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Abstract: Background: Our aim was to assess, in the general German population, the association between tobacco smoking status and self-
reported SARS-CoV-2 infection, COVID-19 symptom severity, and symptom duration. Methods: Cross-sectional household survey with face-to-
face interviews of representative samples of the German population conducted between 02/2021-04/2022. Associations between smoking
status (current, long-term ex-, never) and three self-reported outcomes (corona infection status, symptom severity, and symptom duration)
were analysed with regression models, adjusted for a range of potential confounding factors, including vaccination status in a sub-sample. We
also ran sensitivity analyses. Results: 872 people reported an infection (5.4 % of 16,028). There was no relevant and statistically significant as-
sociation between current smoking and long-term ex-smoking compared with never smoking regarding ever being infected with corona
(@a0R=1.02,95%CI=0.86-1.20 and aOR=1.03, 95 %C|=0.83-1.28, respectively), symptom severity (a0OR=0.84, 95 %Cl=0.59-1.20 and aOR=0.88,
95%Cl=0.55-1.38, respectively), and symptom duration (aB)=-0.09 months, 95 %Cl=-0.45-0.28 and aB=0.002 months, 95%Cl=-0.48-0.48).
Sensitivity analyses examining the interaction between survey wave and smoking status showed that the risk of an infection increased over
time, and this increase was higher in current smokers compared with never smokers. Conclusions: In the general German population smokers
appear to be as likely to acquire a corona infection as long-term ex- and never smokers.
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Zusammenhang zwischen Tabakrauchstatus und selbst-berichteter SARS-CoV-2/COVID-19-Infektion, Krankheitsschwere und -dauer in
der Allgemeinbevélkerung Deutschlands

Zusammenfassung: Einfiihrung: Es gibt widersprichliche Theorien dartber, welche Rolle Tabakrauchen und/oder Nikotin bei der Anfalligkeit
flr eine Infektion mit dem schweren akuten respiratorischen Syndrom Coronavirus 2 (SARS-CoV-2) und der Coronavirus-Krankheit 2019 (CO-
VID-19) spielen. Unser Ziel war es, in der Allgemeinbevolkerung Deutschlands den Zusammenhang zwischen dem Tabakrauchstatus und der
selbst-berichteten SARS-CoV-2-Infektion, dem Schweregrad der COVID-19-Symptome und der Symptomdauer zu untersuchen. Methodik:
Querschnittliche Haushaltsbefragung mit personlich-mundlichen Interviews bei reprasentativen Stichproben der in Deutschland lebenden
Bevolkerung, durchgefuhrt zwischen Februar 2021 und April 2022. Die Zusammenhange zwischen dem Rauchstatus (aktuelle_r Raucher_in,
langjahrige_r Ex-Raucher_in und Nie-Raucher_in) und drei selbstberichteten Endpunkten (Corona-Infektionsstatus, Schweregrad der Corona-
Symptome bei Infizierten und Dauer der Corona-Symptome bei Personen mit Corona-Symptomen) wurden mit multivariablen Regressionsmo-
dellen analysiert, adjustiert fir eine Reihe potenzieller Storfaktoren, einschlief3lich des Impfstatus in einer Unterstichprobe. Wir fihrten zudem
Sensitivitatsanalysen durch. Ergebnisse: Insgesamt meldeten 872 Personen eine Corona-Infektion (5.4 % von 16.028). Es bestand kein relevan-
ter und statistisch signifikanter Zusammenhang zwischen aktuellem Rauchen und langfristigem Ex-Rauchen im Vergleich zu Nie-Rauchen im
Hinblick auf eine jemals erworbene Corona-Infektion (adustierte Odds Ratio (aOR) = 1.02, 95 % Konfidenzintervall (95%KI) = 0.86-1.20 bzw.
aOR=1.03, 95%KI=0.83-1.28), Schweregrad der Corona-Symptome (aOR=0.84, 95%KI=0.59-1.20 bzw. aOR=0.88, 95 %KI=0.55-1.38) und
Dauer der Corona-Symptome (bereinigter B-Koeffizient (ap)=-0.09 Monate, 95%Cl=-0.45-0.28 und ap=0.002 Monate, 95 %KI=-0.48-0.48).
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Sensitivitatsanalysen, die die Interaktion zwischen der Erhebungswelle (auf einer metrischen Skala) und dem Raucherstatus untersuchten,
zeigten, dass das Risiko einer Infektion im Laufe der Zeit anstieg, und dieser Anstieg war bei aktuellen Rauchern héher als bei Nie-Rauchern.
Schlussfolgerung: In der deutschen Allgemeinbevolkerung scheinen Raucher_innen ebenso haufig an einer Corona-Infektion zu erkranken wie

Langzeit-Ex-Raucher_innen und Nie-Raucher_innen.

