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Abstract
Background: SARS-CoV-2 is the causative agent of COVID-19, an emergent zoonotic
disease which has reached pandemic levels and is designated a public health
emergency of international concern. It is plausible that former or current smoking
status are associated with infection, hospitalisation and/or mortality from COVID-19.

Objective: We aimed to estimate the association of smoking status with rates of i)
infection, ii) hospitalisation, iii) disease severity, and iv) mortality from SARS-CoV2/COVID-19.

Methods: We adopted recommended practice for rapid evidence reviews, which
involved limiting the search to main databases and having one reviewer extract data
and another verify. Published articles and pre-prints were identified via Ovid MEDLINE,
medRxiv and expertise within the review team. We included observational studies with
community-dwelling or hospitalised adults aged 16+ years who had been tested for
SARS-CoV-2 infection or diagnosed with COVID-19, providing that data on smoking
status were reported. T he National Institutes of Health’s Quality Assessment T ool for
Observational Cohort and Cross-Sectional Studies was used to divide studies into
‘good’, ‘fair’ and ‘poor’ quality. Studies were judged as ‘good’ quality if they: i) had low
levels of missing data on smoking status, ii) used a reliable self-report measure that
distinguished between current, former and never smoking status iii) used biochemical
verification of smoking status and iv) adjusted analyses for potential confounding
variables.

Results: Forty-one studies were included, 25 of which were conducted in China, seven
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in the US, three in France, two across multiple international sites and one each in the
UK, Korea, Mexico and Spain. Nine studies did not state the source for information on
smoking status. T hirty-one studies reported current and/or former smoking status
but had high levels of missing data and/or did not explicitly state whether the
remaining participants were never smokers. Notwithstanding recording uncertainties,
compared with national prevalence estimates, recorded current and former smoking
rates in 36 (5 ‘fair’ and 31 ‘poor’ quality) studies of hospitalised patients were generally
lower than expected. In two ‘fair’ quality studies, current and former smokers
appeared more likely to be tested for SARS-CoV-2 but there was no difference in the
risk of testing positive in current (RR = 0.74, 95% CI = 0.31-1.73, p = .49) or former (RR
= 1.18, 95% CI = 0.82-1.69, p = .37) compared with never smokers. In three ‘fair’ quality
studies of people who tested positive in the community, there was no evidence for a
decreased risk of hospitalisation among current (RR = 0.95, 95% CI = 0.76-1.18, p =
.62) or former (RR = 1.04, 95% CI = 0.98-1.10, p = .26) smokers compared with never
smokers. In three ‘fair’ quality studies, there was an increased risk of greater disease
severity in hospitalised current (RR = 1.36, 95% CI = 1.07-1.74, p = .01) but not former
(RR = 1.51, 95% CI = 0.86-2.65, p = .15) smokers compared with never smokers. T wo
‘poor’ quality studies provided mixed evidence for the risk of death in current
compared with former/never smokers.

Conclusions: Across 41 observational studies, there is substantial uncertainty about
the associations between smoking and COVID-19 outcomes arising from the
recording of smoking status. T he recorded smoking prevalence in hospitalised
patients across multiple settings was lower than national estimates but that
observation is inconsistent with there being no evidence of increased admission to
hospital from three ‘fair’ quality studies among people who tested positive in the
community. T here was limited evidence from ‘fair’ quality studies that current
compared with never smoking is associated with greater disease severity in those
hospitalised for COVID-19.

Implications: Unrelated to COVID-19, smokers are at a greater risk of a range of
serious health problems requiring them to be admitted to hospital. Given uncertainty
around the association of smoking with COVID-19, smoking cessation remains a public
health priority and high-quality smoking cessation advice should form part of public
health efforts during this pandemic.

Introduction
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COVID-19 is a respiratory disease caused by the emerging SARS-CoV-2 virus. Large age
and gender differences in case severity and mortality have been observed in the ongoing
COVID-19 pandemic1 ; however, these differences are currently unexplained. SARS-CoV-2
enters epithelial cells through the ACE2 receptor2. Some evidence suggests that gene
expression and subsequent receptor levels are elevated in the airway and oral epithelium
of current smokers3,4 , thus putting smokers at higher risk of contracting SARS-CoV-2.
Other studies, however, suggest that nicotine downregulates the ACE2 receptor5 . T hese
uncertainties notwithstanding, both former and current smoking is known to increase the
risk of respiratory viral6,7 and bacterial8,9 infections and is associated with worse
outcomes once infected. Cigarette smoke reduces the respiratory immune defence
through peri-bronchiolar inflammation and fibrosis, impaired mucociliary clearance and
disruption of the respiratory epithelium10 . T here is also reason to believe that
behavioural factors (e.g. regular hand-to-mouth movements) involved in smoking may
increase SARS-CoV-2 infection and transmission in current smokers. However, early data
from the COVID-19 pandemic have not provided clear evidence for a negative impact of
current or former smoking on SARS-CoV-2 infection or COVID-19 disease outcomes,
such as hospitalisation or mortality11 . It has also been hypothesised that nicotine might
protect against a hyper-inflammatory response (or “cytokine storm”) to SARS-CoV-2
infection, which may lead to adverse outcomes in patients with COVID-19 disease12.
T here are several reviews that fall within the scope of smoking and COVID-1911,13–17.
We aimed to produce a rapid synthesis of available evidence pertaining to the rates of
infection, hospitalisation, disease severity and mortality from SARS-CoV-2/COVID-19
stratified by smoking status. Given the increasing availability of data on this topic, this will
be a ‘living’ review with fortnightly updates. As evidence accumulates, the review will be
expanded to include studies reporting outcomes by alternative nicotine use (e.g., nicotine
replacement therapy or e-cigarettes).

