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a b s t r a c t 

Introduction: The highly infectious coronavirus disease 2019 (COVID-19) has now rapidly spread around the 
world. This meta-analysis was strictly focused on the influence of smoking history on the severe and critical 
outcomes on people with COVID-19 pneumonia. 

Methods: A systematic literature search was conducted in eight online databases up to 1 February 2021. All 
studies meeting our selection criteria were included and evaluated. Stata 14.0 software was used to analyze the 
data. 

Results: A total of 109 articles involving 517,020 patients were included in this meta-analysis. A statistically 
significant association was discovered between smoking history and COVID-19 severity, the pooled OR was 1.55 
(95%CI: 1.41-1.71). Smoking was significantly associated with the risk of admission to intensive care unit (ICU) 
(OR = 1.73, 95%CI: 1.36-2.19), increased mortality (OR = 1.58, 95%CI: 1.38-1.81), and critical diseases compos- 
ite endpoints (OR = 1.61, 95%CI: 1.35-1.93), whereas there was no relationship with mechanical ventilation. 
The pooled prevalence of smoking using the random effects model (REM) was 15% (95%CI: 14%-16%). Meta- 
regression analysis showed that age ( P = 0.004), hypertension ( P = 0.007), diabetes ( P = 0.029), chronic obstructive 
pulmonary disease (COPD) ( P = 0.001) were covariates that affect the association. 

Conclusions: Smoking was associated with severe or critical outcomes and increased the risk of admission to ICU 

and mortality in COVID-19 patients, but not associated with mechanical ventilation. This association was more 
significant for former smokers than in current smokers. Current smokers also had a higher risk of developing 
severe COVID-19 compared with non-smokers. More detailed data, which are representative of more countries, 
are needed to confirm these preliminary findings. 
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. Introduction 

Coronavirus disease 2019 (COVID-19) is a new type of severe acute
espiratory syndrome (SARS) resulting from a novel strain of coron-
virus, Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
). Coronaviruses, including strains considered to be the pathogens of
iddle East Respiratory Syndrome (MERS) and Severe Acute Respira-

ory Syndrome (SARS), are a group of single-stranded RNA viruses [1] .
lthough COVID-19, MERS and SARS share some of the similar clinical
anifestations and symptoms among, COVID-19 spreads more rapidly
∗ Corresponding author. 
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2,3] . Since being reported in China in late December 2019, COVID-19
as spread unprecedentedly around the world. On 12 March 2020, the
orld Health Organization (WHO) declared SARS-CoV-2 a global pan-

emic [4] . As of 4 February 2021, a total number of 103,448,210 cases
f COVID-19 have been reported, including 2,236,453 deaths, most hav-
ng been reported in America (46,270,502) and Europe (33,534,153)
5] . Initial study in China found that higher prevalence of current smok-
rs among severe cases of COVID-19 [6] . 

More than 1.1 billion people worldwide smoke, and SARS-CoV-2 is a
lobal epidemic affecting almost every country and region in the world,
 February 2021 
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hich highlights the significance of understanding the association be-
ween smoking and SARS-CoV-2 [7] . The main entrance route of the
irus is through the mucosal tissue, such as mouth, nose, upper respira-
ory tract, and less frequently conjunctival mucosa. It is well known that
obacco smoke exposure leads to pulmonary inflammation, augmented
ucosal inflammation, expression of tumor necrosis factor 𝛼 and inflam-
atory cytokines, increased permeability of epithelial cells, excessive
ucus production and impaired mucociliary clearance [8] . However,

he correlation between smoking and SARS-CoV-2 infectiousness may
e complicated. Some study suggested that smoking may increase the
isk of COVID-19 by enhanced expression of angiotensin-converting en-
yme 2 (ACE2) which is the receptor for SARS-Co-V-2 [9] . Conversely
nother study found that ACE2 among cigarette smokers might reduce
his risk [10] . 