Schliisselwdrter: COVID-19, SARS-CoV-2, Tabakrauchen, Krankheitsschwere, Krankheitsdauer, Impfung, Bevolkerungsumfrage

Background

The Coronavirus disease 2019 (COVID-19) is a contagious
respiratory disease caused by the severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2) virus (World
Health Organization, 2021). Due to its high transmissibili-
ty, governments worldwide issued various behavioural re-
strictions such as periodic lockdowns to reduce the spread
of the virus and to avoid overloading hospital systems from
February 2020 (Taylor, 2021). About a year into the pan-
demic, on December 27, 2020, Germany’s vaccine pro-
gram was rolled out, thus providing effective protection
against severe disease and mortality, especially to those at
high risk (e.g., older adults, men, individuals with comor-
bidities). While the COVID-19 vaccine campaign made its
way slowly through the German population in 2021, surges
of infections erupted due to the Delta variant of the SARS-
CoV-2 virus. As of October 3rd, 2023, there have been an
estimated total of 38 million cases and 168,935 deaths due
to COVID-19 in Germany (John Hopkins University &
Medicine, 2023).

There have been conflicting theories about the role to-
bacco smoking and/or nicotine plays in the susceptibility
of COVID-19 infection, disease severity, and symptoms.
One of the defining features of the SARS-CoV-2 virus is
its spike protein, which is involved in receptor recogni-
tion, viral attachment, and entry into host cells via the
host cell receptor angiotensin-converting enzyme 2
(ACE-2) (Huang et al., 2020). In some studies, active cig-
arette smoking has been found to upregulate ACE-2 ex-
pression, suggesting that smokers may be at an increased
risk of a SARS-CoV-2 infection (Leung et al., 2020; Smith
et al., 2020). However, reduced receptor levels in smok-
ers have also been reported (Oakes et al., 2018). It has
also been suggested that nicotine competes with SARS-
CoV-2 for the nicotinic acetylcholine receptor, which acts
as a co-receptor for viral cell entry (Farsalinos, Barbouni
et al., 2020; Farsalinos, Niaura et al., 2020; Grundy et al.,
2020). Furthermore, behavioural factors might play a
role such as risk-reducing behaviour (e.g., meeting other
people rather outdoors than indoors, or meeting less fre-
quently) in smokers with pre-existing diseases (e.g., pul-
monary or heart diseases) out of a fear of respiratory
complications of COVID-19 (Richard et al., 2022; Wag-
ner et al., 2021).
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Current evidence about smoking and the risk of corona
infection and disease outcomes includes a large living evi-
dence review of over 500 studies from around the globe
by Simons et al. (Simons et al., 2021). Findings from their
unadjusted meta-analyses showed current smokers com-
pared to never smokers were at a decreased risk of SARS-
CoV-2 infection (Relative risk [RR] = 0.67, credible inter-
val [CrI]= 0.60-0.75); and among hospitalised patients,
current smokers compared to never smokers had an in-
creased risk of greater COVID-19 severity (RR=1.3,
CrI=1.01-1.71) (Simons et al., 2021). Mendelian randomi-
zation studies have further supported findings that smok-
ing increases the risk of severe COVID-19 (Clift et al.,
2022; Yeung et al., 2022).

