 6 (4%)

46(35-52) 6 (18.7%) 2 (6%) NA NA NA NA

2020 [31] | Retrospective study from | (47%) F = 17

24 January 2020 and 20 (53%)
February 2020

https://doi.org/10.1371/journal.pone.0233147.t001

were retrospectively conducted and all were studied in China, except one in the United States.
The risk of bias ranged from 0.4 to 2.7; nine studies scored > 2, which indicates low risk of
bias (see, S2 Table in S1 Appendix). The overall crude mortality rate for COVID-19 was 7.4%
(184/2473). There were no reports of the baseline characteristics of the 58 COPD patients that
described their age, or severity of COPD airflow limitation. Smoking status was reported in
eight studies, in which 193 confirmed COVID-19 cases were current smokers.

Prevalence of COPD in confirmed COVID-19 cases

The pooled prevalence of COVID-19 patients who had COPD from all studies was 2% (95%
CI, 1%-3%), Fig 2. The overall I* was 41.90%, p 0.04.

Disease severity and mortality among COVID-19 COPD patients

Seven studies that included 35 COPD patients reported COVID severity in their analysis. With
63% (22/35) patient reported as severe compared to 37% (13/35) non-severe, this shows that
COPD patients are at a higher risk of more severe COVID-2019 compared to patients without
COPD 33.4% (409/1224) [calculated RR, 1.88 (95% CI, 1.4-2.4)]. Data from two studies [28,
30] including COPD patients with confirmed COVID-19 demonstrate 60% (6/10) mortality
rate compared to mortality rate in patients without COPD 55% (86/157), [calculated RR, 1.10
(95% CI, 0.6-1.8)].

Smoking history and risk of COVID-2019

Smoking exposure including (current and ex-smokers) was reported in eight studies, with 221
confirmed COVID-19 cases. We assessed the prevalence of current smokers in all studies
using meta-analysis of proportions of current smokers that had confirmed COVID-19. There
was a pooled prevalence of 9%, (95% CI, 4%-14%), Fig 3. The overall I* was 92.49%, p 0.00.
Indeed, 22.30% (31/139) of current smokers and 46% (13/28) of ex-smokers had severe com-
plications. Calculating the RR from these two studies showed that current smokers (31/108)
were 1.45 times more likely [RR = 1.45, 95% CI: 1.03-2.04] to have severe complications com-
pared to former and never smokers (147/808) patients [18, 29]. A higher mortality rate of
38.5% (5/13) was also seen among current smokers.

Discussion

To the best of our knowledge, this is the first systematic review and meta-analysis to develop
an informed understanding of the prevalence, severity and mortality of COPD patients
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Study %
Name ES (95% CI) Weight
Arentz M et al. 2020 4 0.33 (0.17,0.55) 0.19

Guan et al. 2020 L 2 0.01(0.01,0.02) 19.48
Huang et al. 2020 - 0.02 (0.00,0.13) 3.06
Huanga et al. 2020 . - 0.09(0.03,0.23) 0.84
Liu et al. 2020 >~ 0.01 (0.00, 0.04) 12.75
Mo et al. 2020 - 0.03 (0.01, 0.07) 6.96
Wang et al. 2020 —— 0.03 (0.01,0.07) 6.90
Wu et al. 2020 —_— 0.04 (0.01,0.10) 3.79
Wu et al. 2020 - 0.02 (0.01, 0.06) 9.54
Xu XW et al. 2020 > 0.02 (0.00,0.09) 5.88
Xu X etal. 2020 >r— 0.01 (0.00,0.06) 9.48
Yang et al. 2020 —_—— 0.08 (0.03,0.18) 1.42
Zhang et al. 2020 — 0.01 (0.00, 0.05) 10.52
Zhou et al. 2020 - 0.03 (0.01,0.07) 8.10
Zhu et al 2020 . e 0.06 (0.02, 0.20) 1.08
Overall (1#2 =41.00%, p =0.04) 6 0.02(0.01,0.03) 100.00
I . T | T T
-2 0 2 4 6 8
Prevelance of COPD

Fig 2. Pooled prevalence of COPD with confirmed COVID-19, (ES: Effect size).
https://doi.org/10.1371/journal.pone.0233147.9002

diagnosed with COVID-19. We provide an updated report in relation to smokers [32]. Our
main outcomes show that the prevalence of COPD in COVID-19 patients was low, but that
the risk of severity (63%) and mortality (60%) were high, which indicates COPD patients with
confirmed COVID-19 are at a greater risk of severe complications and death. Furthermore,
the prevalence of current smokers in COVID-19 patients was 9% (95% CI, 4%-14%), and this
was also associated with greater severity (22.30%) and mortality (38.5%).