A large case series reporting the clinical features and results of
OVID-19 patients from China found a higher prevalence of current
mokers with severe COVID-19 [6] . Moreover, according to a recent
eta-analysis [11] , smoking is a risk factor for COVID-19 progres-

ion, and the probability of COVID-19 progression to more severe or
ritical conditions or death in smokers is greater than that in non-
mokers. Interestingly, a cross-sectional study of COVID-19 outpa-
ient and inpatient indicated that daily smokers have a greatly lower
dds of progressing to symptomatic or serious SARS-CoV-2 infection
s compared with the ordinary population [12] . A systematic review
f the prevalence of current smokers in hospitalized COVID-19 pa-
ients in China suggested that pharmaceutical nicotine should be con-
idered as an underlying treatment option in COVID-19 on account
f the well-established immune regulation effects of nicotine [13] .
mong numerous ingredients of cigarette smoke, carbon monoxide
14] , several seasonings (such as menthol) [15] and nicotine [16] have
een shown to have anti-inflammatory and positive immunomodu-
atory impact. Under the circumstances in which the outcomes of
hese studies are controversial, this meta-analysis addresses the dis-
repancy in consequence with the objective of assisting clinicians to
valuate the prognosis of COVID-19 infection in patients with smoking
istory. 

. Methods 

.1. Search strategy 

A comprehensive systematic literature search was completed for rel-
vant available articles from online databases: (1) EBSCO; (2) PubMed;
3) Web of Science; (4) EMBASE; (5) Science Direct; (6) China Na-
ional Knowledge Infrastructure (CNKI); (7) Wanfang Data Knowl-
dge Service Platform; and (8) China Science and Technology Jour-
al VIP Database. The retrieval strategy was as follows: ( “smoking ”
R “cigarette ” OR “smoke ” OR “smoker ” OR “characteristics ” OR
risk factors ” OR “outcomes ” OR “Clinical ”) AND ( “coronavirus 2019 ”
R “COVID-19 ” OR “COVID19 ” OR “SARS-CoV-2 ” OR “Novel coron-
virus ” OR “2019 novel coronavirus ” OR “2019-nCoV infection ” OR
2019-nCoV disease ” OR “Wuhan pneumonia ” OR “Wuhan coron-
virus ” OR “2019-nCoV ”). The search was restricted to studies on
ankind published before 1 February 2021. In addition, we also re-

iewed the references of the interrelated articles to identify additional
tudies. 

.2. Eligibility criteria 

.2.1. Types of participants 

The diagnosis of COVID-19 patients was based on WHO interim
uidance or other accepted diagnostic criteria and treatment guideline,
ombined with epidemiological history, clinical manifestation, imaging
etection, sequencing, and real-time reverse transcription polymerase
hain reaction (real-time RT-PCR) of respiratory specimens which were
sed as tools to confirm positive cases. 
2 
.2.2. Types of exposure 

Current or former smokers before COVID-19 diagnosis. 

.2.3. Types of control 

Never smoked before COVID-19 diagnosis. 

.2.4. Types of outcome measures 

The outcome of the disease was divided into either a non-severe
roup (including mild type and ordinary type) or a severe group (in-
luding severe type and critical type), according to the guidance [17] .
ritical COVID-19 disease was defined as having composite endpoints
hich consisted of admission to the ICU, acute respiratory distress syn-
rome (ARDS), invasive ventilation, or death [ 18 , 19 ]. These outcomes
ere adopted in a previous study to assess the severity of other infec-

ious diseases [20] . 

.2.5. Inclusion criteria 

The included studies had to meet the criteria for participants, expo-
ure, control and outcomes described above. 

.2.6. Exclusion criteria 

(1) Article types including systematic reviews, meta-analyses, cor-
ections, non-research letters, commentaries and qualitative studies. (2)
he study was found to be a repeated publication. (3) The smoking data
as not available, and the full text of the article could not be acquired.

4) The literature was classified to be of low quality by quality evalua-
ion criteria. (5) Studies supported to any degree by the tobacco industry
TI). 

.3. Data extraction and quality assessment 

The literature retrieval, selection of research, and extraction of data
as conducted independently by two reviewers. Disagreements were

esolved through discussion with the third investigator. In the process
f extracting data, the severe COVID-19 patients were considered as
he case group, and the non-severe COVID-19 patients were considered
s the control group in the original articles. The exposure factor was
he history of smoking. The extracted data from the included studies
ere as follows: first author, publication year, location, type of study
esign, characteristics of included patients, sample size, age, sex, disease
utcome, number of patients in the severe and non-severe group. 