Lacking in the literature are studies with random or rep-
resentative population samples. The majority of studies
have been conducted in hospital settings and with selected
populations. The few high quality population studies did
not primarily focus on the association between smoking
and SARS-CoV-2 / COVID-19 (Barchuk et al., 2021; Carrat
et al., 2021; Gornyk et al., 2021; Merkely et al., 2020; Ra-
don et al., 2021; Richard et al., 2022; Wagner et al., 2021).
Subsequent methodological limitations include incom-
plete data regarding smoking behaviour (in particular the
distinction between recent vs. long-term ex-smoking), a
lack of or incomplete adjustment for confounding factors,
samples that did not capture the entire population or fo-
cused on only patient populations, and not capturing or
reporting on asymptomatic infections.

The present study therefore aimed to add to the existing
evidence by addressing the following research questions
using self-reported data from a representative survey of
the German population: (1) In the general German popula-
tion aged 14+ years, compared with never smoking is (a)
current and (b) former smoking associated with an in-
creased risk of SARS-CoV-2 infection? (2) In people with a
SARS-CoV-2 infection, compared with never smoking is
(a) current and (b) former smoking associated with an in-
creased risk of more severe COVID-19 symptoms? (3) In
people who have COVID-19 with symptoms, compared
with never smoking is (a) current and (b) former smoking
associated with an increased risk of longer COVID-19
symptom duration? Evidence about the role of tobacco
smoking and/or nicotine is potentially useful for future ef-
forts of disease prevention and risk communication.
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Methods

We conducted a cross-sectional analysis using data from
the German Study on Tobacco Use (DEBRA: “Deutsche Be-
fragung zum Rauchverhalten”): an ongoing representative
household survey on tobacco use in the German population
(Kastaun et al., 2017). The DEBRA study collects bimonthly
data from computer-assisted face-to-face household inter-
views in a sample of approximately 2,000 persons aged 14+
per wave. Respondents were selected by using a dual frame
design: a composition of random stratified sampling (50 %
of the sample) and quota sampling (50 % of the sample).
Details regarding this sampling design have been described
in detail elsewhere (https://osf.io/e2nqr/). Data collection
on COVID-19 infections and symptoms started in wave 28
(February/March 2021) of the DEBRA study and continued
until wave 35 (March/April 2022). Additional data on coro-
na vaccination were collected in waves 34 (January/Febru-
ary 2022) and 35. Respondents were not reimbursed for
participation. The DEBRA study has been registered at the
German Clinical Trials Register (registration numbers
DRKS00011322, DRKS00017157, and DRKS00028054).
We published a detailed study protocol a priori to analysing
the data (https://osf.io/pzrv3).

Outcomes

We measured our first outcome - corona infection - by ask-
ing whether a person had ever been infected with the co-
rona virus: “Have you ever been tested for the corona virus
by healthcare personnel (no self-test)?” Response options:
(1) Yes, and I have tested positive at least once; (2) Yes, but
I have always tested negative; (3) Yes, but I am still waiting
for the result; (4) No, I have never been tested for the co-
rona virus; (5) I don’t know if I have ever been tested for
the corona virus; and (6) no response. We relied on self-
report; the infection status was not verified by a written
report from a laboratory or test station. The variable was
dichotomised into infection (response 1) and no infection
(responses 2-5). For a sensitivity analysis, the variable was
dichotomised into infection (response 1) and no infection
(responses 2-4), thus excluding also the “I don’t know if T
have ever been tested” group.

In the subgroup of persons who had ever been infected
with the corona virus (i.e., question 1, response 1), we
measured our second outcome - corona symptom severi-
ty - by asking. “The main symptoms of the corona virus
are, for example, fever over 38 degrees; a new, persistent
cough or a cold; head and limb pain; or disturbed smell
and taste. When you think about it, how severe were the
symptoms of your corona disease?” Response options: (1) I
had no symptoms or the test result was probably wrong; (2)
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I only had mild symptoms; (3) I had severe symptoms, but
could cure myself at home; (4) I had severe symptoms and
had to get treatment in a hospital; (5) In the hospital I
needed intensive care treatment or had to be intubated;
(6) no response. The variable was dichotomised into low
symptom severity (responses 1-2) and high symptom se-
verity (responses 3-5). For a sensitivity analysis, the varia-
ble was dichotomised into no hospitalisation (responses
1-3) and hospitalisation (responses 4-5).

