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Abstract

Background: There is a lot of debate about the effects of smoking on COVID-19. A recent fixed-effects meta-analysis
found smoking to be associated with disease severity among hospitalized patients, but other studies report an unusu-
ally low prevalence of smoking among hospitalized patients. The purpose of this study was to expand the analysis by
calculating the prevalence odds ratio (POR) of smoking among hospitalized COVID-19 patients, while the association
between smoking and disease severity and mortality was examined by random-effects meta-analyses considering
the highly heterogeneous study populations.

Methods: The same studies as examined in the previous meta-analysis were analyzed (N =22, 20 studies from
China and 2 from USA). The POR relative to the expected smoking prevalence was calculated using gender and age-
adjusted population smoking rates. Random-effects meta-analyses were used for all other associations.

Results: A total of 7162 patients were included, with 482 being smokers. The POR was 0.24 (95%CI 0.19-0.30). Unlike
the original study, the association between smoking and disease severity was not statistically significant using ran-
dom-effects meta-analysis (OR 1.40, 95%Cl 0.98-1.98). In agreement with the original study, no statistically significant
association was found between smoking and mortality (OR 1.86, 95%Cl 0.88-3.94).

Conclusion: An unusually low prevalence of smoking, approximately 1/4th the expected prevalence, was observed
among hospitalized COVID-19 patients. Any association between smoking and COVID-19 severity cannot be gen-
eralized but should refer to the seemingly low proportion of smokers who develop severe COVID-19 that requires
hospitalization. Smokers should be advised to quit due to long-term health risks, but pharmaceutical nicotine or other
nicotinic cholinergic agonists should be explored as potential therapeutic options, based on a recently presented
hypothesis.

Introduction

The association between smoking and COVID-19 has
generated a lot of interest in the research community.
Smoking is an established risk factor for respiratory infec-
tions [1]. Therefore, it was not surprising that reports
*Correspondence: kfarsalinos@gmail.com suggested a higher risk for severe COVID-19 among hos-

! Laboratory of Molecular Biology and Immunology, Department T . .
of Pharmacy, University of Patras, 26500 Rio-Patras, Greece pltahzed smokers [2-4]. However, these studies failed to

Full list of author information is available at the end of the article notice the relatively low prevalence of smoking among

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.



http://orcid.org/0000-0001-6839-4710
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12954-020-00437-5&domain=pdf

Farsalinos et al. Harm Reduct J (2021) 18:9

hospitalized patients compared to population smoking
rates [5, 6]. This was first noticed in Chinese case series,
but similar findings have been observed in other coun-
tries, while it has also been reported that smoking may
be associated with lower susceptibility for SARS-CoV-2
infection [7-10]. The possibility that smokers may be less
likely to develop severe COVID-19 that would require
hospitalization is an important factor in determining the
overall smoking-related risk. A higher risk for adverse
outcome among hospitalized smokers is not applicable
to all smokers if they are indeed less likely than non-
smokers to be hospitalized for COVID-19. In March, we
hypothesized for the first time that nicotine may be pro-
tective against COVID-19 due to its anti-inflammatory
properties and to a potential direct interaction between
SARS-CoV-2 and nicotinic acetylcholine receptors [11,
12]. The cholinergic anti-inflammatory pathway repre-
sents a reflex mechanism that modulates the immune
response and protects from hyper-inflammation, a hall
mark of severe COVID-19 [13, 14]. Therefore, if the virus
interacts with the cholinergic system, dysregulation of
the cholinergic anti-inflammatory pathway could result
in an uncontrolled immune response. This hypothesis is
not contradictory to reports of a higher risk for adverse
outcome in hospitalized smokers with COVID-19. Smok-
ers experience abrupt cessation of nicotine intake once
hospitalized (unless nicotine replacement therapies
are administered), resulting in the rapid elimination of
plasma nicotine levels and deprivation of any hypotheti-
cal beneficial effects.