M ethods

Study design

We adopted recommended practice for rapid evidence reviews, which involved limiting
the search to main databases and having one reviewer extract the data and another
verify18 .
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Eligibility criteria

Studies were included if they:

1)

Were primary research studies using experimental (e.g. randomised controlled trial),

quasi-experimental (e.g. pre- and post-test) or observational (e.g. case-control) study
designs;
2)

Involved as participants adults aged 16+ years;

3)

Recorded as outcome i) results of a SARS-CoV-2 diagnostic test (including antibody

assays), ii) a clinical diagnosis of COVID-19, iii) hospitalisation for COVID-19, iv) severity of
COVID-19 disease or v) mortality from COVID-19;
4)

Reported any of the outcomes of interest by self-reported or biochemically verified

smoking status (e.g. current smoker, former smoker, never smoker);
5)

Were available in English;

6)

Were published in a peer-reviewed journal, as a pre-print or a public health report by

reputable agents (e.g. governments, scientific societies).

Search strategy

T he following terms were searched for in Ovid MEDLINE as free text or Medical Subject
Headings:

1.

T obacco Smoking/ or Smoking Cessation/ or Water Pipe Smoking/ or Smoking/ or

Smoking Pipes/ or Cigar Smoking/ or Smoking Prevention/ or Cigarette Smoking/ or
smoking.mp. or Pipe Smoking/ or Smoking, Non-T obacco Products/ or Smoking Water
Pipes/
2.

Nicotine/ or nicotine.mp. or Electronic Nicotine Delivery Systems/ or Nicotine

Chewing Gum/
3.

vaping.mp. or Vaping/

4.

1 or 2 or 3

5.

Coronavirus/ or Severe Acute Respiratory Syndrome/ or Coronavirus Infections/ or

covid.mp.
6.

4 and 5

T he following terms were searched for in titles, abstracts and full texts in medRxiv:

1.

covid smoking
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2.

covid nicotine

3.

covid vaping

Additional articles/reports of interest were identified through mailing lists, T witter, the
International Severe Acute Respiratory and Emerging Infection Consortium (ISARIC), the
Intensive Care National Audit & Research Centre (ICNARC) and the US Centers for
Disease Control and Prevention (CDC).

Selection of studies

One reviewer screened titles, abstracts and full texts against the inclusion criteria.

Data extraction

Data were extracted by one reviewer and verified by a second on i) author (year); ii) date
published; iii) country; iv) study design; v) study setting; vi) sample size; vii) sex; viii) age; ix)
smoking status (e.g. current, former, never, missing); x) SARS-CoV-2 infection; xi)
diagnosis of COVID-19; xii) hospitalisation for COVID-19; xiii) disease severity; and xiv)
mortality.

Quality appraisal

T he National Institutes of Health’s Quality Assessment T ool for Observational Cohort
and Cross-Sectional Studies was used to determine the quality (i.e. ‘good’, ‘fair’, ‘poor’) of
included studies (19). Studies were judged as ‘good’ quality if they: i) had low levels of
missing data on smoking status, ii) used a reliable self-report measure that distinguished
between current, former and never smoking status iii) used biochemical verification of
smoking status; and iv) adjusted analyses for potential confounding variables (e.g. age,
comorbidities). Studies were rated as ‘fair’ if they had low levels of missing data on
smoking status and did one of either: i) used a reliable measure of current, former and
never smoking status (e.g. self-report); or ii) adjusted analyses for potential confounding
variables. Studies were otherwise rated as ‘poor’. T he quality appraisal was conducted by
one reviewer and verified by a second.

Evidence synthesis

A narrative synthesis was conducted. Where possible, data were pooled in RevMan
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v.5.320 with the Mantel–Haenzel or inverse variance method using random or fixed
effects, depending on heterogeneity, and presented as risk ratios (RRs)21 . Heterogeneity
between study outcomes was assessed using the I 2 statistic, suitable for smaller meta‐
analyses22.

Results

A total of 115 records were identified, of which 58 full texts were screened, 41 studies
were included in a narrative synthesis and 8 studies were included in meta-analysis (see
Figure 1).

Study characteristics

Characteristics of included studies are presented in T able 1. T wenty-five studies were
conducted in China1,23,32–41,24,42–47,25–31 , seven in the US48–54 , three in France55–57, two
multi-site international studies58,59 and one each from the UK60 , Mexico61 , Korea62 and
Spain63. T hirty-five studies were conducted in hospital settings. Seven studies included a
community component in addition to hospitalised patients48,49,54–56,60 . Studies had a
median of 368 (interquartile range = 66-1,000) participants. T he total sample analysed in
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the current review was 493,995 participants.