We report a low prevalence of COPD patients in COVID-19 case series compared to the lat-
est COPD prevalence rate in China, which was 13.6% (95% CI 12-0-15-2) and the global preva-
lence of COPD (9-10%) [33, 34]. There was a low heterogeneity among the studies, which was
41.90%, p 0.04. This is expected since clinical and methodological diversity always occur in a
meta-analysis. We speculate that patients may have not been diagnosed. Having a reliable esti-
mate of the prevalence of COPD in COVID-19 cases, and likely outcomes, is crucial to ensure
specific successful global preventive and treatment strategies for COPD patients. Bearing this
in mind, in the included studies there was no report on COPD severity data and COPD-related
comorbidities, which prevents us from assessing the impact of such essential information.

Although the COPD prevalence was not high in the included confirmed COVID-19 cases,
COVID-19 causes a substantial burden on COPD patients with increased disease severity. This
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Study

Name

Guan et al. 2020
Huang et al. 2020
Mo et al. 2020
Wu J et al. 2020
Yang et al. 2020
Zhang et al. 2020
Zhou et al. 2020

Zhu et al. 2020

Overall (I1"2 =92.49%, p = 0.00)

!

%
ES (95% Cl) Weight
—— 0.12(0.11,0.15) 1526
- 0.07 (0.03,0.19)  10.92
—— 0.04(0.02,0.08) 14.73
> 0.32(0.23,0.43) 9.1
—o-—:— 0.04(0.01,0.13) 13.20

0.01(0.00,0.05) 1525

0.06 (0.03,0.10) 1457

& 0.19(0.09,0.35) 6.96

0.09(0.04,0.14) 100.00

-2

| | |
2 4 6
Prevelance of current smokers

Fig 3. Pooled prevalence of current smokers with confirmed COVID-19, (ES: Effect size).
https://doi.org/10.1371/journal.pone.0233147.9g003

summary agrees with other results currently available only in pre-print [35, 36]. Viral infec-
tions in COPD patients increase systemic inflammation with slow recovery of reported symp-
toms [37, 38]. In addition to the effects of COVID-19, patients with COPD have various
comorbidities, some of which are associated with increased risk of hospitalization [39-41].
According to recent systematic reviews, the prevalence of comorbidities in COVID-19 patients
was high and these comorbidities were associated with increased disease severity [42, 43].
Most of the studies that reported COPD severity defined severe cases as those who were admit-
ted to intensive care unit (ICU), had severe oxygenation, needed mechanical ventilation or
death [18, 19, 22, 23, 27, 29]. These studies did not give details about the underlying COPD. It
would have been interesting to know if the frequency of previous exacerbations was linked to
increased complications in COPD patients diagnosed with COVID-19. In general, those with
severe case of COVID-19 were older and had more coexisting comorbidities than those with
mild illness.

Data from two studies [28, 30] describing COPD patients with confirmed COVID-19 show
a higher mortality rate at 60%. This concurs with pre-print studies that found similarly high
mortality rates [35, 44-47]. Despite the small number of patients that were analyzed, this
increases concerns about the prognosis of this vulnerable population. However, this high

PLOS ONE | https://doi.org/10.1371/journal.pone.0233147 May 11, 2020 8/13


https://doi.org/10.1371/journal.pone.0233147.g003
https://doi.org/10.1371/journal.pone.0233147