In a further subgroup of persons with corona symptoms
(i.e., question 2, responses 2-5), we measured our third
outcome - corona symptom duration - by asking the fol-
lowing two questions: “How long ago was your corona dis-
ease?” Response options: (1) In the past month; (2)
1-3 months; (3) 3-6 months; (4) 6-9 months; (5)
9-12 months; (6) longer than 12 months; and (7) no re-
sponse. “How long did the complaints of your corona dis-
ease last approximately?” Response options: (1) until to-
day; (2) 1 month; (3) 1-3 months; (4) 3-6 months; (5)
6-9 months; (6) 9-12 months; (7) longer than 12 months;
and (8) no response. These two variables were combined
and invalid combinations corrected to estimate the symp-
tom duration on a metric scale ranging from 0.5 to
12 months (details see Electronic Supplementary Material
[ESM] 1).

Exposures

We measured our exposures of interest by asking: “Which
of the following applies to you best? Please note that smok-
ing means smoking tobacco and not electronic cigarettes
or heated tobacco products.” Response options: (1) I smoke
cigarettes every day; (2) I smoke cigarettes, but not every
day; (3) I do not smoke cigarettes at all, but I do smoke to-
bacco of some kind (e.g., pipe or cigar); (4) I have stopped
smoking completely in the last year; (5) I stopped smoking
completely more than a year ago; (6) I have never been a
smoker (i.e., smoked for a year or more); and (7) no
response.

We defined current tobacco smoking by responses 1, 2 or
3, long-term ex-smoking by responding 5, and never smok-
ing by responding 6. Recent ex-smokers (response 4; 1.0 %
of the total sample) were excluded from the analyses to
avoid the risk of misclassification (i.e., the possibility that
smokers stop smoking due to their corona symptoms).

Potential Confounding Variables
We included the following potential confounding variables
from the DEBRA database in our adjusted analyses (see

ESM 2 for causal diagrams): years of age (continuous vari-
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able), sex (binary: female, male), migration background
(binary: at least one of the parents born abroad, none),
number of persons in the household aged 18+ years, num-
ber of persons in the household aged <18 years, monthly
net household income per person in the household (con-
tinuous variable), educational attainment (categorical:
low, middle, high), region of living (binary: rural, urban),
and wave of the survey (categorical: DEBRA wave 28-35).

An important aspect of corona infection and symptoms is
vaccination against the corona virus. The vaccination pro-
gram in Germany started at the end of the year 2020, but it
took until mid-June 2021 until approximately half the popu-
lation had received at least one vaccination dose (https://
impfdashboard.de). We only started to collect data on the
vaccination status (i.e., having received at least one vacci-
nation) of the respondents to the DEBRA survey in wave 34
(January/February 2022; also here, we relied on self-report)
and were therefore unable to adjust our main analyses for
this factor. However, we conducted a sensitivity analysis
which takes this aspect into account (see below).

Statistical Analyses

We pre-registered our statistical analysis plan in our study
protocol (https://osf.io/pzrv3). Our statistical analyses in-
cluded 3 regression models based on a complete cases
dataset (people with missing data excluded): First, to ana-
lyse the association between smoking status and corona
infection (research question 1), we used a multivariable
logistic regression model with corona infection (infection
vs. no infection) as the dependent variable and smoking
(current smoking, long-term ex-smoking vs. never smok-
ing = reference) as the main independent variable. Second,
to analyse the association between smoking status and co-
rona symptom severity (research question 2), we selected
the sub-sample of people who ever had a corona infection
and used a multivariable logistic regression model with
corona symptom severity (high vs. low symptom severity)
as the dependent variable and smoking (current smoking,
long-term ex-smoking vs. never smoking = reference) as
the main independent variable. Third, to analyse the asso-
ciation between smoking status and corona symptom du-
ration (research question 3), we selected the sub-sample of
people who ever had a corona infection with symptoms
and used a multivariable linear regression model with co-
rona symptom duration (metric, ranging from 0.5 to
12 months) as the dependent variable and smoking (cur-
rent smoking, long-term ex-smoking vs. never smoking =
reference) as the main independent variable. All models
were adjusted for the above mentioned potentially con-
founding factors. We used IBM® SPSS Statistics Version 27
for the analyses.

