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Abstract 

Background:  A paradoxical hypothesis about the effect of smoking on patients infected with severe acute respira‑
tory syndrom 2 (SARS-CoV-2) infection still exists. Furthermore, gender-discrepancy in the impact of smoking on 
COVID-19 severity was given little attention. Thus, the aims of the present study were to evaluate the prevalence of 
smoking and the COVID-19 infection severity in a sample of adult patients diagnosed with COVID-19 and to explore 
the relationship between smoking status and SARS-CoV-2 infection severity in the overall sample and stratified by 
gender.

Methods:  A retrospective analytical study was conducted on patients diagnosed with COVID-19 cases between 
December, 2020 and April, 2021 from three leading laboratories in Lebanon. Sociodemographic characteristics, smok‑
ing status and clinical symptoms were collected. Multinomial logistic regression analysis was used to explore the 
relationship between smoking status and SARS-CoV-2 infection severity.

Results:  A total of 901 confirmed COVID-19 cases participated in the study, 50.8% were females. The mean age of 
patients was 38.4 years (SD = 15.3). Of the total sample, 521(57.8%) were current smokers. Regarding infection sever‑
ity, 14.8% were asymptomatic, 69.9% had mild symptoms, while 15.3% had severe infection. In the overall sample, 
smoking status, smoking types and dose–response were not significantly associated with infection severity. Upon 
stratifying the entire sample by gender, no association was found between all the considered variables with infection 
severity among females. However, a significant association was found among male with mild infection compared 
to their asymptomatic counterparts (OR = 1.78 95% CI (1.01–3.13)). Waterpipe smoking was found to be associated 
with infection severity among male with mild infection (OR 2.64 (95% CI 1.32–5.27)) and severe infection 2.79, 95% CI 
(1.19–6.53) compared to their asymptomatic counterparts.

Conclusion:  Our fundings highlight sex differences in the association between tobacco smoking and COVID-19 
severity. Current tobacco smoking was not associated with SARS-CoV-2 infection severity among female patients, 
however, tobacco smoking, particularly waterpipe, was found to be associated with infection severity among male. 
Thus, the battle against smoking should continue by assisting smokers to successfully and permanently quit.
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Introduction
The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), the causative agent of coronavirus dis-
ease (COVID-19), has rapidly swept the globe, producing 
devastating threats on global public health and economy 
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[1]. SARS-CoV-2 holds a higher aggressive and conta-
gious capacity than any prior human coronavirus [2]. 
Tremendous efforts have been made to better understand 
transmission, mechanisms and pathophysiology, as well 
as developing new diagnostic, preventative and thera-
peutic measures. Studies have identified that the cell sur-
face molecule angiotensin-converting enzyme 2 (ACE2) 
serves as the prominent host receptor and mediates the 
process of SARS-CoV-2 infection in human cells [3–5]. In 
particular, the SARS-CoV-2 spike (S) protein binds to the 
cellular ACE2-mediates the subsequent fusion between 
viral envelope and host cell membrane through receptor-
mediated endocytosis, thereby allowing viral entry into 
host cells [6]. Globally, several strategies were adopted to 
fight SARS-CoV-2 induced alveolar damages and reduce 
the symptoms’ severity [7].

As this new virus spreads, more questions about 
COVID-19 disease severity risk factors arise. Observa-
tional studies have consistently identified several risk fac-
tors including older age, male sex and comorbidities such 
as cancer, hypertension, diabetes and respiratory diseases 
[8–10]. However, studies evaluating the impact of smok-
ing on COVID-19 vulnerability have shown contradictory 
results. Whilst a protective effect existed in research con-
ducted early during the pandemic with lower smoking 
prevalence among COVID-19 patients compared to the 
general population, a positive association was reported in 
other studies suggesting that smoking would worsen the 
SARS‐CoV‐2 prognosis including hospitalization in an 
intensive care unit, the need for mechanical ventilation, 
or mortality [11–14]. In addition, some studies revealed 
no association between smoking and SARS-CoV-2 infec-
tion [15, 16].