Recently, Karanasos et al. [15] published a systematic
review and meta-analysis of 22 studies, examining the
impact of smoking on disease severity and mortality of
hospitalized patients with COVID-19 infection. They
also performed a meta-regression analysis and stratified
studies according to the prevalence of diabetes among
patients (<15% and>15%). They reported that smok-
ing was associated with higher odds of disease severity
in studies with low prevalence of diabetes. However, the
authors did not examine the smoking prevalence among
hospitalized COVID-19 patients relative to the popula-
tion smoking rates. Additionally, we noticed minor errors
in the data presented (mentioned below) which were
addressed in the present analysis. Finally, the authors
used a fixed-effects method for the meta-analysis. This is
rather odd and probably inappropriate, especially when
it comes to the justification they proposed. The authors
stated that they used fixed effects due to non-significant
heterogeneity (I*<50%). This particular approach is ques-
tionable since the I* purpose is to quantify the degree
of heterogeneity and not to test its significance. Indeed,
the respective statistical test based on the Cochran’s chi-
square yielded a significant p value of 0.02. (Note that this
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test has low power and thus a significant result is even
more important). That is, if the authors were to choose
based on purely statistical arguments, they should have
chosen the random-effects model. Nevertheless, the
choice of fixed vs. random effects has been a matter of
debate in the literature and the prevailing approach is
that the model choice for meta-analysis should be based
on the sampling frame and not on the results of a statisti-
cal test such as the test for heterogeneity in effect sizes
[16, 17]. The studies analyzed included patients from dif-
ferent hospitals, geographical locations and countries,
and age and comorbidities. Additionally, even the defi-
nition of smoking was not universal in all studies, with
some reporting current and former smoking while others
reporting “smoking history” or “smoking” [13]. Taking
into account that the primary goal of such an analysis is to
generalize the results, one would argue that the random-
effects model should have been the method of choice in
the first place, irrespective of the identified heterogene-
ity [16]. For these reasons, the random-effects model is
considered more appropriate and is advocated by most
experts [16, 18, 19]. We also need to emphasize that in
case of zero heterogeneity the estimates of both models
coincide. Moreover, the choice of the fixed-effects model
comes to a direct disagreement with the subsequent
use of a random-effects meta-regression performed by
the authors [15]. Meta-regression is used to explore the
sources of heterogeneity [20]; thus, its use contradicts the
initial argument for choosing the fixed-effects model.
Considering the above, and to address potential
errors in the original study, we re-analyzed the data and
expanded the analysis by: (1) calculating the prevalence
odds ratio (POR) [21] of smoking among hospitalized
COVID-19 patients relative to population smoking rates
and (2) examining the association between smoking and
COVID-109 severity and mortality, as well as the associa-
tion between smoking and severity with studies stratified
according to diabetes prevalence (<15% and > 15%).

Methods

The same studies as examined by Karanasos et al. were
analyzed herein (N=22) [22-43]. Data extraction was
performed by two authors (K.F, PB.). Smoking preva-
lence was derived from the tables of each publication.
Similarly to Karanasos et al,, the studies were stratified
by country in two groups: China and USA. The follow-
ing minor errors were noticed in the original analysis:
(1) In the study by Shi et al. [34], 434 patients were non-
smokers (487 patients in total, of whom 40 were smokers,
434 were non-smokers, and 13 had unknown smoking
history). Karanasos et al. presented 433 non-smokers
in the original analysis. (2) In the study by Chen et al
[40], 12 patients were current smokers and seven were
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former smokers. The original analysis by Karanasos et al.
included former smokers as current smokers, but in all
other studies former smokers were not included into the
current smokers group. 3. In the study by Wang et al.
[41], two groups of different patients were presented,
both of which had data on survival and smoking status
(n=296 and n=44). Only the first group was included in
the original analysis, while we included all patients in the
current analysis.

Smoking prevalence in each study was compared
with the expected prevalence based on gender and age-
adjusted population smoking rates. The gender distribu-
tion of patients (proportion of males and females) in each
study was used for the gender adjustment. No gender
adjustment was performed for one study because of una-
vailable data [38]. Since no data were available on the age
distribution of patients, age adjustment was performed
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by assuming that all patients were aged > 65 years. This
age group has the lowest smoking rates in both China
and the USA compared to other adult age groups, while
the mean or median age of patients in the studies was
lower than 65 (Table 1). Thus, this age-adjustment under-
estimates the expected smoking prevalence. The follow-
ing formula was used to calculate the expected smoking
prevalence:

SPg = (Pmx SPp—m) + (Ppx SPp_p)

where SPp=expected smoking prevalence; P,;=male
prevalence among patients; SP,_,;= population smoking
prevalence in males>65 years old; Pp=female preva-
lence among patients; SPP-F = population smoking prev-
alence in females > 65 years old.