SUCHT (2024),70 (2),67-76

We had planned the following sensitivity analyses: (1) a
repetition of analyses 1-2 with a differently coded depend-
ent variable (see outcomes section above); (2) a repetition
of analyses 1-3 in a sample restricted to waves in which
only a minority of the population had been vaccinated
(waves 28-30; February/March 2021 to May/June 2021);
and (3) a repetition of analyses 1-3 in a sample restricted to
waves in which we collected data on the vaccination status
of the respondents (wave 34-35 (January/February 2022 to
March/April 2022).

Results

A total 0f 16,361 people were interviewed in the period be-
tween 18 February 2021 and 5 April 2022 (waves 28-35 of
the DEBRA study), of which 16,028 were current smoker,
long-term ex-smoker or never smoker who responded to
the question regarding corona infection (79/16,107=0.5%
did not respond). The characteristics of the study popula-
tion are shown in Table 1. Current smokers were some-
what younger and more frequently male and with a migra-
tion status. Furthermore, the rate of vaccination against
SARS-CoV-2 (only measured in waves 34-35) was lower in
current smokers (89.2%) than in long-term ex-smokers
(93.3%) and never smokers (93.9%).

A total of 872 people reported ever being infected with
corona (5.4%j; Table 1 and ESM 3). A post-hoc ancillary
analysis assessing the validity of this self-report showed
that our estimated infection rates at the time points of the
various surveys waves were comparable to the official in-
fection rates from the Robert Koch Institute (see ESM 4).
Among the 872 people with an infection, 610 (70.0 %) re-
ported a low symptom severity (including n=148 without
symptoms; Table 1 and ESM 5). Among the 724 people
with an infection and with symptoms of any degree, 77
(10.6 %) reported a symptom duration of 4.5 months or
longer (Table 1 and ESM 1).

Our first regression model included 14,730 people after
1,298 (8.1% 0f'16,028) with missing data on one or more of
the potentially confounding factors included in the model
had been excluded. The odds of an infection showed no
relevant or statistically significant difference between cur-
rent (adjusted odds ratio (aOR) = 1.02, 95% confidence
interval (95%CI) = 0.86-1.20) and long-term ex-smokers
(aOR=1.03, 95%CI=0.83-1.28) compared with never
smokers (Table 2).

Our second regression model, in the sub-sample of peo-
ple who ever had a corona infection, included 800 people
after 72 (8.2 % of 872) with missing data had been exclud-
ed. Both current (aOR=0.84, 95 %CI=0.59-1.20) and long-
term ex-smokers (aOR=0.88, 95%CI=0.55-1.38) had a
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lower but statistically non-significant odds of high symp-
tom severity compared with never smokers (Table 2).

Our third regression model, in the sub-sample of people
who ever had a corona infection with symptoms included
626 cases. A total of 98 people (13.5% of 724) with missing
data had been excluded. The symptom duration between
current smokers (adjusted pB-coefficient (ap)=-0.09,
95 %CI=-0.45-0.28) and long-term ex-smokers (a=0.002,
95%CI=-0.48-0.48) showed no relevant difference from
never smokers (Table 2).

Our a priori planned sensitivity analyses yielded partly
different effect estimates, but none of the associations
were statistically significant (ESM 6, 7, 8). Regarding our
first outcome, our sensitivity analysis with restriction to
waves 28-30 in which only a minority of the popula-
tion had been vaccinated showed a lower but statistically
non-significant odds of an infection both in current
(aOR=0.86, 95%CI=0.57-1.28) and in long-term ex-
smokers (aOR=0.83, 95%CI=0.51-1.37) compared with
never smokers (ESM 7). Our sensitivity analysis with re-
striction to waves 34-35 which included additional adjust-
ment for the vaccination status of the respondents showed
a higher but statistically non-significant odds of an infec-
tion both in current (aOR=1.06, 95 %CI=0.84-1.33) and in
long-term ex-smokers (aOR=1.10, 95%CI=0.81-1.50)

Table 1. Characteristics of the study population by smoking status

compared with never smokers (ESM 8). This led us to per-
form a post-hoc ancillary analysis using all data (waves
28-35) which showed a statistically significant interaction
between wave of the survey (on a metric scale) and smok-
ing status: the risk of an infection increased over time, but
this increase was higher in current smokers compared
with never smokers (aOR=1.10, 95%CI=1.01-1.19:
ESM 9). Subsequent analyses of the effect of time, strati-
fied by smoking status, showed the following increases in
the risk of an infection with increasing wave of the survey:
aOR=1.48 (95%CI=1.39-1.59) in current smokers,
aOR=1.37 (95%CI=1.25-1.50) in long-term ex-smokers,
and aOR=1.36 (95 %CI=1.29-1.43) in never smokers.