The methodological quality of retrospective and observational stud-
es was evaluated with the improved Newcastle-Ottawa scale (NOS)
 21,22 ], which is composed of three elements: patient selection, com-
arability between the two study groups and assessment of outcome.
or NOS, studies scored 0-3, 3-6, and 6-9 could be identified as low,
oderate and high quality, respectively [22] . 

.4. Statistical analysis 

All data statistical analyses were conducted using Stata (version 14.0;
tata Corp, College Station, TX) software. The results were displayed
sing forest plots. The raw data of extraction were used to compute
he pooled odds ratio (OR) estimates with 95% confidence interval (CI)
o assess the strength of association between smoking exposure and
OVID-19 severity. The heterogeneity across the included studies was
easured by Cochran’s Q test and I square ( I 2 ) statistic. I 2 values of
5%, 50% and 75% represent low, moderate and high heterogeneity,
espectively [23] . The random effects model attempts to evaluate the
istribution of the mean effect size in the light of the assumption that
ach primary study has a different population, while the fixed effect
odel estimates a single effect that is deemed to be common in each

tudy [24] . If I 2 < 50%, the fixed effects model was used for analysis, and
f I 2 ≥ 50%, the random effects model was used for analysis. Sensitivity
nalysis was performed to explore whether a study had a significant ef-
ect on the results [25] . Subgroup analysis was carried out to detect the
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Fig. 1. Flow diagram of the study search and selection process. 
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ource of heterogeneity. Furthermore, to estimate the contribution of
tudy characteristics to the overall heterogeneity, we adopted a meta-
egression analysis with restricted maximum likelihood method for age,
ender, sample size, hypertension, cardiovascular disease, diabetes and
OPD. On behalf of evaluating the significance of publication bias, we
mployed Egger’s and Begg’s tests combined with trim and fill method
unnel plots for quantitative determination and P < 0.05 was considered
o be the evidence of publication bias. 

. Results 

.1. Study selection and characteristics 

Based on the pre-formulated search strategy, a total of 9,138 poten-
ially relevant papers were generated from the online databases and the
eferences of the relevant articles, as described above. After screening of
bstracts, eventually 517,020 patients in 109 articles were able to sat-
sfy the eligibility criteria and were included in this meta-analysis. The
owchart of literature search is shown in Fig. 1 . Among the included
tudies, 50 studies were conducted in China [ 6 , 26-75 ], 27 in the United
tates [76-102] , 32 in other nations [103-134] . In terms of disease
utcomes in patients who smoke or not, 109 reported disease severity,
5 reported critical illness. The detailed patient characteristics and
3 
emographic data of the included studies are shown in Supplementary
able 1. 

.2. Meta-analysis results 

.2.1. Smoking history and disease severity (including severe and critical 

ype) 

Overall, unadjusted odds ratios (ORs) and their 95% confidence in-
ervals (CIs) were calculated for respective study using the number of
mokers (former and current) and never smokers with severe and non-
evere COVID-19 patients. A significant association was discovered sta-
istically between smoking and COVID-19 severity, the pooled OR was
.55 (95% CI: 1.41-1.71, I 2 = 80.4%, P < 0.001). The main result is shown
n Fig. 2 . 

.2.2. Smoking history and critical illness (including admission to ICU, 

ortality, mechanical ventilation and composite endpoints) 

Smoking (former and current) was not significantly associated with
echanical ventilation, with the pooled OR of 1.08 (95% CI: 0.83-1.40,

 

2 = 59.3%, P = 0.031). Whereas for the risk of admission to ICU, mortality
nd composite endpoints, it remained significant (OR = 1.73, 95% CI:
.36-2.19, I 2 = 55.6%, P = 0.006; OR = 1.58, 95% CI: 1.38-1.81, I 2 = 79.5%,
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Fig. 2. Forest plot for the association of smoking history and COVID-19 disease severity. 
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 < 0.001; OR = 1.61, 95% CI: 1.35-1.93, I 2 = 66.8%, P < 0.001). The result
s shown in Fig. 3 . 