The population smoking rates used to calculate the age
and gender-adjusted expected number of smokers for

Table 1 Characteristics of the studies included in the analysis, and gender and age-adjusted expected smoking

prevalence based on population smoking rates

Hospitalized Age

Males Females Hospitalized Hospitalized

Expected number Expected smokers

cases smokers smokers of smokers gender and age-
prevalence (gender and age-  adjusted
adjusted)
N Median (IQR) % % n % (95%Cl) n %
Mean (SD)
Chenetal. [22] 145 48 (15) 54.5 455 15 10.3 (59-16.5) 37 258
Feng et al. [23] 454 3 (60-64) 56.9 43.1 44 9.7 (7.1-12.8) 122 26.8
Guan et al. [24] 1085 (35 58) 58.1 419 137 12.6 (10.6-14.6) 296 27.3
Hu et al. [25] 323 61(23-91) 514 486 38 11.8 (8.5-15.8) 79 24.6
Huang et al. [26] 41 49 (41-58) 732 268 3 73(0.0-15.3) 14 333
Jietal [27] 208 44 (16) 56.3 438 19 9.2 (5.6-13.9) 55 26.5
Lietal. [28] 544 60 (48-69) 513 48.7 41 7.5(54-10.1) 134 24.6
Lietal [29] 25 51 480 520 7 28.0(12.1-494) 6 233
Liu et al. [30] 40 49 (14) 375 62.5 5 12.5 (4.2-26.8) 8 19.1
Liuetal. [31] 78 8(33-57) 500 500 5 64 (0.1-11.8) 19 24.1
Mo et al. [32] 155 (42 66) 555 44.5 6 9(0.9-6.9) 41 26.2
Qin etal. [33] 452 8 (47-67) 520 48.0 7 6(06-3.2) 112 24.8
Shi et al. [34] 474 46 (19) 532 468 40 4(6.1-11.3) 120 253
Wan et al. [35] 135 47 (36-55) 533 46.7 9 6.7 (25-10.9) 34 254
Wang et al. [36] 125 9(14) 568 432 16 12.8 (7.5-20.0) 33 26.8
Zhang etal.[37] 140 7 (25-87) 50.7 493 2 14(0.0-33) 34 243
Chenetal. [38] 274 62 (44-70) 62.4 376 12 4(24-83) 79 29.0
Wangetal.[39] (1) 340 ( 5) 482 518 16 7 (2.7-7.5) 79 233
5(17)

Yang et al. [40] 52 ( 3) 67.3 327 2 8(05-13.2) 16 31.0
Zhou et al. [41] 191 6 (46-67) 62.3 377 M 8(2.5-9.1) 55 29.0
Chow etal. [42] 2) 1494 27 8(1.2-2.6) 131 8.8
Goyal et al. [43] 393 62 (49-74) 60.6 394 20 1(3.1-7.8) 36 9.2
Total 7168 482 0(5.1-93) 1542 24.1(20.1-28.3)

(1) Age was reported separately for the two groups of patients

(2) No data on age and gender were available. The expected smoking prevalence was not adjusted for gender
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males and females in each study were 44.0% and 4.1% for
China [44] and 10.1% and 7.7% for USA [45], respectively.
The association between observed and expected smoking
prevalence was measured by calculating the POR [21].

Eighteen studies were used to examine the association
between smoking and COVID-19 severity [22-39]. For
mortality, five studies were analyzed. One study included
data on both disease severity and mortality, and it was
used in both analyses [29]. The analysis of disease sever-
ity stratified by diabetes prevalence included ten studies
with prevalence<15% [22-25, 29, 31, 32, 34, 35, 37] and
six studies with prevalence > 15% [26, 28, 30, 33, 38, 39].

All analyses were performed with inverse variance ran-
dom-effects meta-analyses using Review Manager (Rev-
Man) 5.4 (Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014).