Smoking status

T he levels used to categorise smoking status were heterogeneous (see T able 1). Nine
studies did not report the source for information on smoking status. Notably, only six
studies recorded current, former and never smoking status, with a further four studies
reporting current or current/former and never smoking status. T he remaining 31 studies
reported current and/or former smoking status but did not explicitly state whether the
remaining participants were never smokers or whether data on smoking status were
missing. Nine studies explicitly reported missing data on smoking status, which ranged
from 1.3% to 92% (weighted mean = 33%). Smoking status was predominantly collected
through routine electronic health records. T welve studies used a bespoke case report
form for COVID-19. None of the studies verified smoking status biochemically. T wo
studies26,40 specifically stated that smokers were those with a >30 pack-year history or a
greater than 20-year history of smoking, respectively. Most studies did not assess
tobacco exposure (e.g. pack-years of smoking) in current or former smokers, or time
since quitting in former smokers.

Smoking prevalence among those with SARS-CoV-2 infection or a COVID-19 diagnosis by
country

In the included studies conducted in hospital settings across China, 3.8% to 17.6% were
current smokers and 1.9% to 5.0% (missing = 1.2%-92.0%) were former smokers.
However, current and former smoking prevalence in China was reported to be 50.5% and
8.4% respectively among men and 2.1% and 0.8% respectively among women in 201864 ,
thus suggesting lower than expected proportions of current and former smokers in the
included studies.

In the studies conducted in the US across community and hospital settings, 1.3% to
27.2% were current smokers and 2.3% to 30.6% (missing = 5.3%-96.4%) were former
smokers. T his compares with a prevalence of 13.8% current and 20.9% former smokers
in the US in 201865 .

In the studies conducted in France, 7.1% to 10.4% were current smokers and 18.0% to
59.1% (missing = 1.9%) were former smokers across community and hospital settings.
T his compares with a current and former smoking prevalence of 32.0% and 31.4%
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respectively in France in 201866 , thus suggesting a lower than expected proportion of
current smokers in the included studies but a higher than expected proportion of former
smokers in one study.

In one of the multi-site studies with participants predominantly from hospital settings in
the UK, 4.7% were ever smokers (missing = 47.0%). In the study conducted in the UK,
10.0% were current smokers and 34.6% were former smokers (missing = 0.6%). T his
compares with a current and former smoking prevalence of 14.4% and 25.8% in England
in 201867, thus suggesting a lower than expected proportion of current and former
smokers in the multi-site study but a higher than expected proportion of former smokers
in the UK only study.

In the study conducted within the healthcare service in Mexico, 9.4% were current
smokers (missing = 90.6%). T his compares with a national smoking prevalence of 16.6%
in Mexico in 201568 .

In the study conducted in a hospital setting in Spain, 42.9% were ever smokers (missing =
0.0%). T his compares with a national ever smoking prevalence of 51.3% in Spain in
200869 .

In the study conducted in a hospital setting in Korea, 18.5% were current smokers
(missing = 82.1%). T his compares with a national smoking prevalence of 19.3% in Korea
in 201670 .
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SARS-CoV-2 infection by smoking status

One ‘poor’ and two ‘fair’ quality studies provided data on SARS-CoV-2 test results for
people meeting local testing criteria by smoking status (see T able 2). In the ‘poor’ quality
study with data from high school students, school-based staff, parents and siblings in
France56 , current smokers (7.2%) were less likely to test positive than never smokers
(28.0%) (RR = 0.26, 95% CI = 0.11-0.61, p < .002).
In a cohort study of US military veterans aged 54-7548 , current smokers were more likely
to receive a test: 42.3% (1,603/3,789) of the sample were current smokers compared
with 23.8% of all veterans aged 50+ years using any tobacco product between 2010201571. Current smokers (RR = 0.48, 95% CI = 0.40-0.58, p < .001) but not former
smokers (RR = 0.98, 95% CI = 0.82-1.17, p = .80) had a significantly reduced risk of testing
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positive compared with never smokers.
In the UK Biobank cohort60 , former smokers (RR = 1.29, 95% CI = 1.14-1.45, p < .001)
and current smokers (RR = 1.44, 95% CI = 1.20-1.71, p < .001) were more likely to be
tested compared with never smokers in a multivariable analysis. However, former
smokers (RR = 1.42, 95% CI = 1.18-1.70, p < .001) but not current smokers (RR = 1.15,
95% CI = 0.86-1.54, p > .05) had greater risk of testing positive compared with never
smokers.

Meta-analyses were performed for the two ‘fair’ quality studies. No significant difference
was observed between current and never smokers (RR = 0.74, 95% CI = 0.31-1.73, p =
.49) or former and never smokers (RR = 1.18, 95% CI = 0.82-1.69, p = .37) in the risk of
testing positive for SARS-CoV-2 (see Figure 2 and 3, respectively).

Figure 2. Forest plot for risk of testing positive for SARS-CoV-2 in current vs. never smokers

Figure 3. Forest plot for risk of testing positive for SARS-CoV-2 in former vs. never smokers.