Along with the conflicting observational evidence 
that a "smoker’s paradox" exists in COVID-19, several 
mechanisms have been proposed [17–20]. Authors pos-
tulate that nicotine would protect against COVID-19 
through the SARS-CoV-2 penetration and propagation 
inhibition [21, 22]. Within the respiratory tract and 
central nervous system, nicotine is thought to compete 
with SARS-CoV-2 for the nicotinic acetylcholine recep-
tor binding site that works as a co-receptor for viral cell 
entrance resulting in a decrease in accessible viral adhe-
sion sites [23]. To support this hypothesis, several stud-
ies were initiated to elucidate the relationship between 
nicotine and SARS-CoV-2 infection severity [16, 24, 
25]. Conversely, a hypothetical relationship between 
smoking and severe COVID-19 symptoms can be made 
as smoking was consistently found to be associated 
with increased morbidity and mortality in a variety of 
respiratory infections due to its immune response’s 
suppressive effect [17, 26]. Gene expression and sub-
sequent receptor levels are elevated in the airway and 

oral epithelium of current smokers, consequently put-
ting smokers at higher risk of contracting SARS-CoV-2 
[27, 28]. It is worth noting that the majority of the pub-
lished studies that falls under the scope of smoking and 
SARS-CoV-2 severity were conducted among hospital-
ized COVID-19 patients [29]. The latter represents only 
a minority among SARS-CoV-2 confirmed population. 
However, asymptomatic and clinically mild infections 
that do not necessitate hospitalization are more likely 
to occur. Thus, it would be interesting to evaluate the 
prevalence of smoking and to clarify the association 
between smoking and COVID-19 severity in a sample 
of COVID-19 patients that present the full spectrum of 
disease severity ranging from asymptomatic to severe 
disease level.

Lebanon, a small developing country located on the 
eastern shore of the Mediterranean Sea, was ranked third 
in the world for having the most smokers per capita for 
both sexes [30]. The World Health Organisation esti-
mates of 2018 revealed that the prevalence of current 
tobacco smoking in Lebanon is 42.6% [31]. The most 
recent household survey revealed a significatly higher 
cigarette smoking rate in males than females (48.6% and 
21.5% respectively) and a high prevalence of waterpipe 
smoking with 32.7% and 46.2% males and females respec-
tively [32]. Therefore, assessing the association between 
smoking and COVID-19 severity in Lebanon is greatly 
representative and instructive. Thus, the aims of the 
present study were to evaluate the prevalence of smok-
ing and the COVID-19 infection severity in a sample of 
adult patients diagnosed with COVID-19. In addition, we 
sought to explore the relationship between smoking and 
SARS-CoV-2 infection severity.

Materials and methods
Data source
An observational retrospective analytical study was con-
ducted on patients diagnosed with COVID-19 at the 
Islamic Health Society (IHS): one of the largest non-gov-
ernmental organizations in Lebanon. All the electronic 
laboratory records of confirmed SARS-CoV-2 cases in 
three IHS laboratories between December, 2020 and 
April, 2021 were accessed. Adult patients aged 18  years 
and above and who tested positive for SARS-CoV-2 by 
the reverse-transcriptase–polymerase chain reaction 
testing (RT-PCR) of nasopharyngeal swab were eligible 
to participate in the study. Eligible patients were con-
tacted via phone by the IHS “Corona Call Center”, and 
were asked to provide an oral informed consent to par-
ticipate in the study. The study protocol was approved by 
the Islamic Health Society Research Ethics Committee 
(11-21,421-SC).
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Data collection
Participants were asked to provide data regarding their 
sociodemographic characteristics (age, gender, edu-
cation), weight, height, diverse comorbidities, smok-
ing behaviors (current smoking consumption, type of 
tobacco, frequency and intensity of current smoking 
and duration of smoking), previous SARS-CoV-2 infec-
tion (symptoms, duration, and severity), treatment, and 
hospitalization (admission).