Results

The characteristics of the studies are presented in Table 1.
The number of expected smokers based on gender and
age-adjusted population smoking rates is also reported.
In total, 7168 patients were analyzed, with 482 of them
being smokers. The random-effects pooled prevalence
of smoking was 7.0% (95%CI 5.1-9.3%). The expected
pooled prevalence of smoking was calculated at 24.1%
(95%CI 20.1-28.3%). Only one study had more smokers
than the expected number of smokers [29].

The POR of smoking is presented in Fig. 1. The propor-
tion of hospitalized COVID-19 patients who reported
being smokers was approximately 1/4th and 1/3rd the
expected proportion based on population smoking
rates in China and USA, respectively, and 1/4th in the
total sample. This indicates a substantial under-repre-
sentation of smokers. The results of the random-effects
meta-analysis of the association between smoking and
disease severity and mortality are presented in Figs. 2
and 3, respectively. A statistically significant associa-
tion was observed between smoking and disease sever-
ity in the Chinese studies (OR 1.57, 95%CI 1.09-2.26)
but not in the US studies (OR 0.66, 95%CI 0.33-1.32).
No statistically significant association between smoking
and COVID-19 severity was found when all studies were
analyzed (OR 1.40, 95%CI 0.98—1.98). No statistically sig-
nificant association was observed between smoking and
COVID-19 mortality (OR 1.86, 95%CI 0.88—3.94), simi-
larly to the study by Karanasos et al. We also verified the
statistically significant association between smoking and
disease severity in the studies with low (<15%) preva-
lence of diabetes, which was not observed in the studies
with high diabetes prevalence (Fig. 4).
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Discussion
This re-analysis of the recently published study by Kara-
nasos et al. identified a particularly low prevalence of
smoking among hospitalized COVID-19. This is con-
sistent with previous publications [5, 6, 46]. It should
be emphasized that several limitations are applicable to
this analysis, mainly related to the possibility for poor
recording or under-reporting of the smoking status, lack
of adjustment for confounding factors and potential dif-
ferences in healthcare access between smokers and non-
smokers. Another argument that has been suggested
is that hospitalized COVID-19 cases are more likely to
suffer from smoking-related comorbidities and might
have already quit smoking because of these comorbidi-
ties. While this is a possibility, population surveys show
that comorbidities, such as COPD, are still more preva-
lent in current rather than former smokers [47]. Some of
the studies included in this analysis reported “smoking”
only, without clarifying if former smokers where included
in that group. Another type of selection bias could be
linked to smokers being more likely to be tested for res-
piratory diseases than the general population. However,
in a recent study of a large sample of COVID-19 patients
in Mexico we noticed that smokers were less likely to be
diagnosed for COVID-19, but the proportion of patients
tested for COVID-19 who were smokers was not different
from the population prevalence of smoking [48]. In any
case, a vast difference between observed and expected,
population-based, smoking prevalence was observed,
even when the latter was adjusted by gender and age. The
lack of high quality data or studies specifically evaluating
the effect of smoking on COVID-19 susceptibility and
severity is expected, considering the emergency of the
pandemic. However, priorities, recommendations and
treatment decisions should be based on best currently-
available evidence, and any gaps in knowledge should be
presented so that efforts to be resolved will be intensified.
Our analysis failed to reproduce the results of the study
by Karanasos et al. concerning the association between
smoking and COVID-19 severity. We consider the use
of random-effects meta-analysis crucial when examin-
ing studies with such diverse and heterogeneous popula-
tions. However, other studies [2—4], including one by our
group [46], found a positive association between smok-
ing and adverse outcome among hospitalized COVID-19
patients. Still, choosing a proper methodology in any data
analysis is important, irrespective of the study results
or expectations. The low prevalence of smoking among
hospitalized COVID-19 patients, combined with the
increased odds for severe disease when smokers are hos-
pitalized, which was not confirmed in this analysis but
has been reported in other studies, should be accurately
interpreted as a risk confined to a substantially smaller
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Observed Expected POR POR
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
China
Chen Q 2020 15 145 37 145 438% 0.34 [0.18, 0.65]
Feng Y 2020 44 454 122 454  6.4% 0.29 [0.20, 0.42] -
Guan WJ 2020 137 1085 296 1085 7.1% 0.39[0.31, 0.48] -
Hu L 2020 38 323 79 323 6.1% 0.411[0.27, 0.63] -
Huang C 2020 3 41 14 41 2.3% 0.15[0.04, 0.58] I —
Ji D 2020 19 208 55 208 5.3% 0.28 [0.16, 0.49] -
Li X 2020 41 544 134 544 6.4% 0.25[0.17, 0.36] -
Li YK 2020 7 25 6 25 24% 1.23[0.35, 4.37] D
Liu J 2020 5 40 8 40 2.6% 0.57[0.17, 1.93] I N
Liu W 2020 5 78 19 78  3.1% 0.21[0.07, 0.60] -
Mo P 2020 6 1565 41 155 3.7% 0.11[0.05, 0.27] -
Qin C 2020 7 452 112 452 4.2% 0.05[0.02, 0.10] e
Shi 'Y 2020 40 474 120 474 6.3% 0.27 [0.19, 0.40] -
Wan S 2020 9 135 34 135 42% 0.21[0.10, 0.46] -
Wang R 2020 16 125 33 125 4.8% 0.411[0.21,0.79] -
Zhang JJ 2020 2 140 34 140 2.0% 0.05[0.01,0.19] —
Chen T 2020 12 274 79 274 49% 0.11[0.06, 0.21] -
Wang K 2020 16 340 79 340 53% 0.16 [0.09, 0.29] -
Yang X 2020 2 52 16 52 1.9% 0.09 [0.02, 0.42]
Zhou F 2020 11 191 55 191 4.7% 0.15[0.08, 0.30] -
Subtotal (95% CI) 5281 5281 88.6% 0.23[0.18, 0.29] <&
Total events 435 1373
Heterogeneity: Tau? = 0.21; Chi? = 67.80, df = 19 (P < 0.00001); I> = 72%
Test for overall effect: Z = 11.23 (P < 0.00001)
USA
Chow N 2020 27 1494 131 1494  6.1% 0.19[0.13, 0.29] -
Goyal P 2020 20 393 36 393 53% 0.53 [0.30, 0.94] —
Subtotal (95% Cl) 1887 1887 11.4% 0.31[0.12, 0.85] -
Total events 47 167
Heterogeneity: Tau? = 0.46; Chi? = 8.06, df = 1 (P = 0.005); I> = 88%
Test for overall effect: Z = 2.27 (P = 0.02)
Total (95% ClI) 7168 7168 100.0% 0.24[0.19, 0.30] <
Total events 482 1540
Heterogeneity: Tau? = 0.20; Chi? = 75.86, df = 21 (P < 0.00001); I = 72% 40.0 ] Of ; ; 1=0 p 00=