Hospitalisation for COVID-19 by smoking status

Five studies examined hospitalisation for COVID-19 disease stratified by smoking status
(see T able 3). Meta-analyses were performed for three ‘fair’ quality studies. T here was
no significant difference between current and never smokers (RR = 0.95, 95% CI = 0.761.18, p = .62) or former and never smokers (RR = 1.04, 95% CI = 0.98-1.10, p = .26) in the
risk of requiring admission to hospital following diagnosis of COVID-19 (see Figure 4 and
5, respectively).
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Figure 4. Forest plot for risk of hospitalisation in current vs. never smokers.

Figure 5. Forest plot for risk of hospitalisation in former vs. never smokers.

Disease severity by smoking status

T hirteen studies reported disease severity in hospitalised patients stratified by smoking
status (see T able 4). Severe (as opposed to non-severe) disease was broadly defined as
requiring IT U admission, requiring oxygen as a hospital inpatient or in-hospital death
(where this had not been disaggregated into disease severity vs. mortality). Metaanalyses were performed for three ‘fair’ quality studies. Current smokers were at
increased risk of greater severity disease compared with never smokers (RR = 1.36, 95%
CI = 1.07-1.74, p = .01). No significant difference was observed between former and
never smokers (RR = 1.51, 95% CI = 0.86-2.65, p = .15) (see Figure 6 and 7, respectively).

Figure 6. Forest plot for the risk of severe disease in current vs. never smokers.

Figure 7. Forest plot for the risk of severe disease in former vs. never smokers.
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Mortality by smoking status

Five studies reported mortality from COVID-19 by smoking status (see T able 5), with two
‘poor’ quality studies reporting multivariable analyses58,63. One reported increased odds
of in-hospital death in current compared with former/never/unknown smokers (OR =
1.79, 95% CI = 1.29-2.47, p < .001) and the other reported no significant difference in
mortality between current and former/never/unknown smokers (HR = 1.05, 95% CI =
0.79-1.39, p = 0.74).

Quality appraisal

Quality ratings for the included studies are presented in T able 6. Seven studies were rated
as ‘fair’ quality due to having low levels of missing data and either i) distinguished between
current, former and never smoking status or ii) adjusted analyses for potential
confounders. T he remaining 34 studies were rated as ‘poor’ quality.
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Discussion

T his rapid review of 41 observational studies found substantial uncertainty arising from
the recording of smoking status. Notwithstanding recording uncertainties, compared
with national prevalence estimates, recorded current and former smoking rates in 36
studies of hospitalised patients (of which five were of ‘fair’ quality) were generally lower
than expected. From available data, there was insufficient evidence to establish whether
current and/or former smoking status is associated with SARS-CoV-2 infection,
hospitalisation or mortality. T here was limited evidence from ‘fair’ quality studies that
disease severity in those hospitalised for COVID-19 is greater in current but not former
smokers compared with never smokers.

Infection by smoking status

Current and former smokers in the community appear more likely to receive a test. It
should be noted that current smokers may be more likely to meet local criteria for
community testing due to increased prevalence of symptoms consistent with SARS-CoV2 infection, such as cough and increased sputum production. However, there was no
difference in the risk of testing positive in current or former compared with never
smokers.

Hospitalisation and disease severity by smoking status

As reported elsewhere, smoking prevalence among multiple hospital cohorts was
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consistently lower than national estimates16 . In contrast, there was no evidence that
current or former smokers are at lower risk of hospitalisation for COVID-19 compared
with never smokers among those identified as testing positive in the community. T here
was some limited evidence that current smokers are at increased risk of greater disease
severity compared with never smokers.

However, these early studies are limited by several factors. First, most studies relied on
electronic health records (EHRs) as the source of information on smoking status.
Research shows large discrepancies between EHRs and actual behaviour72. Known
failings of EHRs include implausible longitudinal changes, such as former smokers being
recorded as never smokers at subsequent hospital visits72. Misreporting on the part of
the patient (perhaps due to perceived stigmatisation) has also been observed, with
biochemical measures showing higher rates of smoking behaviour compared with selfreport in hospitalised patients in the US73. It is hence likely that substantial underreporting of current and former smoking status has occurred across the included
studies. Second, individuals with severe symptoms from COVID-19 may have stopped
smoking prior to admission to a care facility and may therefore not have been recorded
as current smokers (i.e. reverse causality). T hird, smokers with COVID-19 may be less
likely to present to hospital because of lack of access to healthcare and more likely to die
in the community from sudden complications (i.e. self-selection). T aken together, these
may explain the observation that smoking prevalence has been consistently lower than
expected in hospitalised cohorts, without invoking a protective effect of smoking. In
contrast, it is not clear how these biases could lead to the associations between underreported smoking status and greater disease severity among those hospitalised. If there
is a true negative effect and the 'missing smokers' arise from biases, then the observed
association among those hospitalised would be deflated by those people being classified
as never smokers or missing from hospital. On the other hand, if there is a protective
effect of nicotine, then abrupt nicotine withdrawal upon hospitalisation may lead to worse
outcomes12. Fourth, it should also be noted that smoking is a risk factor for both
hypertension and diabetes, two diseases associated with worse outcomes from COVID19, which suggests that current and former smoking may be both directly and indirectly
implicated in COVID-19 outcomes. Last, reason for hospitalisation varies by country and
time in the epidemic. For example, initial cases may have been hospitalised for isolation
and quarantine reasons and not due to medical necessity. It is plausible that this may
have skewed early data towards less severe cases.