PLOS ONE

COPD and Smoking in pandemic COVID-19

mortality rate could be attributed to several factors. The majority of COPD patients have vari-
ous comorbidities that may also be associated with mortality and related conditions may have
been underreported because of the difficulties finding the specific cause of mortality [48].
Moreover, in patients with severe COPD, respiratory failure is the principal cause of mortality
and this demands ICU intervention. It is possible that limited access to respiratory support as
part of COVID-19 management may be contributing to this mortality, dependent on critical
care capacity in each hospital or region. According to a recent COVID-19 report from Italy,
the surge in patients requiring intensive care has been unmanageable, with 12% of positive
cases requiring ICU admission [49], more than that reported in China [18, 28]. As a conse-
quence, patients were dying because mechanical ventilation could not be offered, on top of
acute shortage of clinicians who were able to manage those patients [50, 51]. Until now, the
particular mechanisms of how COVID-19 increases COPD severity and mortality is unknown,
and undoubtedly more research is needed to find the possible mechanisms that linked COVD-
19 and increased severity and mortality of COPD patients.

Concerning smoking and COVID-19, our data showed a pooled prevalence of 9% current
smokers, (95% CI, 4%-14%), lower than the reported prevalence of smoking in China that was
25.2% (25.1-25.4) [52]. The overall I? was 92.49% among the studies, which indicates consider-
able heterogeneity. However, this was address by using random effect model to incorporate
between-study variability of effect sizes. Such heterogeneity is expected due to different study
designs, regions and outcomes. Interestingly, we found that 22.30% (31/139) of current smok-
ers and 46% (13/28) of ex-smokers had severe complications associated and greater mortality
reaching 38.5% in current smokers. The calculated RR from two studies showed that current
smokers were 1.45 times more likely [RR = 1.45, 95% CI: 1.03-2.04] to have severe complica-
tions compared to former and never smokers [18, 29]. The impact of smoking history on vul-
nerability to COVID-19 has been explored but there is limited data on the contribution of
tobacco smoking to the spread of and poor outcome in COVID-19. A recent systematic review
on COVID-19 and smoking including five studies found that smoking was most likely associ-
ated with the negative outcomes. This recommended further research to explore this in more
detail due to limited studies [32]. Evidence from other respiratory viruses, respiratory syncytial
virus, has shown that inhaled tobacco smoke raises the transmission rate and severity of viral
respiratory tract infections [53]. It seems there is underlying mechanisms behind this preva-
lence, as smoking has been related to higher expression of ACE2 (the receptor for SARS-CoV-
2) (pre-print) [54]. However, as more reports globally from diverse racial and genetic contexts
become available, differences in the production of ACE2 can be further evaluated and linked
to how they lead to COVID-19 vulnerability in different groups [55].

To our knowledge, the present study is the first to systematically evaluate existing literature
with a focus on risk of COVID-19 on COPD. For the first time, we conducted a meta-analysis
using a random effects model to calculate the pooled prevalence of COPD in confirmed
COVID-19 and examined outcomes. This increased the generalizability of our findings, as het-
erogeneity was addressed by incorporating between-study variability of effect sizes. We
showed that COPD and smoking in COVID-19 is associated with greater disease severity and
higher mortality. This review has some limitations. Few studies were eligible for inclusion and
most of them come from China. Second, heterogeneity exists in location, setting, and design.
The reported clinical characteristics were not available in most of the studies at the time of
analyses. This work has a number of clinical and research implications. It highlights the global
prevalence and the clinical effects of COVID-19 on COPD patients and smokers. As COPD
patients are at an increased risk of severe outcomes if they became infected with COVID-19, it
is recommended that patients and clinicians establish effective plans for ensuring prevention,
such as using tele-medicine to ensure that COPD receive the best care [56, 57]. We strongly
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advocate public awareness campaigns concentrating on ways to achieve smoking cessation
among smokers, and it is possible that an improvement in cessation rates will help to reduce
the spread of SARS-CoV-2. Future studies should investigate the mechanisms between COPD,
smoking and COVID-19 infection.

Conclusion

Though COPD prevalence in reported COVID-19 cases is low, COVID-19 infection is associ-
ated with significant severity and mortality in COPD. There was also increased risk of severe
disease and mortality in current smokers. Effective preventive measures are urgently required
to reduce COVID-19 risk on COPD patients and current smokers.
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