Test for overall effect: Z = 11.74 (P < 0.00001)

Test for subaroup differences: Chi2 = 0.37, df = 1 (P = 0.55), 1= 0%
Fig. 1 Prevalence odds ratio (POR) of smoking among hospitalized COVID-19 patients. Calculations were made by comparing the observed
smoking prevalence with the expected prevalence, based on gender and age-adjusted population smoking rates, using random-effects
meta-analysis. Boxes represent odds ratios (ORs) and lines represent the 95%Cl

than the expected number of smokers who develop
severe COVID-19 that requires hospitalization. This is
different from interpreting the results as an indication
of an elevated risk for all smokers. These findings are
not contradictory to a hypothesis we recently presented
that nicotine may have potential benefits, considering the
rapid elimination of nicotine once smokers are admitted
to the hospital and quit nicotine intake. In fact, clinicians
should consider administering pharmaceutical nicotine
replacement therapies in hospitalized smoking patients
as “on-label” use, based on their indication as smoking
substitutes [5]. Finally, while we verified the findings by
Karanasos et al. concerning the studies with low preva-
lence of diabetes, the authors suggested that smoking

may have a more pronounced adverse effect in younger,
non-diabetic patients. However, this interpretation is
problematic considering that their meta-regression is
used to relate the results of the studies to published aver-
ages of patient characteristics within studies. This raises
the possibility for ecological fallacy [49], which can-
not be investigated due to the lack of individual patient
data. There is no information in any of the studies on
whether smokers were younger or had lower prevalence
of diabetes compared to non-smokers. Thus, it is virtually
impossible to generate such a conclusion from the meta-
regression analysis.