Discussion

Our study using representative data from the German
population collected in the period between February 2021
and April 2022 showed no relevant and statistically sig-
nificant differences in self-reported corona infections, co-
rona symptom severity, and corona symptom duration
between current smokers, long-term ex-smokers, and
never smokers.

Characteristic Current smoker Long-term Never smoker
(n=5,242) ex-smoker (n=8,134)
(n=2,731)
Age, years: mean (SD) 47.7 (16.1) 58.1(16.3) 51.5(20.3)
Female sex 46.4(2,420) 43.2(1,175) 58.7 (4,744)
Migration background 15.9(788) 12.9(327) 14.2(1,092)
No. people in household >18 years: mean (SD) 1.8(0.8) 1.8(0.7) 1.8(0.8)
No. people in household <18 years: mean (SD) 0.4(0.8) 0.3(0.7) 0.4 (0.8)
Monthly household income p.p.in €1000: mean (SD) 1.6(0.9) 1.8(0.8) 1.7 (0.9)
Educational attainment  low 33.3(1,712) 29.7 (807) 27.7(2,130)
middle 43.6(2,243) 39.0(1,057) 34.8(2,682)
high 23.1(1,185) 31.1(849) 37.5(2,886)
Rural region of living 39.8(2,078) 34.2(932) 35.1(2,836)
Ever infected with SARS-CoV-2 6.1(317) 4.9 (134) 5.2 (421)
COVID-19 without or with mild symptomst 73.2(230) 70.1(94) 68.1(286)
COVID-19 symptom duration »4.5 monthst 9.2 (23) 13.1(14) 12.7 (40)
SARS-CoV-2 vaccination received¥ 89.2(1,282) 93.3(586) 93.9(1,848)

Notes. Data presented as column percentage (number), unless stated otherwise. TIn people ever infected with SARS-CoV-2 (314 current smokers, 134 long-
term ex-smokers, 420 never smokers, 4 missings). tIn people with at least mild symptoms (250 current smokers, 107 long-term ex-smokers, 315 never smo-
kers, 52 missings). ¥Data on vaccination status only collected in 2 waves of the survey (waves 34-35:1,437 current smokers, 628 long-term ex-smokers, 1,969

never smokers, 75 missings).
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Table 2. Associations between smoking status and corona infection, corona symptom severity, and corona symptom duration, adjusted for potenti-

al confounders

Smoking status Infection Symptom severity Symptom duration
yes vs. no infection high vs. low in months
aOR (95 %Cl) aOR (95 %Cl) ap (95 %Cl)
n=14,730 n=800 n=626
Current 1.02 (0.86-1.20) 0.84(0.59-1.20) -0.09 (-0.45-0.28)
Long-term ex-smoking 1.03(0.83-1.28) 0.88(0.55-1.38) 0.002 (-0.48-0.48)
Never smoking (reference) 1 1 1

Notes. aOR = adjusted odds ratio. ap = adjusted B-coefficient of linear regression model. 95 %Cl = 95 % confidence interval around OR or 8. OR and p adjusted
for: age, sex, migration background, people in household 18+ years, people in household aged <18 years, income, education, region of living, and wave of the

survey.

