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Background: Several papers have shown contradictory evidence about the relationship
between smoking and COVID-19-related deaths. There is little evidence about smoking
and risk of infection. We aim to examine association between smoking and COVID-19
infection and subsequent mortality.

Methods: This was a prospective study with participants from the UK Biobank cohort.
Participants who lived in England were followed up from 01/02/2020 to 28/06/2020 with
data linked to hospital episode statistics, Office for National Statistics and Public Health
England PCR tests. We compared current-smokers, previous-smokers with never-smokers
and estimated risk ratio (RR) of COVID-19 infection and subsequent mortality using Poisson
regression adjusting for age, sex, ethnicity, body mass index and socio-economic status.
Interactions between smoking status and age and sex were tested for using multiplicative
interactions, and analyses were stratified by median age (49—68 years, 69-86 years) and sex.
Results: In total, 402,978 participants were included in the analyses. The majority were
never smokers, 226,294 (56.2%), 140,090 (34.8%) were previous smokers, and 39,974
(9.9%) current smokers. COVID-19 infection was identified in 1591 (0.39%) people, and
372/1591 (23.4%) died. Amongst the younger participants, smokers were nearly twice as
likely to become infected with COVID-19 than never smokers (RR 1.88 [1.49-2.38])
whereas there was no difference for those aged 69+ (RR 1.05 [0.82—1.34]). In contrast,
amongst the older participants, smokers were twice as likely to die from COVID-19
compared to non-smokers (RR 2.15 [1.11-4.16]) whereas there was no difference for those
under the age of 69 (RR 1.22[0.83—-1.79]). Similar patterns were observed for previous
smokers. The impact of smoking was similar in men and women.

Conclusion: The association between smoking and COVID-19 infection and subsequent
death is modified by age. Smokers and previous smokers aged under 69 were at higher risk
of COVID-19 infection, suggesting the risk is associated with increased exposure to SARS-
COV-2 virus. Once infected, older smokers were twice as likely to die from COVID-19 than
never smokers, possibly mediated by increased risk of chronic conditions/illnesses.
Keywords: smoking, COVID-19, UK Biobank

Introduction

There has been some debate as to whether smoking increases the risk of SARS-
CoV-2 infection and subsequent disease (COVID-19) and related mortality.
Available evidence regarding the impact of smoking on disease progression and
death amongst COVID-19 patients is conflicting. A large study based on electronic
health records from the United Kingdom identified a counter-intuitive lower risk of
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COVID-19 mortality amongst smokers than ex-smokers.'
A smaller French study also suggests there were fewer
smokers among COVID-19 patients than the general
French population.” These findings are in contrast with
two systematic reviews of 19 and 47 studies of COVID-19
patients which came to the conclusion that there is
a significant association between smoking and progression
of COVID-19 amongst infected patients.** Further studies
of a cohort of 2.4 million app users have also shown how
smoking increases risk of hospitalization, and severity.’
This highlights that the study of the association between
smoking and COVID-19 morbidity and mortality is com-
plex and requires further investigation.®

There are currently several pressing issues related to
smoking and COVID-19 that need to be resolved. First,
there is a need to disentangle the risks of smoking and
COVID-19 morbidity and mortality. Smokers may be
more or less likely to become infected than never smokers
or previous smokers. Once infected the chance of survival
may also differ between smokers, never smokers and pre-
vious smokers. Also, we do not know whether the impact
of smoking differs in men and women or in younger
versus elderly people.

In this study, we used data from the UK biobank cohort
which is one of the largest study samples including reliable
information on smoking status, COVID-19 infection, and
mortality in the Spring of 2020. Our aim was to examine
the association between smoking and COVID-19 infec-
tion, and the association between smoking and COVID-
19 mortality among those infected.