Main outcomes
Smoking status was defined as never smoked (i.e. per-
sons who had never smoked regularly), and current 
smokers. To explore the dose–response effect, a vari-
able by collapsing data on smoking status and smok-
ing duration in years was created as follows: current 
smokers grouped with mild smokers (≤ 10 cigarettes/
day for < 15 years), moderate smokers (≤ 10 cigarettes/
day for ≥ 15  years or > 10 cigarettes/day for < 15  years), 
and heavy smokers (> 10 cigarettes/day for ≥ 15  years) 
[16]. For waterpipe smokers, participants were grouped 
with mild smokers (≤ 4 waterpipe /week for < 15 years), 
moderate smokers (≤ 4 waterpipe /week for ≥ 15 years 
or > 4 waterpipe /week for < 15 years), and heavy smok-
ers (> 4 waterpipe /week for ≥ 15  years). To calculate 
the cumulative dosing of cigarette/waterpipe smoking, 
smoking duration (in years) was multiplied by the mean 
number of daily cigarette packs or number of times 
waterpipes were used weekly.

Patients with COVID-19 were classified into three 
levels:

–	 Asymptomatic infection: absence of SARS-CoV-2 
symptoms;

–	 Mild infection: presence of at least one SARS-
CoV-2 symptoms excluding pneumonia;

–	 Moderate/Severe infection: presence of pneumonia 
and/or hospitalization for COVID-19 [16].

Sample size calculation
The sample size was calculated using the Epi Info™ 
tool (Center for Disease Control, Atlanta, GA, USA). 
Available from http://​www.​cdc.​gov/​epiin​fo/. A mini-
mal sample size of 384 was calculated assuming a priori 
estimated 42.6% smoking prevalence in Lebanese pop-
ulation [31], a confidence interval of 95%, a maximum 
allowable error in the prevalence of 1%, and a Lebanese 
population size of 4,842,000 habitants based on the lat-
est Lebanese census data [35].

Statistical analysis
Sociodemographic and clinical characteristics of the par-
ticipants were described using the mean (standard devia-
tion) for continuous variables, and the number (percent) 
for qualitative variables. Categorical variables were com-
pared in univariate analyses (Pearson chi square test) and 
the means of continuous variables with the Student’s t 
test or the one-way analysis of variance (ANOVA). Bivar-
iate multinomial logistic regression models (overall, split 
by gender) were conducted to explore the association 
between smoking status and dosages and SARS-CoV-2 
infection severity. The infection severity variable (asymp-
tomatic, mild and severe) was considered as dependent 
variable using “asymptomatic” as a reference category; 
smoking status (smokers versus non-smokers) and dos-
ages variables such as smoking type (non-smokers, ciga-
rette smokers, waterpipe smokers,and dual smokers); 
dose–response relationship for cigarette (non-smokers, 
mild, moderate, heavy) and waterpipe (non-smokers, 
mild, moderate, heavy) were considered as independ-
ent variables. Independent variables with p-value < 0.2 
were included in the model. The covariables used for 
each model were age, body mass index and comorbidities 
(no versus yes). Associations were estimated with odds 
ratios (ORs) along with their corresponding 95% confi-
dence intervals. The akaike information criterion (AIC) 
was computed to determine how the data fit the regres-
sion model. All tests were two-sided and statistical sig-
nificance was set at p-value < 0.05. The collected data was 
analyzed with the Statistical Package for Social Sciences 
software (SPSS) version 26.

Results
A total of 901 confirmed COVID-19 cases participated 
in the study of whom 50.8% were females. The mean age 
of patients was 38.4  years (SD = 15.3). About one third 
of the participants (34.9%) had a university education 
level. Patients with underlying disease represented 31.3% 
of the total. Out of 901 patients, 521(57.8%) were cur-
rent smokers, out of whom 41.8% were cigarette smok-
ers, 52.8% were waterpipe smokers and 5.4% were dual 
smokers. Demographic and clinical characteristics of 
the COVID-19 patients as per their smoking status are 
shown in Table 1. Smokers were more likely to be males 
(58.2% males vs 41.8% females) and to have a lower mean 
age (38.3 years) as compared to non-smokers (38.6 years). 
Comorbidities among smokers were higher than among 
non-smokers (69.1% vs 30.9%).