.2.3. Differences between current, former and never smokers on disease 

everity 

25 articles reported the number of former smokers and current smok-
rs respectively. The result suggested that there was a significant re-
ationship between former smokers and the risk of severe COVID-19,
ompared to the current smokers, and the pooled OR was 1.85(95%
I: 1.33-2.55, I 2 = 67.7%, P < 0.001). However, there were no significant
4 
ffects neither in the comparison between current smokers and never
mokers, nor in current smokers and never or former smokers. 

Furthermore, we extracted data of only current smokers from 26 arti-
les, a statistically significant association was also found, the pooled OR
as 1.19 (95% CI: 1.11-1.26, I 2 = 44.3%, P = 0.009). The detailed results
re shown in Supplementary Figs. 1-4. 

.2.4. Prevalence of smokers among COVID-19 patients 

The prevalence of smokers among COVID-19 patients were assessed
sing meta-analysis of proportions. The smoking prevalence ranged
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Fig. 3. Forest plot for the association of smoking history and critical outcome (including ICU care, mortality, mechanical ventilation and composite endpoints) in 
patients with COVID-19. 
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rom 2% to 47%. The pooled prevalence of smoking for the random ef-
ects model was 9% (95% CI: 8%-10%, I 2 = 89.9%) in China, 20% (95%
I: 16%-24%, I 2 = 99.3%) in the United States of America (USA) and 19%
95% CI: 17%-20%, I 2 = 99.3%) in other areas. Findings from the meta-
nalysis of the random effects model are presented in Supplementary
ig. 5. 

.2.5. Subgroup analysis and meta-regression 

To evaluate whether specific study characteristics had an im-
act on the association between smoking and the risk of COVID-19
isease progression, we performed a predesigned subgroup analysis
tratified by the location where the study was conducted, median
ge (years), male proportion, sample size, prevalence of hyperten-
5 
ion, diabetes, cardiovascular disease (excluding hypertension) and
OPD. 

The pooled ORs of the association between smoking and severity of
atients with COVID-19, on the basis of different geographical locations
f the research, indicated that smoking was statistically significantly
ssociated with COVID-19 severity in China (OR = 1.81, 95% CI: 1.52-
.15, I 2 = 30.1%), USA (OR = 1.43, 95% CI: 1.21-1.70, I 2 = 82.8%) and
ther areas (OR = 1.47, 95% CI: 1.24-1.74, I 2 = 88.9%). Subgroup anal-
sis based on median age groups showed a statistically significant as-
ociation among those whose age ≥ 40 years ( P < 0.001) but not in the
ge group of < 40 years. There was a statistically significant correla-
ion for the proportion of males in the subgroups. In regard to sam-
le size, there was no statistically significant association for subgroups



H. Zhang, S. Ma, T. Han et al. European Journal of Integrative Medicine 43 (2021) 101313 

Table 1 

The subgroup analysis of COVID-19 outcome between smokers and non-smokers. 

Subgroups 
Number of 
studies OR(95%CI) Z P 

Heterogeneity 

I 2 (%) P 

Location 

USA 27 1.43(1.21,1.70) 4.14 0.000 82.8 0.000 

China 50 1.81(1.52,2.15) 6.71 0.000 30.1 0.025 

Other 32 1.47(1.24,1.74) 4.54 0.000 88.9 0.000 

Median age (years) 

< 40 5 1.45(0.55,3.32) 0.91 0.362 73.8 0.004 

40-49 28 1.82(1.40,2.37) 4.44 0.000 70.3 0.000 

50-59 31 1.75(1.48,2.07) 6.62 0.000 48.9 0.001 

≥ 60 40 1.34(1.15,1.56) 3.81 0.000 69.7 0.000 

Male proportion(%) 

