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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 risk factors for infection, hospitalisation and/or mortality from COVID-19.

Objective: We aimed to estimate the rates of i) infection, ii) hospitalisation, iii) disease 

severity, and iv) mortality from SARS-CoV-2/COVID-19 stratified by smoking status.

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 MEDLINE, EPPI-

Mapper 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 or were diagnosed with COVID-19, providing that data on smoking status 

were reported. Studies were judged as high quality if they explicitly recorded current, 

former and never smoking status with low levels of missing data.

Results: T wenty-eight studies were included, 22 of which were conducted in China, 

three in the US, one in Korea, one in France and one across multiple international sites 

with data predominantly collected in the UK. Eight studies did not state the source for 

information on smoking status. T wenty-five 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 these 

uncertainties, compared with national prevalence estimates, recorded current and 
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former smoking rates in the included studies were generally lower than expected. 

Within the only study to report community SARS-CoV-2 infection by smoking status, 

current smokers appeared more likely to be tested but the rate for positive tests was 

lower. In two high-quality studies, results from a fixed-effects meta-analysis provided 

no evidence for an increased risk of hospitalisation among 657 current/former 

smokers who tested positive in the community (RR = 1.03, 95% CI = 0.93-1.14, p = 

0.57). Among 1370 people hospitalised across two high-quality studies, there was 

greater disease severity in current/former smokers compared with never smokers (RR 

= 1.43, 95% CI = 1.15-1.77, p = .002). T hree studies reporting on mortality did not 

explicitly state never smoking status.

Conclusions: Across 28 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 

low quality evidence that current and former smoking compared with never 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.

IntroductionIntroduction

 

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 pandemic[1]; however, these differences are currently unexplained. SARS-CoV-

2 enters epithelial cells through the ACE2 receptor[2]. Some evidence suggests that gene

expression and subsequent receptor levels are elevated in the airway and oral epithelium

of current smokers[3][4], thus putting smokers at higher risk of contracting SARS-CoV-2.

Other studies, however, show that nicotine downregulates the ACE2 receptor[5]. T hese

uncertainties notwithstanding, both former and current smoking is known to increase the

risk of respiratory viral[6][7] and bacterial[8][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
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disruption of the respiratory epithelium[10]. 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

former and/or current smoking on SARS-CoV-2 infection or COVID-19 related outcomes,

such as hospitalisation or mortality[11].

 

T here are several reviews that fall within the scope of smoking and COVID-

19[12][13][14][15][16]. 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 rapidly increasing

availability of data on this topic, this will be a ‘living’ review with regular updates.

 

MethodsMethods

 

Study desig nStudy desig n

 

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

verify[17].

 

Elig ibility criteriaElig ibility 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 assay, 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 written 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).
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Studies were excluded if they:

1)      Were published as a conference abstract.

 

Search strateg ySearch strateg y

 

We identified articles through setting up an alert on Ovid MEDLINE, searching for the

terms ‘smoking’ and ‘COVID-19’ in titles, abstracts and as key words. We also screened

studies listed under ‘T ransmission/risk/prevalence’ in EPPI-Mapper, a living map of

published evidence related to COVID-19. Pre-prints and public health reports were

identified through social media (e.g. T witter) and expertise within the review team.

 

Selection of  studiesSelection of  studies

 

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

 

Data extractionData extraction

 

Data were extracted by one and verified by a second reviewer on i) author (year); ii) date

published; iii) country; iv) study design; v) 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 appraisalQuality appraisal

 

Studies were judged as high quality if they explicitly recorded current, former and never

smoking status with low levels of missing data.

 

Evidence synthesisEvidence synthesis

 

A narrative synthesis was conducted. Where possible, data were pooled in RevMan

v.5.3[18] with the Mantel–Haenzel method using random or fixed effects, depending on

heterogeneity, and presented as risk ratios (RRs)[19]. Heterogeneity between study

outcomes was assessed using the I2 statistic, suitable for smaller meta‐analyses[20].

 

Qeios, CC-BY 4.0   ·   Article, April 23, 2020

Qeios ID: UJR2AW   ·   https://doi.org/10.32388/UJR2AW 4/17

http://eppi.ioe.ac.uk/COVID19_MAP/covid_map_v7.html


ResultsResults

 

A total of 310 records were identified, of which 75 full texts were screened and 28 studies

were included in the narrative synthesis (see Figure 1).

 

Figure 1. PRISMA flow diagram of included studies

 

Study characteristicsStudy characteristics

 

Characteristics of included studies are presented in T able 1. T wenty-two studies were

conducted in China[1][21][22][23][24][25][26][27][28][29][30][31][32][33][34][35][36][37], three in the

US[38][39][40], one in Korea[41], one in France[42] and one multi-site international study with

the majority of participants (82.1%) being recruited in the UK[43]. T wenty-four studies

were conducted in hospital settings. Four studies included a community component in

addition to hospitalised patients[38][39][40][42]. Sample sizes ranged from 9 to 7,162. T he

total sample analysed in the current review was 23,067 participants.

 

Smoking  statusSmoking  status
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Data quality

 

T he levels used to categorise smoking status were heterogeneous (see T able 1).

Notably, only three studies recorded current, former and never smoking status, with 25

studies reporting 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 (labelled ‘never smoker/unknown’ throughout). Smoking status was

predominantly collected through routine electronic health records. Six studies used a

bespoke case report form for COVID-19[32][37][42][44][45][46]. None of the studies verified

smoking status biochemically. T wo studies[33][46] 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 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% 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% among women in 2018[47], thus suggesting lower than expected

proportions of current and former smokers in the included studies.