Comparisons of demographic and clinical informa-
tion between asymptomatic patients and those with mild 
or severe disease are shown in Table  2. Infection sever-
ity was associated with age, gender, educational level 

http://www.cdc.gov/epiinfo/
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and comorbidities (p-value˂0.05). The highest mean 
age was found among patients who had a severe infec-
tion compared to their asymtomatic counterparts or 
patients with mild infection (47.0  years old for severe 
cases versus 36.9  years for mild and asymptomatic 
patients (p-value < 0.0001)). Men had more severe infec-
tion than women (17.9% versus 12.6%; p-value = 0.03). 
Participants with primary school were more likely to suf-
fer from severe infection compared to their counterparts 
with high education level (24.5% versus 9.5% and 12.7% 
for Middle or high school and university educational 
level respectively; p < 0.0001). Results also showed that 
COVID-19 cases with comorbidities had high propor-
tion of severe infection compared to their asymtomatic 
counterparts or patients with mild infection (49.3% ver-
sus 28.9% and 24.1% for mild and asymptomatic patients 
respectively; p < 0.0001) (Table 2).

Table  3 shows the COVID-19 clinical characteristics 
and smoking status of the study participants. Of the 
total patients, 14.8% were asymptomatic, 69.9% had mild 
symptoms, while 15.3% had severe infection. Among the 
symptomatic patients, the most common symptoms were 
headache (59.4%), muscle or bone pain (53.5%), fever 
(46.9%) and cough (44.2%). Results showed that no signif-
icant association between infection severity, self reported 
SARS-CoV-2 symptoms, hospitalisation and cigarette 
smoking (p-value ˃0.05). Moreover, no significant asso-
ciations between infection severity, hospitalisation and 
waterpipe smoking were found. Regarding self-reported 
symptoms, on the other hand, patients who smoked had 
olfactory and taste disorders approximately double than 
non-smokers (66.9% versus 33.1%) (p-value = 0.02). Fur-
thermore, non-smokers were more fatigue than smok-
ers (45.8% versus 54.2%, P-value = 0.01). Patients who 

smoked cigarette moderately and heavily had signifi-
cantly higher percentage of cough (41.3% and 53.8% for 
moderate and heavy smokers, respectively) compared to 
their mild counterparts (5.0%) (p-value = 0.04) (Table 3).

Table 4 shows adjusted ORs with 95% CI from multi-
nomial logistic regression, with the severity groups as the 
dependent variable (asymptomatic group as reference), 
and smoking status and dosages as independent varia-
bles. In the overall sample, smoking status, smoking types 
and dose–response were found no significant at 5% level 
of significance. Upon stratifying the entire sample by gen-
der, no association was found between all the considered 
variables with infection severity among females. How-
ever, a significant association was found among male with 
mild infection compared to their asymptomatic counter-
parts (OR = 1.78 95% CI (1.01–3.13). Waterpipe smoking 
was found to be associated with infection severity among 
male with mild infection (OR 2.64 (95% CI 1.32 and 5.27) 
and severe infection 2.79, 95% CI (1.19–6.53) compared 
to their asymptomatic counterparts. Regarding waterpipe 
dose response relationship, moderate dose consumption 
was associated with infection severity among male with 
severe infection compared to their asymptomatic coun-
terparts (OR = 2.48, 95% CI 1.06–5.79).