Mortality by smoking status
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T wo ‘poor’ quality studies provided mixed evidence for the risk of death in current
compared with former/never smokers. It should also be noted that these early studies
have not followed all patients for a sufficient period of time to report such an outcome.

Limitations

T his rapid review was limited by not having two independent reviewers extracting data,
limiting the search to one electronic database and one pre-print server and not including
at least two large population surveys due to their reliance on self-reported SARS-CoV-2
infection (which hence means they are not currently meeting our eligibility criteria)74,75 .
Population surveys – particularly with linked health data – will be included in future review
versions to help mitigate some of the limitations of healthcare based observational
studies.

Implications for research, policy and practice

Further research is needed to resolve the mixed findings summarised in our review. A
priority study would be a large, representative population survey with a validated
assessment of smoking status which distinguishes between recent and long-term exsmokers – ideally biochemically verified – and assesses seroprevalence and links to health
records. In the meantime, public-facing messages about the possible protective effect of
smoking or nicotine are premature. In our view, until there is further research, the quality
of the evidence does not justify the huge risk associated with a message likely to reach
millions of people that a lethal activity, such as smoking, may protect against COVID-19.
It continues to be appropriate to recommend smoking cessation and emphasise the role
of alternative nicotine to support smokers to stop as part of public health efforts during
COVID-19. At the very least, smoking cessation reduces acute risks from cardiovascular
disease and could reduce demands on the healthcare system76 . GPs and other
healthcare providers can play a crucial role – brief, high-quality and free online training is
available at NCSCT .

Conclusion

Across 41 observational studies, there is substantial uncertainty arising from the
recording of smoking status on whether current and/or former smoking status is
associated with SARS-CoV-2 infection, hospitalisation or mortality. T here is limited
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evidence that current smoking compared with never is associated with greater disease
severity in those hospitalised for COVID-19.

Acknowledgements

JB and OP receive salary support from Cancer Research UK (C1417/A22962). LS, JB and
OP are members of SPECT RUM, a UK Prevention Research Partnership Consortium
(MR/S037519/1). UKPRP is an initiative funded by the UK Research and Innovation
Councils, the Department of Health and Social Care (England) and the UK devolved
administrations, and leading health research charities.

An original short review for the Royal College of Physicians was converted to an extended
living review after a request by Martin Dockrell, T obacco Control Lead, Public Health
England. All scientific decisions were made by the authors independently of funders and
external organisations.

Conflicts of interest

DS and OP report no conflicts of interest. LS has received a research grant and honoraria
for a talk and travel expenses from manufacturers of smoking cessation medications
(Pfizer and Johnson & Johnson). JB has received unrestricted research funding from Pfizer
to study smoking cessation.

Ref erences
1

Guan W, Ni Z, Hu YY, et al. Clinical Characteristics of Coronavirus Disease 2019 in

China. N Engl J Med 2020; : NEJMoa2002032.
2

Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 Cell Entry Depends

on ACE2 and T MPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell 2020;
published online March 5. DOI:10.1016/j.cell.2020.02.052.
3

Brake SJ, Barnsley K, Lu W, McAlinden KD, Eapen MS, Sohal SS. Smoking

Upregulates Angiotensin-Converting Enzyme-2 Receptor: A Potential Adhesion Site for
Novel Coronavirus SARS-CoV-2 (Covid-19). J Clin Med 2020, Vol 9, Page 841 2020; 9: 841.
4

Cai G. Bulk and Single-Cell T ranscriptomics Identify T obacco-Use Disparity in

Lung Gene Expression of ACE2, the Receptor of 2019-nCov. 2020; published online
March 2. DOI:10.20944/PREPRINT S202002.0051.V3.
5

Oakes JM, Fuchs RM, Gardner JD, Lazartigues E, Yue X. Nicotine and the renin-

angiotensin system. Am. J. Physiol. - Regul. Integr. Comp. Physiol. 2018; 315: R895–906.

Qeios ID: UJR2AW.3 · https://doi.org/10.32388/UJR2AW.3

17/23

Qeios, CC-BY 4.0 · Article, May 7, 2020

6

Denholm JT , Gordon CL, Johnson PD, et al. Hospitalised adult patients with

pandemic (H1N1) 2009 influenza in Melbourne, Australia. Med J Aust 2010; 192: 84–6.
7

Abadom T R, Smith AD, T empia S, Madhi SA, Cohen C, Cohen AL. Risk factors

associated with hospitalisation for influenza-associated severe acute respiratory illness in
South Africa: A case-population study. Vaccine 2016; 34: 5649–55.
8

Almirall J, González CA, Balanzó X, Bolíbar I. Proportion of community-acquired

pneumonia cases attributable to tobacco smoking. Chest 1999; 116: 375–9.
9

Feldman C, Anderson R. Cigarette smoking and mechanisms of susceptibility to

infections of the respiratory tract and other organ systems. J. Infect. 2013; 67: 169–84.
10