 

In the included studies conducted in the US across community and hospital settings, 1.3%

to 27.2% were current smokers and 2.3% to 30.6% were former smokers. T his

compares with a smoking prevalence of 13.8% current and 20.9% former smokers in the

US in 2018[48].

 

In the included study conducted in Korea from a hospital setting, 18.5% were current

smokers. T his compares with a national smoking prevalence of 19.3% in Korea in

2016[49].

 

In the included study conducted in France, 7.1% were current smokers and 59.1% were

former smokers across an outpatient and inpatient hospital setting, with 6.2% and 61.0%

among those hospitalised. T his compares with a current and former smoking prevalence

of 32.0% and 31.4% respectively in France in 2018[50], thus suggesting a lower than
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expected proportion of current smokers in the included study but higher than expected

proportion of former.

 

In the multi-site study with participants predominantly from the UK in a hospital setting,

5.0% were current or former smokers. T his compares with a current and former

smoking prevalence of 14.4% and 25.8% in England in 2018[51], thus suggesting a lower

than expected proportion of current and former smokers in the included study.
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SARS-CoV-2  infection by smoking  statusSARS-CoV-2  infection by smoking  status

 

One study provided data on SARS-CoV-2 infection for people meeting local testing

criteria, stratified by smoking status (see T able 2). Data were obtained from a cohort

study of US military veterans. Current smokers were more likely to receive a test: 42.3%

(1603/3789) of the sample were current smokers compared with 21.6% of all veterans

over 18 between 2010-2015[52] (z = 25.52, p < .001). However, individuals with a smoking

history (i.e. current/former smokers) appeared less likely to test positive for SARS-CoV-2

than never smokers: of those with negative tests, 72.2% were current/former smokers.

T his compares with 61.3% of those with positive tests being current/former smokers.

 

H ospitalisation for COVID-19 by smoking  statusH ospitalisation for COVID-19 by smoking  status

 

T hree studies assessed hospitalisation for COVID-19 disease stratified by smoking status

(see T able 3). A fixed-effects meta-analysis was performed for two studies in which

never smoking status was ascertained (as opposed to grouping never smokers with

those with unknown status). T here was no significant difference between current/former

smokers and never smokers in the risk of requiring admission to hospital (RR = 1.03, 95%

CI = 0.93-1.14, p = 0.57; see Figure 2).

 

Figure 2. Forest plot for risk of hospitalisation by smoking status.

 

Disease severity by smoking  statusDisease severity by smoking  status

 

T en studies reported disease severity stratified by smoking status (see T able 4). Severe

disease (as opposed to non-severe disease) was broadly defined across studies 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). A fixed-

effects meta-analysis was performed for two studies in which never smoking status was

ascertained (as opposed to grouping never smokers with those with unknown status),
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indicating that smokers were of greater risk of experiencing severe disease compared

with never smokers (RR = 1.43, 95% CI = 1.15-1.77, p = .002; see Figure 3).

 

Figure 3. Forest plot for the risk of severe disease by smoking status

 

Mortality by smoking  statusMortality by smoking  status

 

T hree studies reported mortality from COVID-19 stratified by smoking status (see T able

5). As all three studies had potentially high levels of missing data (i.e. >90% of individuals

with no stated smoking history), a meta-analysis was not performed. T here did not

appear to be a notable difference between current/former smokers and never

smokers/unknown status in mortality.
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DiscussionDiscussion

 

T his rapid evidence review of 28 observational studies found substantial uncertainty

arising from the recording of smoking status. T here was generally lower than expected

smoking rates in the studied populations compared with national smoking prevalence,

but the comparisons include 25 studies which did not explicitly record or report on never

smoking status. 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 low quality evidence that disease severity in those

hospitalised for COVID-19 is greater in current/former smokers compared with never

smokers.

 

Infection by smoking  statusInfection by smoking  status

 

Current data suggest that smokers in the community appear to be less likely to test

positive for SARS-CoV-2 compared with never smokers. It should, however, be noted
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that smokers were tested at a higher rate than never smokers in the only study available.

Smokers may be more likely to meet local criteria for community testing due to

increased prevalence of symptoms consistent with SARS-CoV-2 infection, such as cough

and increased sputum production. We would therefore caution against drawing any

conclusion as to whether smokers are at increased risk of SARS-CoV-2 infection at this

early stage.

 

H ospitalisation and disease severity by smoking  statusH ospitalisation and disease severity by smoking  status

 

T here was no evidence that current/former smoker are at greater risk of hospitalisation

for COVID-19. However, these early studies are limited by several factors. First, they

primarily describe populations admitted to hospital in the context of an emerging

epidemic; hence, it is likely that data collection on smoking status was not considered a

priority. As a consequence, current smoking rates are likely to be underreported and

former smoking may have been conflated with never smoking. In China, approximately

69% of men aged 60+ years have a history of or are current smokers, which suggests

that a non-trivial proportion of former smokers for whom a period of regular smoking

earlier in life might have caused lasting disruption to the respiratory system have not

been taken into account in 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). Fourth, it should also be noted that smoking is a

risk factor for both hypertension and diabetes, two diseases associated with worse

outcomes from COVID-19, 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  statusMortality by smoking  status

 

Although there is currently insufficient evidence as to whether current/former smokers

are at greater risk of death from COVID-19, it should be noted that these early studies

have not followed all patients for a sufficient period of time to report such an outcome.
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Implications for research, policy and practiceImplications for research, policy and practice

 

We believe that high quality smoking cessation advice should form 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 system[53]. GPs and

other healthcare providers can play a crucial role – brief, high-quality and free online

training is available from NCSCT .

 

ConclusionConclusion

 

Across 28 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 low quality

evidence that current and former smoking compared with never is associated with

greater disease severity in those hospitalised for COVID-19.
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