Only few population-based studies have investigated
the association between smoking status and SARS-CoV-2
infection so far. These studies were conducted in Germany
(Gornyk et al., 2021; Radon et al., 2021; Wagner et al.,
2021), France (Carrat et al., 2021), Russia (Barchuk et al.,
2021), and Switzerland (Richard et al., 2022) in a period
between April 2020 and February 2021. All studies used
SARS-CoV-2 antibodies from blood samples as outcome
measure and consistently reported lower seropositivity in
current smokers compared with never smokers. We used
self-reported SARS-CoV-2 infection detected with a posi-
tive test by healthcare personnel as an outcome measure
and found that smokers were at the same odds of an infec-
tion as never smokers. Such tests are usually rapid antigen
tests aimed at detecting SARS-CoV-2 virus load. Hence, it
may be that smokers are just as likely to acquire a SARS-
CoV-2 infection (measurable with an antigen test) but are
less likely to produce sufficient antibodies after an infec-
tion which then results in a lower seropositivity. This may
be one explanation why studies using antibodies as the
outcome measure reported lower infection rates in smok-
ers. This is supported by the consistent finding from vari-
ous vaccination studies that smokers show lower SARS-
CoV-2 antibody titres compared with non-smokers
(Ferrara et al., 2022; Herzberg et al., 2022; Swartz et al.,
2023; Toda et al., 2022; Tsatsakis et al., 2021; Uysal et al.,
2022; Watanabe et al., 2022; Yamamoto et al., 2022).
However, in a series of planned and unplanned sensitivity
analyses, there was some indication (albeit non-signifi-
cant) that current compared with never smokers had re-
duced odds of infection when restricting the analyses to
the survey waves prior to widespread vaccination - which
is consistent with findings from a recent living review of
>500 observational studies (Simons et al., 2021). In addi-
tion, a significant interaction between survey wave and
smoking status was observed, with the risk of infection in-
creasing over time across all levels of smoking status but
with the increase being more pronounced in current com-
pared with never smokers. This could be interpreted to
suggest that the initially observed negative association be-
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tween current (compared with never) smoking and infec-
tion has attenuated over the course of the pandemic due to
mass infection and/or current smokers being less likely to
produce a sufficient immune response following vaccina-
tion. Furthermore, the pronounced increase in infection
rate in current smokers may be due to a lower vaccination
rate in this very group.

We also did not find a statistical significant association
between smoking status and corona symptom severity.
Two large-scale observational and Mendelian randomisa-
tion studies reported an increased risk of hospitalisation
and COVID-19-related mortality in current smokers com-
pared with never smokers (Clift et al., 2022; Yeung et al.,
2022). Previous studies conducted in hospitalised pa-
tients also found an increased risk of greater COVID-19
severity among current smokers compared with never
smokers (Simons et al., 2021). Our study, however, was
based on a general population sample in which the major-
ity of people with a self-reported infection (70.1% of 893)
reported no or mild symptoms. Only 25 people (2.8 %) re-
ported treatment in a hospital. Hence, our sample size
was probably too low to detect any meaningful differ-
ences. Furthermore, the highest degree of corona symp-
tom severity we were able to measure with our survey was
intensive care treatment in hospital, and this only in those
who recovered in such a way that allows living at home
and responding to an interview survey. If smokers are
more likely to being hospitalised and to die from COV-
ID-19 than never smokers, as the above-mentioned stud-
ies suggest, our analysis of the association between smok-
ing status and corona symptom severity might have been
biased due to selection.

There is very little evidence about the association be-
tween smoking status and corona symptom duration in the
general population. In our sample, 10.6% reported a
symptom duration of 4.5 months or longer, which can be
regarded as indicative of long COVID (Shah et al., 2021).
Longitudinal population studies from the UK and the US
reported prevalence rates for long COVID between 10-
38 % (Whitaker et al., 2022; Wu et al., 2022). The UK study
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found an increased risk of persistent symptoms in current
smokers compared with non-current smokers (Whitaker et
al., 2022). On the contrary, the US study, which also took
pre-infection symptoms and existing health conditions at
baseline into account, did not find an increased risk in cur-
rent smokers (Wu et al., 2022). Hence, current smoking
may not be a risk factor for corona symptom duration, or at
least less important than other risk factors such as obesity
(Whitaker et al., 2022; Wu et al., 2022).

Limitations and Strengths

disease like SARS-CoV-2, which moves through the popu-
lation at varying rates depending on the number of infec-
tions, susceptible individuals and recovered individuals at
each time point, the degree of representativeness of our
survey with respect to SARS-CoV-2 infection dynamics re-
mains unknown. Another strength of the study includes
having followed a well-planned and a priori published
analysis plan including well-founded adjustment for vari-
ous important confounders.