Discussion
The aim of the present study was to evaluate the preva-
lence of smoking in a sample of adult patients diagnosed 
with COVID-19 and to explore the relationship between 
smoking and SARS-CoV-2 infection severity. Findings 
showed a high tobacco smoking prevalence among the 
901 SARS-CoV-2 confirmed cases. Regarding infec-
tion severity, 14.8% were asymptomatic, 69.9% had mild 
symptoms, while 15.3% had severe infection. In the 

Table 2  Sociodemographic and clinical characteristics of the study participants by infection severity

† ANOVA test; ††Chi-square test, *Infection severity: asymptomatic infection: without SARS-CoV-2 symptoms; mild infection: at least one SARS-CoV-2 symptoms 
excluding pneumonia; severe infection: presence of 3 or more SARS-CoV-2 symptoms with pneumonia and/or hospitalisation for SARS-CoV-2

Variables All participants 
(n = 901)

Infection severity* p-value

Asymptomatic infection 
(n = 133)

Mild (n = 630) Moderate/severe 
(n = 138)

Age, years mean (SD) 38.4 (15.3) 36.9 (14.7) 36.9 (14.7) 47.0 (15.8)  < 0.0001†

Gender n (%)

 Male 458 (49.2) 73 (15.3) 303 (66.2) 82 (17.9) 0.03††

 Female 443 (50.8) 60 (13.5) 327 (73.8) 56 (12.6)

Education n (%)

 Primary school 212 (23.5) 29 (13.7) 131 (61.8) 52 (24.5)  < 0.0001††

 Middle or high school 199 (22.1) 37 (18.6) 143 (71.9) 19 (9.5)

 University 314 (34.9) 44 (14.0) 230 (73.2) 40 (12.7)

BMI, (kg/m2) mean (SD) 26.6 (5.1) 26.4 (4.5) 26.5 (5.1) 27.5 (5.6) 0.12†

Comorbidities n (%) 282 (31.3) 32 (24.1) 182 (28.9) 68 (49.3)  < 0.0001††
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overall sample, smoking status, smoking types and dose–
response were not significantly associated with infection 
severity. Upon stratifying the entire sample by gender, no 
association was found between all the considered vari-
ables with infection severity among females. However, 
a significant association was found among male with 
mild infection compared to their asymptomatic coun-
terparts. Waterpipe smoking was found to be associated 
with infection severity among male with mild infection 
and severe infection compared to their asymptomatic 
counterparts.

In our sample, smoking prevalence was 57.8% exceed-
ing the WHO prevalence estimates of current tobacco 
smoking in 2018 (42.6%) [31], as well as the preva-
lence of tobacco smoking reported among the hospital-
ized COVID-19 patients of Khalil et  al. study (42.3%) 
[33]. Results also revealed a high prevalence of tobacco 

smoking among male participants (58.2%) compared to 
their females counterparts (41.8%) which also exceeded 
the WHO prevalence estimates of current tobacco (49.2% 
and 35.9% males and females respectively) [31]. In our 
sample, only 14.8% of COVID-19 cases were asympto-
matic. A possible explanation of the high tobacco smok-
ing prevalence and the low prevalence of asymptomatic 
cases is that PCR testing is likely to be limited to vul-
nerable symptomatic subgroups, with the potential for 
these groups to include an overrepresentation of current 
tobacco smokers. Moreover, due to the increased preva-
lence of COVID-19-related symptoms, such as cough, 
increased sputum production, or altered taste or smell, 
current tobacco smokers may be more likely to present 
for testing, raising the denominator in comparisons to 
non-smokers and potentially inflating the prevalence of 
SARS-CoV-2 infection among current smoker. Thus, the 

Table 4  Adjusted odds ratio (OR) with 95% confidence intervals (CIs) from bivariate multinomial logistic regression of COVID-19 
severity groups and smoking status and dosages (N = 901)

Significant results are presented on bold

Cigarette smoking: Mild smokers: ≤ 10 cigarettes/day for ˂15 years, moderate smokers: ≥ 10 cigarettes/day for ˂15 years or ˃10 cigarettes/day for ˂15 years, and 
heavy smokers: > 10 cigarettes/day for ≥ 15 years. Waterpipe smoking: Mild smokers (≤ 4 waterpipe /week for < 15 years), moderate smokers (≤ 4 waterpipe /week 
for ≥ 15 years or > 4 waterpipe /week for < 15 years), and heavy smokers (> 4 waterpipe /week for ≥ 15 years)