Materials and Methods

Data Sources

We used data from the UK Biobank study and include all
England participants who were alive on 1 February 2020
and had given permission to use their data by
7 February 2020. UK Biobank includes data from all
four countries, Wales, Scotland, England, and Northern
Ireland, but COVID-19 test data were only available for
England. We used information on participants which were
collected via questionnaires, physical measurements and
interviews in baseline assessments (2006—10).”*

Study Population and Follow-Up

Of the 502,655 UK Biobank participants, 408,724
(81.31%) were eligible for inclusion in the study.
However, 5746 (1.40%) participants were excluded due

to missing information on body mass index, smoking or
ethnicity and 402,978 were included in the regression
analyses. The population selection process is shown in
Figure 1.

Participants were followed-up until death or the end of
the study (28/06/2020). The analysis of COVID-19 mor-
bidity was based on the full cohort. The analysis of mor-
tality was based on the cohort of people who had
confirmed or suspected COVID-19 infection (n=1591).

Study Outcomes

This study included two separate outcomes: 1) COVID-19
infection, 2) death with COVID-19. COVID-19 infection
was defined based on a SARS-CoV-2 positive PCR test or
having COVID codes on death registry. PCR test informa-
tion was retrieved from UK Biobank linkage to Public
Health England COVID-19 test data.” We obtained data
on who was tested and test results. Patients were consid-
ered positive if one or more of the tests performed were
positive for SARS-CoV-2. Death data was provided to UK
Biobank by NHS Digital from linkage with NHS Central
Register (NHSCR). Patients were considered to have died
with COVID-19 if they died after a positive test or had
a codified COVID cause of death.

Exposures and Measurements

The main exposure variable was smoking status. This
information was collected during the UK Biobank
recruitment visits (2006-2010). Smoking status is based
on two questions: “Do you smoke tobacco now?” and
“In the past, how often have you smoked tobacco?”.
These questions were recoded into a single variable
with the following categories: Current, previous, never
and prefer not to answer. Sex and year of birth were
acquired from the National Health Service Central
Register (NHSCR) at recruitment. Information on ethni-
city was classified using Office of National Statistics
into Black/Black British, White,
groups. Socioeconomic status was based on the index

groups and other
of multiple deprivation (IMD) and derived from the
place of residency. IMD England 2010 index, rank, and
deciles were used to stratify participants into IMD
quintiles.

We identified data from linked Hospital Episodes
Statistics (HES) on a number of chronic illnesses and
other conditions which have previously been considered
to be associated with COVID-19 morbidity and mortality,
hypertensive disease, diabetes mellitus, ischemic heart
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Figure | Selection process of eligible participants in UK.

diseases, other forms of heart disease including heart fail-
ure, chronic lower respiratory diseases (COPD or asthma),
and renal failure (see Supplemental Table 1).

Permission to Use of the Data

This research was conducted using the UK Biobank
Resource under Application Number 46,228. Although
the original application was unrelated to COVID-19
work, an exception was made to allow these linked data
to be used for COVID-19 research without further applica-
tions, to maximize the speed of the proposed study.

Statistical Analysis
We calculated the proportion of never smokers, previous
smokers and current smokers for each category of baseline
characteristics for the full cohort and for the cohort who
became infected with COVID-19. Patients with missing
data or a “Prefer not to Answer” response were subse-
quently excluded in the regression analyses.

We fitted multivariable Poisson models. The first model
to estimate the incidence risk ratios (IRR) of COVID-19
infection according to smoking status and the second to

estimate the IRR of death amongst those infected. We pro-
duced non-adjusted models as well as models adjusting for
confounding including sex, age, deprivation, ethnicity, body
mass index (BMI) and all of them. To assess the modifica-
tion effect of age and sex on the association between smok-
we added
multiplicative interaction terms to the unadjusted models.

ing exposure and COVID-19 outcomes,

We stratified the models by age (below and above the med-
ian age 69) and sex where the likelihood ratio test comparing
the model with and without the multiplicative interaction
terms was statistically significant (2-sided P <.05).

In these analyses, we contrasted: 1) current smokers
against never smokers and 2) previous smokers against
never smokers. Thus, we used the analyses of previous
smokers as a “negative control” analysis. This allowed us
to evaluate whether smoking per se increases the risk of
COVID-19 infection and subsequent mortality or other
factors may be “at play”.