< 50% 17 2.10(1.55,2.85) 8.53 0.000 76.2 0.000 

≥ 50% 89 1.45(1.32,1.59) 7.79 0.000 71.9 0.000 

Sample size 

< 100 22 1.17(0.73,1.88) 0.65 0.516 32.6 0.071 

100-199 24 1.41(1.04,1.93) 2.20 0.028 41.7 0.018 

200-599 31 1.46(1.27,1.68) 5.12 0.000 22.6 0.131 

≥ 600 32 1.71(1.49,1.96) 7.62 0.000 92.9 0.000 

Prevalence of hypertension 

≤ 30% 43 1.59(1.37,1.86) 5.96 0.000 77.5 0.000 

> 30% 51 1.44(1.30,1.59) 7.17 0.000 42.6 0.001 

Prevalence of diabetes 

≤ 10% 24 1.78(1.30,2.43) 3.63 0.000 61.1 0.000 

> 10% 75 1.47(1.32,1.62) 7.39 0.000 81.1 0.000 

Prevalence of cardiovascular disease 

≤ 40% 61 1.51(1.34,1.69) 7.00 0.000 78.4 0.000 

> 40% 3 1.15(0.42,3.12) 0.27 0.790 79.1 0.008 

Prevalence of COPD 

≤ 5% 33 1.55(1.38,1.74) 7.39 0.000 64.4 0.000 

> 5% 27 1.35(1.17,1.56) 4.08 0.000 39.1 0.021 

USA: the United States of America; COPD: chronic obstructive pulmonary disease. 
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ith sample size < 100 while it was significant for those with sample
ize ≥ 100. 

Due to the limitations in the original data, we divided the subgroups
f underlying comorbidities according to percentage. Considering the
revalence of hypertension, diabetes and COPD [ 135 –137 ], there was
tatistical significance in all subgroups ( ≤ 30% and > 30%; ≤ 10% and
 10%; ≤ 5% and > 5%). In terms of prevalence of cardiovascular dis-
ase [138] , a statistically significant association was found in studies
ith prevalence of cardiovascular disease ≤ 40% whereas no relevance

ound in studies with prevalence of cardiovascular disease > 40%. The
etailed heterogeneity values and major results of subgroup analysis are
isplayed in Table 1 . 

In addition, it should be noted that heterogeneity decreased when
he included studies were divided into subgroups based on median age,
ample size and prevalence of underlying comorbidities, suggesting that
hese factors may be the source of heterogeneity in the process of pooling
ffect size. 

Meta-regression analysis indicated that the association between
moking history and increased COVID-19 severity was influenced by
ge ( P = 0.004), hypertension ( P = 0.007), diabetes ( P = 0.029), COPD
 P = 0.001), but not by gender ( P = 0.078), sample size ( P = 0.148), car-
iovascular diseases ( P = 0.289) and . The bubble plot is shown in Sup-
lementary Fig. 6. 

.3. Sensitivity analysis and publication bias analysis 

Sensitivity analysis excluded any of the included studies, and the
ariation observed in combined OR was insignificant, which demon-
trated the stabilization of the meta-analysis consequences. The results
f Begg’s and Egger’s tests suggested that there were publication bias
cross the studies ( P < 0.001). However, after adding 33 points to elim-
nating the influence of publication bias, the center of the funnel chart
oved to the left. The 95% confidence interval before and after trim and
ll method was not statistically significant, indicating that the result was
6 
table. The trim and fill method funnel plot is shown in Supplementary
ig. 7. 

. Discussion 

Based on the results of this meta-analysis, smoking history was
hown to be associated with increased severity of disease in COVID-19
atients. In addition, this association also existed for critical illness of
atients with COVID-19 in ICU care, mortality and composite endpoints
ubgroup but was not significant for the mechanical ventilation sub-
roup. It is still unclear whether people with smoking history are more
ikely to be infected with COVID-19 disease. However, individuals with
moking history tend to be more severely influenced by COVID-19, with
ngiotensin converting enzyme 2 (ACE2) being a potential explanation.
his enzyme has been identified as a cell entry receptor for SARS-CoV-2
9] . Exposure to cigarette smoke increased the expression of coronavirus
eceptor ACE2 in respiratory tissues of rodents and humans, which was
otentially reversible, according to a study [139] . This up-regulation is
ossibly mediated by the expansion of ACE2 + secretory cells resulted
rom chronic smoke exposure. Some inflammatory cytokines also trig-
er the up-regulation of ACE2, which may further affect the expression
f ACE2 due to smoking-related pulmonary inflammation. The exces-
ive burden of ACE2 in the lungs of smokers may partly explain why
mokers are more likely to develop severe SARS-CoV-2 infection, which
equires more aggressive medical intervention [139] . Furthermore, it
s well known that smoking alone can increase risks of cardiovascular
iseases, cerebral vascular accidents, Chronic Obstructive Pulmonary
isease and other comorbidities that might contribute to develop se-
ere outcomes of smokers contracting COVID-19. Besides, in vivo and
linical data suggested that cigarette smoke increased the expression of
athepsin B, which enhanced the possibility of increased susceptibility
mong smokers towards COVID-19 infection [140] . 

