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Abstract

Information gathered so far from published studies attest the existence of a complex

relationship between tobacco smoking and the severity of COVID‐19. We in-

vestigated the association between smoking habits and the severity of COVID‐19 in

patients hospitalized in university‐affiliated hospitals in Lyon, France. Baseline so-

ciodemographic, clinical and biological characteristics of adult COVID‐19 hospita-

lized patients presenting from the community were prospectively collected and

analyzed. Tobacco exposure was documented at admission. Characteristics of pa-

tients hospitalized in medical wards to those admitted or transferred to intensive

care units (ICUs) were compared using Mann–Whitney and Χ2 or Fisher's exact

test. A composite endpoint including admission or transfer to ICU or death was

created as a proxy for severe outcome. Adjusted odds ratio (aOR) and 95% con-

fidence interval (95% CI) were calculated to identify variables independently asso-

ciated with a severe outcome. Of the 645 patients with documented information on

smoking habits, 62.6% were never‐smokers, 32.1% ex‐smokers, and 5.3% active

smokers. Past tobacco use was independently associated with an increased risk of

severe outcome (aOR: 1.71; 95% CI: 1.12–2.63), whereas a nonsignificant protective

trend was found for active smoking. The results suggest that past smoking is as-

sociated with enhanced risk of progressing toward severe COVID‐19 disease in

hospitalized patients.
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1 | INTRODUCTION

Tobacco smoking, an established risk factor for a number of diseases

including cardiovascular and chronic lung diseases, is also known to

increase the susceptibility to viral respiratory infections.1 It would be,

therefore, expected for smokers to be at increased risk of more se-

vere clinical presentation by the ongoing pandemic caused by severe

acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2). The litera-

ture showed that the odds of being diagnosed with or hospitalized for

COVID‐19, the SARS‐CoV‐2 disease, are lower in smokers as

compared to never‐smokers.2–4 Nevertheless, the evidence of the

effect of tobacco consumption on the severity of COVID‐19 remains

equivocal.5,6

The concept of smoker's paradox was first originated from ob-

servational studies that reported lower prevalence of smokers among

hospitalized COVID‐19 patients as compared to the national pre-

valence.7,8 Studies published so far reported paradoxical results;

some studies have suggested that smoking would worsen the

COVID‐19 prognosis,9 whereas others reported absence of associa-

tion10 or even a protective effect.3
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Except few studies that differentiated between active and

former smokers,11 others combined these two groups. Such

group stratification analysis remains, however, pertinent to en-

able to distinguish the long‐term impact of tobacco after cessa-

tion.1,11 The objective of this study was to investigate the impact

of smoking habits on the severity of clinical presentation at ad-

mission and prognosis of laboratory‐confirmed COVID‐19 during

hospitalization.

2 | MATERIALS AND METHODS

Patients included in the present study were symptomatic hospi-

talized COVID‐19 patients enrolled in one of the four university‐

affiliated hospitals in Lyon, France, for whom information on

tobacco consumption was documented. These patients are part

of the NOSO‐COR project (ClinicalTrials: NCT04290780), a pro-

spective, observational, hospital‐based international study.12 The

study was approved by the clinical research and ethics committee

of Ile de France V on March 8, 2020 (No. 20.02.27.69817 Cat 3).

Baseline demographic characteristics, underlying comorbidities,

clinical and biological features, and patient outcome data were

collected prospectively using electronic medical records. In-

formation on tobacco smoking was based on self‐reporting data.

At hospital admission, patients were asked about their smoking

status by the medical staff. Of the 1150 patients included in the

NOSO‐COR project by the end of Mai 2020, only 645 had

documented information on tobacco smoking and were therefore

included in the analysis. Clinical outcomes were monitored up to

hospital discharge or death.

2.1 | Statistical analysis

We compared characteristics of patients at hospital admission

according to the smoking status. Categorical variables were de-

scribed as number (%) and compared by Χ2 test. Continuous

variables were described as median (interquartile range [IQR])

and compared by Mann–Whitney U test. Statistical tests were

two‐tailed with a level of statistical significance of less than 0.05.

A composite endpoint including admission or transfer to intensive

care unit (ICU) or death as a proxy for disease severity was

generated (Yes/No) and the risk to reach this outcome was esti-

mated according to tobacco consumption status. Univariate lo-

gistic regression allowed the identification of variables at

admission that were associated with the composite endpoint.

Variables that were significant at 0.15 levels in univariate analysis

were first introduced one by one in turn in the multivariate re-

gression model. The most significant variables (p < 0.05) were

retained in the final model. Adjusted odds ratio (aOR) and 95%

confidence interval (95% CI) were calculated by taking the non-

smokers as the reference group. Statistical analysis was per-

formed using STATA 13® (College Station).

3 | RESULTS

The clinical features at admission of the enrolled patients are re-

ported in Table 1. Of the 645 patients with documented information

on smoking habits, 62.6% were never‐smokers, 32.1% ex‐smokers,

and 5.3% active smokers. Date of smoking cessation was available for

30.4% of past smokers, with a length of abstinence ranging from 2 to

40 years. Ex‐smokers were older than active or never‐smokers.

Cardiovascular disease and diabetes were the most common co-

morbidities in all three groups. Duration of symptoms and the delay

between symptom onset and hospital admission were not different

between the groups. The most commonly reported signs and symp-

toms were abnormal lung auscultation followed by dyspnea/ta-

chypnea and general weakness. Active smokers had significantly

higher rate of chronic lung diseases as compared to never‐smokers.

Cardiovascular, renal and chronic lung diseases, shortness of breath,

and dyspnea/tachypnoea have been found more frequently in

ex‐smokers compared to never‐smokers. The most significant

differences between active and ex‐smokers were higher rates of

cardiovascular disease and shortness of breath in ex‐smokers.