Dye JA, Adler KB. Occasional review Effects of cigarette smoke on epithelial cells

of the respiratory tract. T horax 1994; 49: 825–34.
11

Vardavas CI, Nikitara K. COVID-19 and smoking: A systematic review of the

evidence. T ob Induc Dis 2020; 18: 20.
12

Farsalinos K, Niaura R, Le Houezec J, et al. Editorial: Nicotine and SARS-CoV-2:

COVID-19 may be a disease of the nicotinic cholinergic system. T oxicol Reports 2020;
published online April. DOI:10.1016/j.toxrep.2020.04.012.
13

Emami A, Javanmardi F, Pirbonyeh N, Akbari A. Prevalence of Underlying Diseases

in Hospitalized Patients with COVID-19: a Systematic Review and Meta-Analysis. Arch
Acad Emerg Med 2020; 8: e35.
14

Arabia S, Health D, Arabia S, et al. Prevalence, Severity and Mortality associated

with COPD and Smoking in patients with COVID-19: A Rapid Systematic Review and MetaAnalysis. medRxiv 2020; : 2020.03.25.20043745.
15

Patanavanich R, Glantz SA. Smoking is Associated with COVID-19 Progression: A

Meta-Analysis. medRxiv 2020. DOI:10.14171/j.2095-5944.sg.2014.02.004.
16

Farsalinos K, Barbouni A, Niaura R. Smoking, vaping and hospitalization for

COVID-19. Qeios 2020; published online March 25. DOI:10.32388/Z69O8A.8.
17

Berlin I, T homas D, Le Faou A-L, Cornuz J. COVID-19 and Smoking. Nicotine T ob

Res DOI:10.1093/NT R/NT AA059.
18

T ricco AC, Antony J, Zarin W, et al. A scoping review of rapid review methods.

BMC Med 2015; 13: 224.
19

National Heart Lung and Blood Institute. Study Quality Assessment T ools.

Natonal Institutes Heal. 2018; : 1–35.
20

T he Cochrane Collaboration. Review Manager (RevMan). Version 5.3.

Copenhagen: T he Nordic Cochrane Centre. 2014.
21

Higgins JPT , Wells GA. Cochrane handbook for systematic reviews of

interventions. 2011.
22

Higgins JPT , T hompson SG, Deeks JJ, Altman DG. Measuring inconsistency in

Qeios ID: UJR2AW.3 · https://doi.org/10.32388/UJR2AW.3

18/23

Qeios, CC-BY 4.0 · Article, May 7, 2020

meta-analyses. Br. Med. J. 2003; 327: 557–60.
23

Guan W, Liang W, Zhao Y, et al. Comorbidity and its impact on 1590 patients with

Covid-19 in China: A Nationwide Analysis. Eur Respir J 2020; : 2000547.
24

Lian J, Jin X, Hao S, et al. Analysis of Epidemiological and Clinical Features in Older

Patients With Coronavirus Disease 2019 (COVID-19) Outside Wuhan. Clin Infect Dis 2020;
2019: 1–8.
25

Jin X, Lian JS, Hu JH, et al. Epidemiological, clinical and virological characteristics of

74 cases of coronavirus-infected disease 2019 (COVID-19) with gastrointestinal
symptoms. Gut 2020; published online March 24. DOI:10.1136/gutjnl-2020-320926.
26

Chen T , Wu D, Chen H, et al. Clinical characteristics of 113 deceased patients with

coronavirus disease 2019: Retrospective study. BMJ 2020; 368. DOI:10.1136/bmj.m1091.
27

Zhou F, Yu T , Du R, et al. Clinical course and risk factors for mortality of adult

inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020; 0.
DOI:10.1016/s0140-6736(20)30566-3.
28

Mo P, Xing Y, Xiao Y, et al. Clinical characteristics of refractory COVID-19

pneumonia in Wuhan, China. Clin Infect Dis 2020; published online March 16.
DOI:10.1093/cid/ciaa270.
29

Zhang J, Dong X, Cao Y, et al. Clinical characteristics of 140 patients infected with

SARS‐CoV‐2 in Wuhan, China. Allergy 2020; : all.14238.
30

Wan S, Xiang Y, Fang W, et al. Clinical features and treatment of COVID-19

patients in northeast Chongqing. J Med Virol 2020; : 1–10.
31

Liu W, T ao Z-W, Wang L, et al. Analysis of factors associated with disease

outcomes in hospitalized patients with 2019 novel coronavirus disease. Chin Med J (Engl)
2020; 133: 1.
32

Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel

coronavirus in Wuhan, China. Lancet 2020; 395: 497–506.
33

Zhang X, Cai H, Hu J, et al. Epidemiological, clinical characteristics of cases of

SARS-CoV-2 infection with abnormal imaging findings. Int J Infect Dis 2020; 94: 81–7.
34

Guo T , Fan Y, Chen M, et al. Cardiovascular Implications of Fatal Outcomes of

Patients With Coronavirus Disease 2019 (COVID-19). JAMA Cardiol 2020; 2019.
DOI:10.1001/jamacardio.2020.1017.
35