Understandably, the issue of smoking is highly con-
troversial and the findings of this and other studies may
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COVID'19 Severity Smokers Non-smokers 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
China

Chen Q 2020 3 15 40 130 4.8% 0.56 [0.15, 2.10] —

Feng Y 2020 17 44 104 410 10.0% 1.85[0.97, 3.54] —

Guan WJ 2020 29 137 143 948 12.2% 1.51[0.97, 2.36] i

Hu L 2020 26 38 146 285 9.2% 2.06 [1.00, 4.25] —

Huang C 2020 0 3 13 38 1.2% 0.27 [0.01, 5.62]

Ji D 2020 6 19 34 189 6.5% 2.10[0.75, 5.93] T

Li X 2020 18 41 247 503 10.1% 0.81[0.43, 1.54] -

Li YK 2020 5 7 4 18 2.6% 8.75[1.21, 63.43]

Liu J 2020 2 5 11 35 2.7% 1.45[0.21, 9.98]

Liu W 2020 3 5 8 73 2.7% 12.19 [1.76, 84.31]

Mo P 2020 4 6 81 149 3.2% 1.68 [0.30, 9.45] -1 -

Qin C 2020 3 7 283 445 4.0% 0.43[0.09, 1.94] -1

Shi'Y 2020 6 40 43 434 7.4% 1.60 [0.64, 4.04] -

Wan S 2020 1 9 39 126 2.3% 0.28 [0.03, 2.31]

Wang R 2020 7 16 18 109 6.0% 3.93[1.30, 11.93] I

Zhang JJ 2020 2 2 56 138 1.2% 7.30 [0.34, 154.96] >

Subtotal (95% CI) 394 4030 86.1% 1.57 [1.09, 2.26] <

Total events 132 1270

Heterogeneity: Tau? = 0.18; Chi? = 25.02, df = 15 (P = 0.05); I* = 40%
Test for overall effect: Z = 2.45 (P = 0.01)

USA
Chow N 2020 5 27 452 1467 7.0% 0.51[0.19, 1.36] e
Goyal P 2020 6 20 124 373 6.9% 0.86 [0.32, 2.29] S
Subtotal (95% CI) 47 1840 13.9% 0.66 [0.33, 1.32] . .o
Total events 11 576

Heterogeneity: Tau? = 0.00; Chi? = 0.55, df =1 (P = 0.46); I = 0%
Test for overall effect: Z=1.17 (P = 0.24)

Total (95% Cl) 441 5870 100.0% 1.40 [0.98, 1.98] <o
Total events 143 1846
Heterogeneity: Tau? = 0.21; Chiz = 30.60, df = 17 (P = 0.02); |12 = 44% t t t J
Test fo? overZ[I effect: Z=1.87 (P = 0.06) ) 0.01 01 ! 10 100
Test for subgroup differences: Chi? = 4.70, df =1 (P = 0.03), I>=78.7%
Fig. 2 Random-effects meta-analysis of the association between smoking and COVID-19 severity. Boxes represent odds ratios (ORs) and their size
represent the studies weight, while lines represent the 95%Cl

COVID-19 mortality Smokers  Non-smokers Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight [V, Random, 95% CI IV, Random, 95% CI

Chen T 2020 7 12 106 262 32.0% 2.06 [0.64, 6.66] T

Li YK 2020 3 7 2 18 11.8% 6.00 [0.74, 48.90] l

Wang K 2020 2 16 31 324 20.8% 1.35[0.29, 6.22] S I

Yang X 2020 0 2 32 50 5.7% 0.11[0.01, 2.50] *

Zhou F 2020 5 11 49 180 29.7% 2.23[0.65, 7.63] -

Total (95% CI) 48 834 100.0% 1.86 [0.88, 3.94] e

Total events 17 220

Heterogeneity: Tau? = 0.10; Chi2 = 4.62, df = 4 (P = 0.33); I = 13% I t t i

Test for overall effect: Z=1.61 (P = 0.11) 0.01 01 ! 10 100
Fig. 3 Random-effects meta-analysis of the association between smoking and COVID-19 mortality. Boxes represent odds ratios (ORs) and their size
represent the studies weight, while lines represent the 95%Cl