In terms of the stratification of smoking history, the results of this
eta-analysis found a significant association between smoking and the
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everity of COVID-19 in former smokers, compared with current smok-
rs. This may be due to the fact that former smokers are likely to be
lder and have smoked for longer time than current smokers. Despite
he relative lower risk compared with former smokers, current smok-
rs also have a higher risk of developing severe COVID-19 compared
ith non-smokers. There is sufficient scientific data to indicate that the
ositive effects of smoking on COVID-19 is likely to be mediated by
icotine. It is known that to SARS-CoV-2 enters cells via ACE2 receptor
 141 , 142 ], and there is evidence that nicotine regulates the expression
f ACE2 [143] , which could in turn regulates the nicotinic acetylcholine
eceptor. Since patients are usually forced to quit smoking and nicotine
uring hospitalization, tobacco (nicotine) cessation could give rise to the
elease of nicotine receptors, which are increased in smokers, as well as
o a deteriorating of disease observed in former smokers owe to the “re-
ound effect ” [12] . Additionally, the benefits of improving pulmonary
unction of smoking cessation are less among older smokers as a result
f the cumulative lung damage over a prolonged period of time [144] . 

Regarding smoking prevalence and COVID-19 infection, the results
howed a pooled prevalence of smoking was 9% (95% CI: 8%-10%)
mong the COVID-19 patients in China, which was lower than 27.7%
moking prevalence among general population in 2015 [145] . Reported
ooled smoking prevalence in USA was 20% (95% CI: 16%-24%) among
he COVID-19 patients, higher than the 13.7% reported in 2018 [146] .
n view of the circumstances of the pandemic, the quality of data in
hina, the United States and other nations is uncertain. However, even

f a better data collection method was used to report smoking condi-
ions, a similarly low smoking prevalence was also found among hospi-
alized COVID-19 patients [147] . Although these findings are confusing,
he results deserve serious scientific consideration in the search for new
reatments to prevent the spread of the novel coronavirus pandemic and
estrict morbidity and mortality of COVID-19. 

The results of subgroup analysis suggested that a statistically signif-
cant association between smoking and COVID-19 disease severity was
ound in China, USA and other nations. In terms of median age, the re-
ults showed a statistically significant relationship in median age ≥ 40
ears whereas not in < 40 years subgroup. The epidemic situation of
OVID-19 seems to more severely affect the middle-aged and elderly. A
ingle-center study that analyzed the complete clinical data of hospital-
zed patients with COVID-19 found that elderly patients with confirmed
OVID-19 were more likely to develop ARDS and cardiac injury than
ounger patients and were more likely to be admitted to the ICU [148] .
ased on gender subgroups, the results showed that statistically signifi-
ant correlation was found in both subgroups. Although some evidence
f gender differences in the severity of COVID-19 disease appeared in
hina, where the number of hospitalizations and mortality were higher

n males than females [ 149 , 150 ], which could be explained by more cir-
ulating ACE2 in males [151] . However, another study showed that the
xpression of ACE2 was equivalent between males and females [139] .
onsidering smoking may increase the expression of ACE2 [ 139 , 152 ],
he different expressions of ACE2 between male and female could be fur-
her reduced. Therefore, male and female smokers may face similar risk
f COVID-19 infection, as shown in our study. Nevertheless, more stud-
es are needed to explore the effects of smoking on ACE2, and whether
here is a difference between male and female smokers. 