Wang M, Luo X, Xu S, et al. T rends in smoking prevalence and implication for

chronic diseases in China: serial national cross-sectional surveys from 2003 to 2013.
Lancet Respir Med 2019; 7: 35–45.
36

Xu HH, Hou K, Xu HH, et al. Acute Myocardial Injury of Patients with Coronavirus

Disease 2019. medRxiv 2020; : 2020.03.05.20031591.
37

Li J, Li S, Cai Y, et al. Epidemiological and Clinical Characteristics of 17 Hospitalized

Qeios ID: UJR2AW.3 · https://doi.org/10.32388/UJR2AW.3

19/23

Qeios, CC-BY 4.0 · Article, May 7, 2020

Patients with 2019 Novel Coronavirus Infections Outside Wuhan, China. medRxiv 2020; :
2020.02.11.20022053.
38

Hu L, Chen S, Fu Y, et al. Risk Factors Associated with Clinical Outcomes in 323

COVID-19 Patients in Wuhan, China. medRxiv 2020; : 2020.03.25.20037721.
39

Wang R, Pan M, Zhang X, et al. Epidemiological and clinical features of 125

Hospitalized Patients with COVID-19 in Fuyang, Anhui, China. Int J Infect Dis 2020; :
127065.
40

Dong X, Cao Y, Lu X, et al. Eleven Faces of Coronavirus Disease 2019. Allergy

2020; : 1–11.
41

Shi Y, Yu X, Zhao H, Wang H, Zhao R, Sheng J. Host susceptibility to severe

COVID-19 and establishment of a host risk score: Findings of 487 cases outside Wuhan.
Crit Care 2020; 24: 2–5.
42

Zheng KI, Gao F, Wang X-B, et al. Obesity as a risk factor for greater severity of

COVID-19 in patients with metabolic associated fatty liver disease. Metabolism 2020; :
154244.
43

Liao Y, Feng Y, Wang B, et al. Clinical Characteristics and Risk factors for

developed COVID-19 patients transferring to designated hospital from Jianghan
Fangcang shelter Hospital : a retrospective , Summary : 2020; : 1–16.
44

Shi P, Ren G, Yang J, et al. Clinical characteristics of imported and second-

generation COVID-19 cases outside Wuhan, China: A multicenter retrospective study.
2020. DOI:10.1101/2020.04.19.20071472.
45

Liu R, Ming X, Zhu H, et al. Association of Cardiovascular Manifestations with In-

hospital Outcomes in Patients with COVID-19: A Hospital Staff Data. medRxiv 2020; :
2020.02.29.20029348.
46

Huang Y, Yang R, Xu Y, et al. Clinical characteristics of 36 non-survivors with

COVID-19 in Wuhan, China. medRxiv 2020; : 2020.02.27.20029009.
47

Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients with

SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, observational
study. Lancet Respir Med 2020; 2600: 1–7.
48

Rentsch CT , Kidwai-Khan F, T ate JP, et al. Covid-19 T esting, Hospital Admission,

and Intensive Care Among 2,026,227 United States Veterans Aged 54-75 Years. medRxiv
2020; : 2020.04.09.20059964.
49

Petrilli CM, Jones SA, Yang J, et al. Factors associated with hospitalization and

critical illness among 4,103 patients with COVID-19 disease in New York City. medRxiv
2020; : 2020.04.08.20057794.
50

Argenziano MG, Bruce SL, Slater CL, et al. Characterization and Clinical Course of

1000 Patients with COVID-19 in New York: retrospective case series. medRxiv 2020; :

Qeios ID: UJR2AW.3 · https://doi.org/10.32388/UJR2AW.3

20/23

Qeios, CC-BY 4.0 · Article, May 7, 2020

2020.04.20.20072116.
51

Richardson S, Hirsch JS, Narasimhan M, et al. Presenting Characteristics,

Comorbidities, and Outcomes Among 5700 Patients Hospitalized With COVID-19 in the
New York City Area. JAMA 2020; 10022: 1–8.
52

Magagnoli J, Narendran S, Pereira F, et al. Outcomes of hydroxychloroquine

usage in United States veterans hospitalized with Covid-19. medRxiv 2020; :
2020.04.16.20065920.
53

Gold JAW, Wong KK, Szablewski CM, Patel PR, Rossow J, Silva J. Characteristics and

Clinical Outcomes of Adult Patients Hospitalized with COVID-19 — Georgia , March 2020.
2020; 69. https://www.cdc.gov/mmwr/volumes/69/wr/mm6918e1. htm?
s_cid=mm6918e1_w.
54

Chow N, Fleming-Dutra K, Gierke R, et al. Preliminary Estimates of the Prevalence

of Selected Underlying Health Conditions Among Patients with Coronavirus Disease 2019
— United States, February 12–March 28, 2020. Morb Mortal Wkly Rep 2020; 69: 382–6.
55

Miyara M, T ubach F, POURCHER V, et al. Low incidence of daily active tobacco

smoking in patients with symptomatic COVID-19. Qeios 2020; published online April 21.
DOI:10.32388/WPP19W.3.
56