We considered whether to include chronic illnesses/
conditions in our regression analyses, but decided against
it as many of these are likely to be on the causal pathway
between smoking and the outcome rather than actual
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confounding the associations between smoking and
COVID-19 infection and COVID-19 mortality.

Finally, we conducted a sensitivity analysis with only
those who tested positive. The results of this analysis are
reported in Supplemental Table 2.

Data management was performed in Python 3.7.6. All
analyses were performed in STATA version 15.1.

Results

In the full cohort (COVID-19 naive cohort), 224,451
(55.7%), 139,056 (34.5%), and 39,471 (9.8%) reported
that they were never smoking, previous smoking and cur-
rent smoking, respectively (Table 1). The proportion of
current smokers declined with age. It was highest among
the 4954 years old (14.5%) and lowest among the 80-86
years old (5.4%) (Table 1). Among the men 11.6% were
current smokers while 8.4% of the women were current
smokers. In general, many chronic illnesses/conditions
were higher among current and previous smokers than
never smokers. For example, of those infected with
COVID-19 - a 1/3 of the smokers had hypertensive dis-
eases while Y of the never smokers had hypertensive
diseases (Table 1).

During the study period, 1591/402,978 (0.39%) tested
positive for COVID-19 or had a death certificate with
a COVID-19 cause. Table 2 shows the incidence risk ratios
(IRR) for COVID-19 infection and related mortality
according to smoking status. In total, 192 (0.49%) current
smokers, 628 (0.45%) previous smokers and 771 (0.34%)
never smokers were infected with COVID-19. Current
smoking was associated with greater risk of COVID-19
infection compared to never smoking across unadjusted
[IRR: 1.42 (95% CI, 1.21-1.66)], age-sex adjusted [IRR:
1.38 (1.18-1.1.62)] and socio-demographics adjusted
[IRR: 1.27 (1.08-1.50)] models. Previous smoking was
similarly associated with an increased risk of COVID-19
infection (Table 2).

TCRM_A 310463There was an interaction effect of
sex (P < 0.001) and age (P < 0.001) with smoking status
on the risk of COVID-19 infection. Smokers under the age
of 69 years were nearly twice as likely to become infected
with COVID-19 than never smokers [adjusted IRR 1.88
(1.49-2.38)] whereas there was no differential risk asso-
ciated with smoking for participants aged 69+ [age-sex
adjusted IRR. 1.05 (0.82—1.34)]. Similar patterns were
observed for previous smokers (Figure 2). Among pre-
vious smokers, the risk of COVID-19 infection was higher

among men than women (Figure 2), but there was no sex
difference for current smokers.

In the 1591 individuals who tested positive for
COVID-19 or had a death certificate with a COVID-19
cause, the proportion of smokers was slightly different
from the COVID-19 naive cohort, 771 (48.5%), 628
(39.5%) and 192 (12%) reported that they were never,
previous smoking or current smoking, respectively (Table
1). The smoking pattern also presented a reverse “U”
shape with age, with fewer individuals smoking in the
youngest and oldest group (Table 1). In total 372/1591
(23.4%) of the individuals who were infected with
COVID-19 died subsequently. This amounted to 56
(29%) of the current smokers, 175 (27.9%) of previous
smokers and 141 (18%) never smokers. Current smoking
was associated with greater risk of death compared to
never smoking across unadjusted [IRR 1.59 (1.17-2.17)],
age-sex adjusted [IRR 1.46 (1.07-2.00)] and socio-
demographics adjusted [IRR 1.49 (1.09-2.05)] models
(Table 2).

Interaction effect of age (P = 0.031) was also detected
for COVID-19 death. Older smokers aged 69 and above
were more than twice as likely to die from COVID-19
compared to non-smokers [age-sex adjusted IRR 2.15 (1.-
11-4.16)]] while the association was less pronounced in
those younger than 69 years old [age-sex adjusted IRR
1.22 (0.83—1.79)]. Similar patterns were observed for pre-
vious smokers (Figure 2).