seem “paradoxical” and unexpected. Moreover, there may it is the duty of the research community to focus on the
be concerns about the public perceiving smoking as a  data only and present them in an unbiased and balanced
protective factor, which could discourage smoking cessa-  way, by emphasizing the limitations but also by avoiding
tion or might even encourage smoking relapse. However,  potential predispositions or result expectations. In that
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COVID-19 severity Smokers Non-smokers Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Diabetes < 15%
Chen Q 2020 3 15 40 130 54% 0.56 [0.15, 2.10] —
Feng Y 2020 17 44 104 410 11.6% 1.85[0.97, 3.54] =
Guan WJ 2020 29 137 143 948 14.2% 1.51[0.97, 2.36] Bl
Hu L 2020 26 38 146 285 10.6% 2.06 [1.00, 4.25] -
Li YK 2020 5 7 4 18 2.9% 8.75[1.21, 63.43]
Liu W 2020 3 5 8 73 3.0% 12.19[1.76, 84.31]
Mo P 2020 4 6 81 149 3.6% 1.68 [0.30, 9.45] -1 -
Shi'Y 2020 6 40 43 434 8.4% 1.60 [0.64, 4.04] -1
Wan S 2020 1 9 39 126 2.6% 0.28 [0.03, 2.31]
Zhang JJ 2020 2 2 56 138 1.3% 7.30 [0.34, 154.96] >
Subtotal (95% CI) 303 2711 63.7% 1.76 [1.16, 2.67] ’
Total events 96 664
Heterogeneity: Tau? = 0.13; Chi? = 13.62, df =9 (P = 0.14); I = 34%
Test for overall effect: Z = 2.65 (P = 0.008)
Diabetes > 15%
Huang C 2020 0 3 13 38 1.4% 0.27 [0.01, 5.62]
Chow N 2020 5 27 452 1467 7.9% 0.51[0.19, 1.36] I
Goyal P 2020 6 20 124 373 7.9% 0.86 [0.32, 2.29] ]
Li X 2020 18 41 247 503 11.6% 0.81[0.43, 1.54] -
Liu J 2020 2 5 11 35 3.0% 1.45[0.21, 9.98]
Qin C 2020 3 7 283 445 4.5% 0.43[0.09, 1.94] - - 1
Subtotal (95% Cl) 103 2861 36.3% 0.72 [0.46, 1.10] <@
Total events 34 1130
Heterogeneity: Tau? = 0.00; Chi? = 2.10, df = 5 (P = 0.84); I>=0%
Test for overall effect: Z=1.51 (P = 0.13)
Total (95% Cl) 406 5572 100.0% 1.26 [0.87, 1.82] ‘
Total events 130 1794
Heterogeneity: Tau? = 0.20; Chi? = 26.35, df = 15 (P = 0.03); I2 = 43% b t t |
Test for overall effect: Z = 1.24 (P = 0.22) 0.01 01 ! 10 100
Test for subgroup differences: Chi? = 8.57, df = 1 (P = 0.003), I* = 88.3%
Fig. 4 Random-effects meta-analysis of the association between smoking and COVID-19 severity with studies stratified by diabetes prevalence
(< 15% and > 15%). Boxes represent odds ratios (ORs) and their size represent the studies weight, while lines represent the 95%Cl

respect, the well-established evidence on the adverse
health effects of smoking raises no doubt that smoking
initiation or continuation cannot be recommended as a
protective measure for COVID-19 (or any other disease).
However, the consistent data on low smoking prevalence
among hospitalized patients, despite their limitations,
raise the possibility nicotine could have potential thera-
peutic effects. Nicotine has been available for years in
pharmaceutical formulations and has been used thera-
peutically even in non-smokers [50, 51]. It is also possible
that other pharmaceutical agonists of nicotinic acetyl-
choline receptors may have similar therapeutic benefits
[52], with animal studies showing effects similar to nic-
otine in promoting inflammatory control through the
nicotinic cholinergic system [53-55]. Therefore, pharma-
ceutical nicotine replacement therapies or other nicotinic
agonists should be investigated in experimental in vitro
studies and in clinical trials as a potential therapeutic
measure for COVID-109.
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