Conclusion and Recommendations

Our study has several limitations. First, our study had a
cross-sectional design which limits the ability to assess
temporal associations between exposures and outcomes.
For example, it is possible that a corona infection with
symptoms affects smoking behaviour, in particular that it
triggers smoking cessation. We tried to limit this risk of
bias by excluding recent ex-smokers (those who stopped
smoking <12 months) from our analyses. Second, our out-
come measures were prone to bias because they relied on
self-report and recall of corona infections that occurred in
the past and corona symptoms, most of which are unspe-
cific, although we have no reason to assume that recall dif-
fers by smoking status. Third, for the measurement of our
outcome corona infection, we asked for a positive test by
healthcare personnel in order to differentiate such a test
from self-tests at home which are more prone to errors in
handling and interpretation. However, there is a chance of
misinterpretation because tests are often performed at test
stations by persons who may or may not be healthcare pro-
fessionals. Also, we did not have any information on the
type of tests used, which would impact sensitivity and
specificity of viral detection. Fourth, our measurement of
exposure was restricted to smoked tobacco and did not in-
clude the use of other nicotine products such as e-ciga-
rettes or heated tobacco products which may also have ad-
verse effects on respiratory health. Finally, some relevant
potential confounding variables were not measured such
as comorbidities, place of work (home working), and key
worker status, and vaccination status was not measured
during the entire observational period. Our sensitivity
analyses with data restricted to waves with information on
vaccination status yielded similar results as our main
analyses, though. Nevertheless, residual confounding may
have occurred. Strengths of our study include the use of a
representative sample of the general population (as indi-
cated by the self-reported infection rates which are com-
parable with official infection rates from the Robert Koch
Institute during most of the study period; see Figure S2);
however, given the dynamic nature of a communicable
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Based on our study findings and in light of previous re-
search we conclude that - in the general German popula-
tion - smokers appear to be just as likely to acquire a coro-
na infection as long-term ex-smokers and never smokers.
The majority of participants experienced mild symptoms
and symptoms that last less than three months. Our find-
ings regarding the association between smoking status
and symptom severity and duration are inconclusive due
to methodological limitations. More longitudinal studies
in representative samples of the population and with ex-
tended measurement of prognostic factors of corona dis-
ease progression are needed to disentangle the complex
relationships with smoking.

Implications

+ Current tobacco smokers appear to be just as likely to
acquire a corona infection as long-term ex-smokers and
never smokers.

+ The finding from previous studies reporting a reduced
risk of corona infection in current smokers based on
SARS-CoV-2 antibodies from blood samples as outcome
measure may have been biased. One explanation could
be that smokers are less likely to produce sufficient anti-
bodies after an infection which then results in a lower
seropositivity.

+ The majority of smokers with a corona infection experi-
ences mild symptoms and symptoms that last less than
three months.
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ESM 1. Responses to the outcome corona symptom dura-
tion in subsample of people with a corona infection and
symptoms of any degree (Table)

ESM 2. Causal diagrams indicating the hypothetical asso-
ciations between exposure, the outcomes and potential
confounding factors (Figures)

ESM 3. Responses to the outcome corona infection in total
sample (Table)

ESM 4. Weighted lifetime prevalence of corona infection
rates at different time points of the DEBRA waves estimat-
ed with DEBRA data compared with official cumulative
corona infection rates from the Robert Koch Institute
(Figure)

ESM 5. Responses to the outcome corona symptom sever-
ity in subsample of people with a corona infection (Table)
ESM 6. Sensitivity analyses of the associations between
smoking status and corona infection and corona symptom
severity, adjusted for potential confounders (Table)

ESM 7. Sensitivity analyses (restriction to waves 28-30 in
which only a minority of the population had been vacci-
nated) of the associations between smoking status and co-
rona infection, corona symptom severity, and corona
symptom duration, adjusted for potential confounders
(Table)

ESM 8. Sensitivity analyses of the associations between
smoking status and corona infection, corona symptom se-
verity, and corona symptom duration, adjusted for poten-
tial confounders (Table)

ESM 9. Post-hoc ancillary sensitivity analysis of the asso-
ciations between smoking status and corona infection, ad-
justed for potential confounders (Table)
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