A sensitivity analysis of mortality restricted to those
with confirmed (test+) COVID obtained similar results for
outcomes of COVID-19 infection and related death
(Supplementary Table 2).

Discussion

To our knowledge, this is the first study to date investigat-
ing the association between smoking and risk of COVID-
19 infection. We found that both current and previous
smoking were associated with increased risk of COVID-
19 infection in those aged below 69 whereas there was no
difference between current smokers, previous smokers and
never smokers for those aged 69 and above. In contrast,
the COVID-19 mortality of smokers aged 69+ were twice
as high compared to non-smokers (IRR 2.15 [1.11-4.16])
while there was little or no difference between current
smokers and never smokers under the age of 69 (IRR
1.22 [0.83—1.79]). The patterns were similar for previous

smokers.
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Table | Baseline Characteristics in COVID-19 Naive and Infection Cohorts Stratified by Smoking Status

COVID-19 Naive Cohort COVID-19 Infection Cohort®
Total Never Previous Current Total Never Previous Current
Smoking Smoking Smoking Smoking Smoking Smoking
N 402,978 224,451 139,056 39,471 1591 771 628 192
Socio-demographics
Age
49-54 24,674 (100.0) 14,978 (60.7) 6111 (24.8) 3585 (14.5) 121 (100.0) 77 (63.6) 32 (26.4) 12 (9.9)
55-59 52,153 (100.0) 32,310 (62.0) 12,803 (24.5) 7040 (13.5) 266 (100.0) 158 (59.4) 73 (27.4) 35(13.2)
60-64 59,535 (100.0) 36,085 (60.6) 16,319 (27.4) 7131 (12.0) 193 (100.0) 110 (57.0) 59 (30.6) 24 (12.4)
65-69 68,395 (100.0) 38,599 (56.4) 22,794 (33.3) 7002 (10.2) 182 (100.0) 91 (50.0) 65 (35.7) 26 (14.3)
70-74 94,777 (100.0) 50,476 (53.3) 36,462 (38.5) 7839 (8.3) 262 (100.0) 107 (40.8) 111 (42.4) 44 (16.8)
75-79 79,756 (100.0) 39,646 (49.7) 34,514 (433) 5596 (7.0) 398 (100.0) 150 (37.7) 208 (52.3) 40 (l0.1)
80-86 23,688 (100.0) 12,357 (52.2) 10,053 (42.4) 1278 (5.4) 166 (100.0) 75 (45.2) 80 (48.2) 11 (6.6)
Sex
Female 222,790 (100.0) | 134,105 (60.2) 70,053 (31.4) 18,632 (8.4) 756 (100.0) 439 (58.1) 231 (30.6) 86 (11.4)