AIC the akaike information criterion, CI confidence interval, OR odds ratio
a Models adjusted for age, gender, BMI, and comorbidities
b Models adjusted for age, BMI, and comorbidities

All (N = 901) Males Females

Variables Mild versus 
asymptomatic
ORa (95% CI)

Severe versus 
asymptomatic
ORa (95% CI)

Mild versus 
asymptomatic
ORb (95% CI)

Severe versus 
asymptomatic
ORb (95% CI)

Mild versus 
asymptomatic
ORb(95% CI)

Severe versus 
asymptomatic
ORb (95% CI)

Smoking status 1.23 (0.81–1.85) 1.07 (0.62–1.83) 1.78 (1.01–3.13) 1.44 (0.70–2.96) 0.84 (0.46–1.53) 0.77 (0.34–1.73)

AIC 1249 685 571

 Smoking type

 Non-smoker 1.00 1.00 1.00 1.00 1.00 1.00

 Cigarette smoker 1.11 (0.69–1.79) 0.80 (0.43–1.48) 1.65 (0.90–3.03) 1.16 (0.53–6.53) 0.92 (0.39–2.13) 0.50(0.16–1.51)

 Waterpipe smoker 1.42 (0.90–2.24) 1.59 (0.88–2.87) 2.64 (1.32–5.27) 2.79 (1.19–6.53) 0.86 (0.46–1.60) 0.91(0.39–2.14)

 Dual smokers 3.03 (0.70.13.2) 1.38 (0.18–10.30) 3.20 (0.69–14.80) 1.75 (0.22–13.8) – –

AIC 1249 685 571

Dose–response relation‑
ship

 Cigarette smoking

 Non-smoker 1.00 1.00 1.00 1.00 1.00 1.00

 Mild 0.69 (0.17–2.83) 0.80 (0.13–4.92) 0.98 (0.17–5.47) 0.65 (0.06–6.20) 0.35 (0.02–4.57) 2.64(0.13–51.95)

 Moderate 0.94 (0.44–2.00) 0.72 (0.26–1.99) 1.66 (0.60–4.56) 1.02 (0.25–4.13) 0.43 (0.13–1.42) 0.46(0.10–2.15)

 Heavy 2.01 (0.56–7.18) 0.83 (0.12–5.71) 1.55 (0.36–6.69) 1.21 (0.14–9.98) – 1.20(0.01–0.00)

AIC 1248 685 569

 Waterpipe smoking

 Non-smoker 1.00 1.00 1.00 1.00 1.00 1.00

 Mild 2.11(0.24–18.24) 1.94(0.16–22.46) – – 0.58(0.21–1.58) 1.26(0.35–4.46)

 Moderate 0.86(0.45–1.63) 0.77(0.30–1.95) 1.93 (0.97–3.84) 2.48 (1.06–5.79) 0.96(0.49–1.89) 0.63(0.23–1.75)

 Heavy 3.15(0.89–11.12) 2.61(0.57–11.83) 4.61 (0.58–36.85) 3.07 (0.26–36.10) – –

AIC 1249 685 571
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estimation of the SARS-CoV-2 infection positivity rates 
from random samples are more useful.

Findings showed that male patients present severe 
infection more than female. Based on previous studies, 
evidence suggests that male patients are the most sus-
ceptible to SARS-CoV-2 infection,  which is supported 
by our data [36–38]. In a large global meta-analysis of 
107 COVID-19 reports, Peckham et  al. demonstrate 
that male sex is associated with a significantly increased 
risk of intensive treatment unit admission and higher 
odds of death compared to females [36]. Capuano et al. 
established that this sex difference may be related to sev-
eral factors such as activity of the immune system and 
its modulation by sex hormones, coagulation pattern, 
and preexisting cardiovascular diseases as well as effects 
deriving from smoking and drinking habits [37].