Cigarette smoke is composed of over 7,000 different compounds,
ost of which have adverse effects on respiratory tract cells. In addi-

ion to more than 50 known human carcinogens, tobacco smoke also
ontains toxins, chemical reactions of solid substances and oxidants
 153 , 154 ]. Smoking can lead to oxidative stress and inflammation in
he lung, which make smokers more vulnerable to bacterial or viral in-
ections [ 155 , 156 ]. Oxidative stress has negative influence on epithelial
ermeability and the expression of ACE2, which may have a serious
ffect on smokers with COVID-19 disease [ 157 , 158 ]. However, the im-
lication of cigarette smoke on the immune system is diverse, with dual
roperties-pro-inflammatory and immunosuppressive. Due to different
ays of smoking (how to smoke, number of puffs, puff duration, puff
7 
olume, etc.), age, gender, source and socioeconomic status, the impact
f smoking on the immune system may also vary between smokers and
assively exposed people [159] . Experimental evidence demonstrates
hat smoking may exert both beneficial and adverse influences on the
egulation of the immune system [36] . It is worth noting that individual
omponents found in cigarettes, such as nicotine, may have a differ-
nt impact on ACE2 than whole cigarettes, and that smoking itself may
hange ACE2 levels in non-respiratory organs in different modes [160] .
icotine, one of the primary components of tobacco cigarette smoke,
as been found to prevent acute lung damage in an animal model of
RDS and to restrain the expression of TNF in airway epithelial cells in
itro [ 161 , 162 ]. It also showed anti-inflammatory properties in humans
xposed to endotoxin [163] . Besides, nicotine is an agonist of cholin-
rgic anti-inflammatory pathway that modulates host immune and in-
ammatory reaction [164] . Although the results of meta-analysis in-
icated that smoking increased the risk of developing severe illness of
OVID-19, it is not clear whether the harm comes from nicotine itself or

rom other toxic ingredient of tobacco smoke. Consequently, according
o current research, the positive or neutral effect of nicotine alone on
he severity of the disease cannot be ruled out. Furthermore, the World
ealth Organization (WHO) lists nicotine replacement therapy as an es-

ential medicine. As a matter of fact, the Addiction Prevention Network
n France (RESPADD) usually advises smokers to use nicotine replace-
ent therapy when hospitalized for any disease [165] . 

Our meta-analysis has several limitations. First, in view of the ur-
ency of the epidemic, it may be that the smoking situation of patients
as inaccurately recorded or some patients were unable to report their

moking condition. It is also possible that some patients were already in
ritical condition when they were hospitalized, which would affect their
bility to communicate and report their smoking status. Additionally,
moking duration was not reported in the majority of included stud-
es. The majority of included studies did not classify former smoking
nd current smoking. This may have result in an underestimation of
he prevalence of smoking, and some former smokers may have been
isclassified as never smokers. Pack-year of cigarette smoking history
as also not reported. Second, since all included studies did not statis-

ically adjust the effect of smoking for baseline confounding variables,
nd the subjects were patients diagnosed with COVID-19, the risk as-
essment we reported did not represent the influence of smoking on the
isk of COVID-19 infection in the general population. And only symp-
omatic patients, but not asymptomatic carriers, were included. Third,
or some articles the full text could not be retrieved during the search
f the literature. In addition, due to the limitation of extractable data in
he original article, we were unable to analyze the relationship between
he treatment success (or recovery) and smoking history. Finally, none
f these studies evaluated electronic cigarette use. 

The effects of smoking history on COVID-19 severity has been
reviously reported in several meta-analysis, which were limited by
mall included sample size and incomplete analytical method. As far
s we know, our meta-analysis is the largest meta-analysis in the peer-
eviewed literature to assess the impact of smoking on the severity of
OVID-19. It strictly and specifically refined the influence of smoking
istory on the severity of COVID-19. We conducted more detailed sub-
roup analysis and meta regression to explore the factors that may affect
his association. We also made a distinction of never, former and cur-
ent smokers in COVID-19 patients. And our classification of COVID-19
isease outcomes is more detailed. 

In conclusion, smoking is associated with severe and critical out-
ome in COVID-19 patients, and increased the risk of admission to ICU
nd mortality, while not with mechanical ventilation. This association
s more significant in former smokers than in current smokers. And the
urrent smokers also have a higher risk of developing severe COVID-19
ompared with non-smokers. We ought to advocate public awareness
ampaigns focusing on how to achieve smoking cessation among smok-
rs. The beneficial effects of nicotine replacement in treating patients
ith COVID-19 still remains controversial. More detailed data, which
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re more representative of the global population, are needed to confirm
hese preliminary findings. 
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