Male 180,188 (100.0) 90,346 (50.1) 69,003 (38.3) 20,839 (11.6) 832 (100.0) 329 (39.5) 397 (47.7) 106 (12.7)
Ethnicity
White 379,697 (100.0) | 208,186 (54.8) 134,724 (35.5) 36,787 (9.7) 1387 (100.0) 634 (45.7) 587 (42.3) 166 (12.0)
Mixed 2505 (100.0) 1229 (49.1) 824 (32.9) 452 (18.0) 12 (100.0) 4 (33.3) 7 (58.3) 1 (8.3)
Asian or Asian British 8492 (100.0) 6585 (77.5) 1109 (13.1) 798 (9.4) 68 (100.0) 48 (70.6) 10 (14.7) 10 (14.7)
Black or Black British 7108 (100.0) 5045 (71.0) 1233 (17.3) 830 (11.7) 86 (100.0) 62 (72.1) 14 (16.3) 10 (11.6)
Chinese 1311 (100.0) 1045 (79.7) 170 (13.0) 96 (7.3) 7 (100.0) 5(71.4) 2 (28.6) 0 (0.0
Other ethnic group 3865 (100.0) 2361 (61.1) 996 (25.8) 508 (13.1) 28 (100.0) 15 (53.6) 8 (28.6) 5(17.9)
IMD quintiles
| [least deprived] 120,042 (100.0) 72,141 (60.1) 40,530 (33.8) 7371 (6.1) 338 (100.0) 173 (51.2) 132 (39.1) 33 (9.8)
2 96,479 (100.0) 55,439 (57.5) 33,559 (34.8) 7481 (7.8) 294 (100.0) 151 (51.4) 115 (39.1) 28 (9.5)
3 72,196 (100.0) 39,995 (55.4) 25,257 (35.0) 6944 (9.6) 285 (100.0) 132 (46.3) 118 (41.4) 35 (12.3)
4 62,865 (100.0) 32,502 (51.7) 22,215 (35.3) 8148 (13.0) 313 (100.0) 145 (46.3) 129 (41.2) 39 (12.5)
5 [most deprived] 51,396 (100.0) 24,374 (47.4) 17,495 (34.0) 9527 (18.5) 358 (100.0) 167 (46.6) 134 (37.4) 57 (15.9)
BMI 274 (47) 27.1 (4.8) 27.8 (4.7) 27.0 (4.7) 28.8 (5.4) 285 (5.4) 29.5 (5.3) 28.0 (5.5)
Medical conditions
Hypertensive diseases 101,644 (25.2) 50,863 (22.7) 41,054 (29.5) 9727 (24.6) 459 (28.9) 193 (25.1) 200 (31.8) 66 (34.4)
Diabetes mellitus 26,578 (6.6) 12,514 (5.6) 10,946 (7.9) 3118 (7.9) 179 (11.3) 81 (10.5) 71 (11.3) 27 (14.1)
Ischemic heart diseases 35,155 (8.7) 15,681 (7.0) 15,424 (11.1) 4050 (10.3) 182 (11.5) 69 (9.0) 87 (13.9) 26 (13.5)
Other heart disease 38,993 (9.7) 18,788 (8.4) 16,403 (11.8) 3802 (9.6) 240 (15.1) 102 (13.3) 112 (17.8) 26 (13.5)
Chronic respiratory diseases 42,581 (10.6) 20,074 (8.9) 16,391 (11.8) 6116 (15.5) 187 (11.8) 82 (10.7) 74 (11.8) 31 (l6.1)
Renal failure 15,617 (3.9) 7362 (3.3) 6472 (4.7) 1783 (4.5) 165 (10.4) 71 (9.2) 70 (11.1) 24 (12.5)