No significant association was found between the 
smoking status and infection severity in the overall sam-
ple. This results was consistent with other studies [15, 
16]. However, upon stratifying the sample by gender, 
multinomial logistic regression models revealed a signifi-
cant association among male with mild infection com-
pared to their asymptomatic counterparts (OR = 1.78, 
95% CI (1.01–3.13)), a recent study conducted in Leba-
non among 743 hospitalized COVID-19 patients revealed 
a high smoking prevalence (42.3%) combined with worse 
prognosis as well as a higher mortality rate in smoking 
patients [33]. A gender-discrepancy in the association of 
smoking on COVID-19 mortality rates was also reported. 
Remarkably, current smoking status was associated with 
higher vulnerability to death among COVID-19 hospital-
ized male patients, while it does not affect ICU admission 
or survival outcomes among hospitalized COVID-19 
female patients as compared to their non-smoker coun-
terpart [33]. More research on the potential gender-dis-
crepancy in the effect of smoking on COVID-19 severity 
while accounting for smoking dosages are still needed.

Since SARS-CoV-2 infection primarily targets the 
lungs, smoking-related lung disorders overlap with 
COVID-19 respiratory comorbidities such as chronic 
bronchitis, emphysema, and chronic obstructive pulmo-
nary disease (COPD) [42]. A recent study revealed that 
the activation of the ACE-2 in mice lungs following e-cig-
arette vapor exposure is gender-specific [43]. Male mice 
had a more pronounced nicotine-dependent increase 
in lung ACE-2 expression than female mice, which can 
influence COVID-19 severity [43]. Thus, the observed 
significant repercussions of smoking among men in our 
study could be explained by the fact that this group had 
a higher risk of developing lung problems as a result of 
tobacco smoking. Furthermore, future research most be 
highlight the different factors that can threaten people 
to infected with COVID-19 infection such as the social 

practices of waterpipe use. Interestingly, our results are in 
line with recent study who revealed that current smoking 
status reduces survival rate in male patients but it does 
not affect survival outcomes among hospitalized female 
patients [33]. Particularly, waterpipe smoking among 
males was associated with mild infection (OR 2.64, 95% 
CI (1.32–5.27)) and severe infection (OR 2.79, 95% CI 
(1.19–6.53) compared to their asymptomatic counter-
parts. Regarding waterpipe dose response relationship, 
moderate dose consumption was associated with infec-
tion severity among male with severe infection compared 
to their asymptomatic counterparts (OR = 2.48, 95% CI 
1.06–5.79). However, a closer look to the adjusted odds 
ration revealed an association that did not reach statisti-
cal significance due to the low sample size in subcatego-
ries. Overall, our results suggest adding tobacco smoking 
particularly waterpipe as a risk factor for worse COVID-
19 prognosis among males and highlight the importance 
of waterpipe smoking cessation.

The present study has several limitations. Due to the 
observational nature of the study and the cross-sectional 
design, we cannot infer any causal relationship between 
smoking habits and SARS-CoV-2 infection severity. Fur-
thermore, smoking habits and SARS-CoV-2 symptoms 
were self-reported; consequently, recall bias might have 
led to misclassification of the exposure. Lastly, the sample 
with an acceptable geographical coverage reflecting the 
distribution of SARS-CoV-2 infection in Lebanon was 
not entirely representative of the Lebanese population.

Conclusions
Our fndings highlight sex differences in the associa-
tion between tobacco smoking and COVID-19 sever-
ity. Current tobacco smoking was not associated with 
SARS-COV-2 infection severity among female patients, 
however, tobacco smoking, particularly waterpipe, was 
found to be associated with infection severity among 
male. Thus, there is a growing need to support the WHO 
statement that ‘smokers are at higher risk of developing 
severe disease and death’ and the battle against smok-
ing should continue, by assisting smokers to successfully 
and permanently quit [44]. Smoking cessation should 
be incorporated into public health campaigns especially 
during the SARS-CoV-2 pandemic and in the aftermath. 
Future studies should take into consideration social fac-
tors that affect smoking (e.g. participation in waterpipe 
smoking at the same time, dual smokers of cigarette and 
waterpipe, using several type of tobacco) in addition 
to comparing patients with COVID-19 to uninfected 
people.
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