Hospitalization in ICUs and lethality were significantly higher in ex‐

smokers as compared to current or nonsmokers. A slight lymphocy-

topenia was observed among ex‐smokers. The level of C‐reactive

protein (CRP) was higher than the reference range in all patients but

was not different between the three groups. The median value of

creatinine was significantly lower in ex‐smokers compared to never

smokers although it remained within the reference range of

45–104 μmol/L.

The variables independently associated with a severe outcome

are reported inTable 2. Ex‐smokers were at significantly higher risk of

severity (aOR: 1.71; 95% CI: 1.12–2.63) compared to nonsmokers,

whereas nonsignificant trend toward decreased disease severity

among current smokers as compared to never‐smokers was observed

(aOR: 0.54; 95% CI: 0.20–1.47). Patients with dyspnoea, longer

duration of symptoms, temperature at admission, presence of un-

derlying renal diseases, CRP > 100mg/L, and monocytes < 0.3 g/L

had higher odds of severe outcome.

4 | DISCUSSION

The observed differences of outcomes between active and ex‐

smokers confirm the relevance of distinguishing these two po-

pulations when investigating the impact of smoking on the se-

verity of COVID‐19, considering the nonsmokers as the

nonexposed population. Our results suggest that ex‐smokers are

at higher risk of ICU admission and death compared to active

smokers. A meta‐analysis of 18 published studies also reported

that compared with ex‐smokers, current smokers were less likely

to experience an adverse outcome.6 In another meta‐analysis,

both current (relative risk [RR]: 1.25; 95% CI: 0.85–1.93) and

former smokers (RR: 1.52; 95% CI: 1.13–2.07) were at higher risk

of severe disease compared to never‐smokers.11 However, this
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meta‐analysis did not compare the risk of disease severity be-

tween current and ex‐smokers.

No strong evidence exists to support an increased risk of severe

SARS‐CoV‐2 infection in ex‐smokers compared to active smokers.

Older age (> 65 years) is a recognized risk factor of SARS‐CoV‐2

severity13 and could explain the observed adverse outcomes in older

ex‐smokers. The higher prevalence of tobacco‐related disease such

as cardiovascular and renal diseases in ex‐smokers might also further

weaken this population. A misclassification bias of smokers as ex‐ or

nonsmokers may have occurred as we investigated the smoking

status from clinical records. Lack of information on the duration of

smoking and interval time since smoking cessation in the ex‐smoker

group is another limitation. Finally, the relatively small sample size of

the study population could have had an impact on 95% CI of aOR of

current smoking compared to nonsmoking.

Conflicting hypotheses on a potential protective effect of nicotine by

competition with angiotensin‐converting enzyme II (ACE2), the primary

receptor of SARS‐CoV‐2, have been published.14 Absence of nicotine

exposure in ex‐smokers provides more site availability for SARS‐CoV‐2

and could explain more severe clinical presentation with higher rate of

ICU admission and mortality observed in the present study. Nicotine has

also been suggested to limit the commonly called “cytokine storm” due to

its anti‐inflammatory properties through the cholinergic anti‐inflammatory

system.15 Current smoking has also been shown to have a protective

effect in patients with ulcerative colitis.16 There is also another hypothesis

implicating the cholinergic system and the cholinergic anti‐inflammatory

pathway.17,18 This hypothesis implicates a direct interaction between the

spike glycoprotein of SARS‐CoV‐2 and α 7 nicotinic cholinergic receptors.

This could result in dysfunction of the receptors, which form a major part

of the cholinergic anti‐inflammatory pathway, and could disrupt the im-

mune homeostasis. If validated, this hypothesis goes far beyond nicotine,

since other cholinergic agonists could be used therapeutically.

High levels of CRP and monocytopenia were associated with an

increased risk of severity in our study. High level of CRP was sig-

nificantly associated with severe infection in the initial phases of the

SARS‐CoV‐2 infection.19

As reported by others,7,8 smoking prevalence in the French po-

pulation was much higher (24% overall and 10% in individuals >65

years old) than the recorded prevalence in our study popula-

tion (5.3%).

The results of this study suggest differing effects of smoking on the

severity of COVID‐19 in hospitalized patients. Past smoking was asso-

ciated with enhanced risk of progressing toward severe COVID‐19 dis-

ease, whereas current smoking showed rather a nonsignificant protective

trend against severe disease. The date of smoking cessation was available

for one third of our study population. However, it is known that many

smokers quit as soon as the occurrence of underlying diseases, which is

parallel to aging. The relative advanced aged of our study population

suggests that there it is unlikely that they have stopped smoking just

before developing COVID symptoms. High likelihood of misclassification

bias, worse health‐seeking behaviors, and self‐treating in smokers20 and

misreporting on the part of the patient by fear of stigmatization11 may

explain, at least partly, the observed lack of an association between

current smoking and adverse outcomes. Furthermore, the cross‐sectional

design of our study precludes definite information about cause‐and‐effect

relationships.

There is a need for further evaluation of the complex relationship

between smoking history and COVID‐19 severity taking into account

confounders such as age or obesity. Whether nicotinic agents such as

nicotine patches could be used in the treatment of severe SARS‐CoV‐

2 infection is being investigated in a double‐blind randomized con-

trolled clinical trial in France (NCT04608201).

The majority of cigarette smoke compounds have known oxidative

stress properties and are therefore unlikely to have any potential pro-

tective. Consequently, any evidence of a potential protective impact of

smoking should be interpreted cautiously as it could counterbalance the

well‐known deleterious effect of smoking on health.
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