Note: *SARS-CoV-2 tested positive or COVID-19 hospitalization.
Abbreviations: BMI, body mass index; IMD, the index of multiple deprivation.

Interpretation and Comparison with

Previous Studies

It is well established that smoking can cause a plethora of
respiratory diseases including lung cancer,'® asthma,'!
pneumothorax,'”> and chronic obstructive pulmonary
disease.'® There are also some evidence to suggest smok-
ing may contribute to a decline in immunity against infec-
tions, although it plays dual roles in both innate and

adaptive immune response.'® Li et al found that smoking

is associated with a low number and impaired function of
regulatory B cells among patients with Helicobacter pylori
(H. pylori) infection.'®> Also, evidence from an experimen-
tal animal model has demonstrated that smoke exposure
could reduce effector and memory T cells in mice infected
Most
Alraddadi et al analysed 535 patients with laboratory-

with  Mycobacterium  tuberculosis.'® recently,
confirmed Middle East respiratory syndrome coronavirus

(MERS-CoV) infection and identified smoking as an
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Table 2 Associations of Smoking Status with Covid-19 Infection and Subsequent Death
Model Covariates Adjustment Never Covid-19 Infection Never Covid-19 Death ®
[Ref] [Ref]
Current Previous Current Previous
Model | | None [ 142 [1.21,1.66] | 131 [1.18,1.46] | | 1.59 [1.17,2.17] | 1.52 [1.22,1.90]
Model | + Age | 1.43[1.22,1.67] | 1.30 [1.17,1.45] | | 1.50 [1.10,2.05] | .16 [0.93,1.45]
Model | + Sex | 1.37 [1.17,1.60] | 1.28 [1.15,1.42] | | 1.52 [1.11,2.07] | 1.41 [1.12,1.76]
Model | + Ethnicity | 1.43 [1.22,1.68] | 1.40 [1.26,1.56] | | 1.60 [1.17,2.18] | 1.51 [1.21,1.89]
Model | + IMD | 1.21 [1.03,1.42] | 1.28 [1.15,1.42] | | 1.59 [1.17,2.17] | 1.53 [1.22,1.91]
Model | + BMI | 1.42 [1.22,1.67] | 1.27 [1.14,1.41] | | 1.61 [1.18,2.20] | 1.50 [1.20,1.87]
Model | + Age + Sex | 1.38 [1.18,1.62] | 1.27 [1.14,1.41] | | 1.46 [1.07,2.00] | 1.10 [0.88,1.39]
Model | + Age + Sex + | 1.40 [1.19,1.64] | 1.34[1.20,1.49] | | 1.46 [1.07,2.00] | 1.13 [0.90,1.42]
Ethnicity
Model | + Age + Sex + IMD | | 1.19 [1.01,1.40] | 1.23 [1.10,1.37] | | 1.44 [1.06,1.98] | 1.11 [0.88,1.40]
Model | + Age + Sex + BMI | | 1.39 [1.18,1.63] | .22 [I.10,1.36] | | 1.49 [1.09,2.03] | 1.08 [0.86,1.36]
Model 2 | Model | + all socio- | 1.27 [1.08,1.50] | 1.26 [1.13,1.40] | | 1.49 [1.09,2.05] | I.11 [0.88,1.40]
demographics

Notes: *SARS-CoV-2 tested positive or with COVID-19 death cause. "Death among participants with SARS-CoV-2 tested positive or with COVID-19 death cause. The
statistical analysis was based on complete cases. Ethnicity was adjusted with four categories (white, Asian or Asian British, black or black British, others).
Abbreviations: IMD, the index of multiple deprivation; COPD, chronic obstructive pulmonary disease.

independent risk factor associated with MERS-CoV
illness.'” Smoking could also lead to a prolonged viral
RNA shedding of SARS-CoV-2, as it happens with other
respiratory infections.'® It also seems to promote the
expression of genes, such as ACE 2 and TMPRSS2, that
facilitate epithelial entry of SARS-CoV-2."

Social determinants of health and deprivation, often
related with smoking, have a big impact on respiratory
disease and confound this association. In tuberculosis, for
example, socioeconomic factors are associated with ther-
apy failure and drug resistance, and lead to worse out-
comes overall >*?!

Our overall findings suggest that there was an associa-
tion between current smoking and COVID-19 infection.
Yet, our stratified analyses suggest that the relationship
between smoking and COVID-19 infection is complex.
We only found an association between smoking and
COVID-19 infection in those aged under 69 and similarly
for previous smokers, but not for those aged 69 and above.
It, therefore, seems plausible that the increased risk of
COVID-19 infection in current and previous smokers
was associated with increased risk of exposure to SARS-

CoV-2 virus eg via increased occupational exposure rather
than increased susceptibility to the virus among smokers.

Previous evidence on the impact of smoking on disecase
progression and death amongst COVID-19 patients is mixed
and based on studies from many different settings.'~**

We found that current smoking was associated with
a substantial risk of COVID-19 death in those aged 69
years and above (IRR 2.15 1.11 to 4.16). Yet, the risk of
COVID-19 death was not much higher in current smokers
than never smokers under 69 years (IRR 1.22 0.83 to
1.79). Similar patterns with age were observed for pre-
vious smokers. This suggests that the association between
smoking and COVID-19 death may be multifaceted. The
adverse impact of smoking on COVID-19 death may be
due to a direct weakening of the immune system.
However, the elevated risk of dying from COVID-19
among older current smokers and previous smokers, but
not among those aged below 69 suggest other factors may
be at play. For example, we observed that the prevalence
of chronic illnesses/conditions such as diabetes, ischemic
heart diseases, renal failure, and chronic lower respiratory
diseases (COPD and asthma) was higher among current
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No. of ) A
Subgroups participants Relative risk
(%) [95% CI]