Fontanet A, T ondeur L, Madec Y, et al. Cluster of COVID-19 in northern France: A

retrospective closed cohort study. medRxiv 2020; : 2020.04.18.20071134.
57

Hadjadj J, Yatim N, Barnabei L, et al. Impaired type I interferon activity and

exacerbated inflammatory responses in severe Covid-19 patients. medRxiv 2020; :
2020.04.19.20068015.
58

Mehra MR, Desai SS, Kuy S, Henry T D, Patel AN. Cardiovascular Disease, Drug

T herapy, and Mortality in Covid-19. N Engl J Med 2020; : NEJMoa2007621.
59

ISARIC. International Severe Acute Respiratory and Emerging Infection

Consortium. 2020. https://isaric.tghn.org/about/.
60

Niedzweidz C, O’Donnell CA, Jani BD, et al. Ethnic and socioeconomic differences

in SARS-CoV-2 infection: prospective cohort study using UK Biobank. 2020.
DOI:10.1101/2020.04.22.20075663.
61

Rodriguez-Cola M, Jimenez-Velasco I, Gutierrez-Henares F, et al. Clinical features

of coronavirus disease 2019 (COVID-19) in a cohort of patients with disability due to
spinal cord injury. 2020. DOI:10.1101/2020.04.20.20072918.
62

Kim ES, Chin BS, Kang CK, et al. Clinical Course and Outcomes of Patients with

Severe Acute Respiratory Syndrome Coronavirus 2 Infection: a Preliminary Report of the
First 28 Patients from the Korean Cohort Study on COVID-19. J Korean Med Sci 2020; 35:
e142.
63

Solis P, Carreno H. COVID-19 Fatality and Comorbidity Risk Factors among

Qeios ID: UJR2AW.3 · https://doi.org/10.32388/UJR2AW.3

21/23

Qeios, CC-BY 4.0 · Article, May 7, 2020

Diagnosed Patients in Mexico. 2020. DOI:10.1101/2020.04.21.20074591.
64

Chinese Center for Disease Control and Prevention. Global Adult T obacco Survey,

China 2018. 2019. https://www.who.int/docs/default-source/wpro--documents/countries/china/2018-gats-china-factsheet-cn-en.pdf?sfvrsn=3f4e2da9_2
(accessed April 23, 2020).
65

Center for Health Statistics N. T able A-12. Current cigarette smoking status

among adults aged 18 and over, by selected characteristics: United States, 2018. 2018
http://www.cdc.gov/nchs/nhis/SHS/tables.htm. (accessed April 23, 2020).
66

Andler R, Richard J, Guignard R, et al. Baisse de la prévalence du tabagisme

quotidien parmi les adultes : résultats du Baromètre de Santé publique France 2018. Bull
Epidémiol Hebd 2019; 15: 271–7.
67

Office for National Statistics (UK). Smoking habits in the UK and its constituent

countries. 2019.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandl
ifeexpectancies/datasets/smokinghabitsintheukanditsconstituentcountries (accessed
March 31, 2020).
68

Ahluwalia IB, Arrazola RA, Zhao L, et al. T obacco Use and T obacco-Related

Behaviors - 11 Countries, 2008-2017. MMWR Morb Mortal Wkly Rep 2019; 68: 928–33.
69

Eurobarometer F. Flash Eurobarometer 253- Survey on T obacco- Analytical

report. 2009; : 98.
70

Chang Y, Kang HY, Lim D, Cho HJ, Khang YH. Long-term trends in smoking

prevalence and its socioeconomic inequalities in Korea, 1992-2016. Int J Equity Health
2019; 18: 4–13.
71

Odani S, Agaku IT , Graffunder CM, T ynan MA, Armour BS. T obacco product use

among military veterans - United States, 2010-2015. Morb Mortal Wkly Rep 2018; 67: 7–
12.
72

Polubriaginof F, Salmasian H, Albert DA, Vawdrey DK. Challenges with Collecting

Smoking Status in Electronic Health Records. AMIA . Annu Symp proceedings AMIA Symp
2017; 2017: 1392–400.
73

Benowitz NL, Schultz KE, Haller CA, Wu AHB, Dains KM, Jacob P. Prevalence of

smoking assessed biochemically in an urban public hospital: a rationale for routine
cotinine screening. Am J Epidemiol 2009; 170: 885–91.
74

Bowyer RCE, Varsavsky T , Carole H. Geo-social gradients in predicted COVID-19

prevalence and severity in Great Britain : results from Affiliations : Corresponding
authors : Understanding the geographical distribution of COVID-19 through the general
population is key to the provision of ade. 2020.
75

Jackson SE, Brown J, Shahab L, Steptoe A, Fancourt D. COVID-19, smoking, and

Qeios ID: UJR2AW.3 · https://doi.org/10.32388/UJR2AW.3

22/23

Qeios, CC-BY 4.0 · Article, May 7, 2020

inequalities: a cross-sectional survey of adults in the UK. Submitted 2020.
76

Stead LF, Buitrago D, Preciado N, Sanchez G, Hartmann-Boyce J, Lancaster T .

Physician advice for smoking cessation. Cochrane Database Syst. Rev. 2013; 2017.
DOI:10.1002/14651858.CD000165.pub4.

Qeios ID: UJR2AW.3 · https://doi.org/10.32388/UJR2AW.3

23/23