COVID-19 infection

Relative risk
[95% CI]

Sex Current vs Never Previous vs Never
1.40 [1.10,1.79] 1.05[0.89,1.24] g
222800 (55.29 —
Female (65.29) 1.33[1.04,1.71] - 1.080.91,1.28] ™
1.44[1.14,1.82] 1.49[1.27,1.74] .
180197 (44.71 .
Male @470 430 (1.03,1.65] - 145[1.23,1.70] -
Age
1.88 [1.49,2.38] 1.46 [1.26,1.70]
212656 (52.76 . -
<69 (62.76) 1.71[1.35,2.17] — 1.42 [1.22,1.66]
1.05 [0.82,1.34] 1.09 [0.92,1.30]
= 190341 (47.23 — -
>=69 (“7.23) 0.99[0.77,1.26] — & 1.14[0.95,1.36]
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Figure 2 Relative risks of COVID-19 infection and subsequent death by sex and age.

smokers and previous smokers than never smokers. Thus,
it is likely that current smoking and previous smoking
impact the risk of COVID-19 death indirectly via these
chronic illnesses/conditions.

Strengths and Limitations of the
Study

Unlike most of the published studies that retrospectively
reviewed smoking history amongst hospitalized patients
with COVID-19, this is the first population-based study
which prospectively examined association between smoking
status and risk of being infected by SARS-CoV-2. Despite
not fully representative of the whole UK population, partici-
pants from UK Biobank are much less prone to significant
sampling bias inevitable in hospital-based studies and
enables our findings more generalizable to other settings.
Our study has some limitations. First, the identifica-
tion of COVID-19 infection might be underestimated by

Relative risk Relative risk

B Age-sex adjusted
B Fully adjusted

using the laboratory-confirmed cases as suggested by the
most recent Office for National Statistics.”> However,
such underestimation is likely to be non-differential
between exposure groups and would bias the genuine
association towards the null. Second, the smoking infor-
mation was collected at baseline between 2006 and 2010
and may have changed by 2020 when participants
entered this study. However, it is unlikely that people
will start smoking after 40 years old, and therefore mis-
classification exposure would limit within current and
previous smoking groups, such as switching between
current smokers and previous smokers. Third, this study
was conducted among participants aged 49 years or
older. Thus, these findings may not be generalizable to
younger people whose immune response may modify the
effect of smoking on COVID-19 outcomes, especially
given that a noticeable interaction effect of age has
been detected.
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Clinical Implications

We found that the risk of COVID-19 infection was ele-
vated for both current and previous smokers under the age
of 69, but not for those 69 and above. The clinical impli-
cation of these findings is that change in smoking habits is
unlikely to have major impact on the risk of COVID-19
infection.

Factors such as age, male sex, obesity and chronic
conditions/illnesses have been identified as independent
risk factors for severe COVID-19 infection and death,'?
enabling the health professionals more effectively and pre-
cisely locate limited medical resources for the treatment of
COVID-19. Our study suggests that current and past smok-
ing history should also be taken into consideration when
assessing the risk of COVID-19 death in those aged 69 and
above. Although smoking on its own may have a limited
direct impact on the risk of COVID-19 death both smoking
and previous smoking appears be indirect indicators of the
elevated risk of dying from COVID-19 via their associa-
tions with chronic conditions/illnesses.

Conclusion

The association between smoking and COVID-19 infec-
tion and subsequent death is modified by age. Smokers and
previous smokers aged under 69 were at higher risk of
COVID-19 infection, suggesting the risk is associated with
increased exposure to SARS-COV-2 virus. Once infected,
older smokers were twice as likely to die from COVID-19
than never smokers, possibly mediated by increased risk of
chronic conditions/illnesses.
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