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The coronavirus disease 2019 (COVID-19) pandemic
caused a health care crisis worldwide.'-3 Identifying clinical
predictors of disease severity and progression is important
for resource allocation. Inhalation of nicotine via smoking is
associated with acute respiratory distress syndrome (ARDS)
adverse outcomes.* Smokers are more likely to develop
severe influenza and have higher mortality rates when
affected by other coronaviruses.>® We recently published a
case series of 73 critically ill mechanically ventilated patients
with COVID-19 and found that less than 2% of these
patients were active smokers,” compared with a 25% rate
of active smokers in the ltalian population.® As of 8 May
2020, a total of 130 patients with COVID-19 were admitted
to our intensive care units (ICUs) (79 with available smoking
status) and we confirmed this low rate of active smokers
(3/79, 3.8%).

We then aimed to determine smoking status for the
first 410 consecutive patients admitted to the hospital but

not to the ICU and obtained smoking status data for 274
patients. Of these, six were active smokers (2.2%).

In addition, we performed an anonymous survey among
San Raffaele Scientific Institute health care workers from 16
April to 21 April 2020 to determine the number of active
smokers. Of the 1964 health care workers who replied to
the survey, 108 were severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)-positive. Active cigarette
smoking was present in 12 (11.1%) among 108 SARS-CoV-
2-positive health care workers and in 327 (17.9%) among
1826 SARS-CoV-2-negative workers.

We reviewed all major studies on COVID-19 published
in the three general medicine journals with the highest
impact factor (The New England Journal of Medicine, The
Lancet, JAMA, and their parent journals). We identified 27
articles (Online Appendix), eight of which reported data
on active smoking prevalence.?-16 Qverall, the prevalence
of active smoking ranged from 0 to 12.6% (Table 1), well

Table 1. Prevalence of active smoking among patients with coronavirus disease 2019 (COVID-19) in major case series
Active
Active smoking
smokers  prevalence
among among 2016 Country
patients patients smoking
Study with with age-adjusted
First sample size  Patients’ age COVID-19 COVID-19 prevalence
author Journal Countries (n) (years) (n) (%) (%)17
B JAMA Netw Open Brazil 48 51+13.9% 4 8.3% 14%
Guan W10 N Engl J Med China 1085 47 (35-58)t 137 12.6% 25.2%
Guo T JAMA Cardiol China 187 58.5+ 14.66* 18 9.6% 25.2%
Huang C12 Lancet China 41 49 (41-58)" 3 7.3% 25.2%
USA, Canada,
Spain, Italy,
Mehra UK, Germany, . o
MR13 N Engl J Med France, Turkey, 8910 49+ 16 491 5.5% na
China, South
Korea, Japan
Shen 14 JAMA China 5 36-73* 0 0% 25.2%
Yang X'° Lancet Respir Med China 52 59.7 £ 13.3* 2 3.8% 25.2%
Zhou F16 Lancet China 191 56 (46-67)" 11 5.8% 25.2%
na = not applicable; UK = United Kingdom; USA = United States of America. * Data presented as mean + standard deviation. T Data presented as
median (interquartile range). ¥ Data presented as range.
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Figure 1. Meta-regression analysis to assess the impact of the prevalence of
smoking in the population on the prevalence of smokers in the studies

percentage of smokers versus non-
smokers was similar between the
general wards and ICU patients.
Second, smokers may have been
infected at the same rate as non-
smokers but died before hospital
admission.  This seems unlikely.
Third, poor collection of medical
history details in an emergency
situation might have contributed to
our findings. This might also apply
to other published studies included
in our systematic review. However,
we have no reason to assume that
missing patients would have a
different rate of smoking versus
non-smoking, and have no reason
to believe inaccurate reporting by

Huang C health care workers.

hou F Others hypothesised a possible
.Yangx role of the nicotinic acetylcholine
1 receptor (nAChR) in the

pathophysiology of COVID-19.
nAChR may act as a co-receptor
for SARS-CoV-2, or might have a

Shen C

0.10% 0.15% 0.20%

Prevalence of smoking in the population (%)

0:25% ) . . :
role in modulating angiotensin-

converting enzyme 2 (ACE2),'8 as
also suggested for air pollution.’®

below the age-adjusted smoking prevalence per country.'”
We performed a meta-analysis of such studies (the
methodology for the meta-analysis is available in the Online
Appendix) and present data on the prevalence of smoking
in hospital and ICU studies of COVID-19 (Online Appendix,
supplementary figure 1) as well as the possible effect of
smoking on mortality (Online Appendix, supplementary
figure 2) with meta-regression for prevalence of smoking
in each country. The meta-regression, within the
limitations of very few data points, shows a pattern of
decreased prevalence of smoking in the study according
to the prevalence of smoking in the population (Figure 1).
Of note, most of the studies were performed in China,
thereby limiting generalisability of the results.

Thus, using a large case series from a Western country,
we found a low rate of current cigarette smoking in patients
who developed COVID-19 requiring ICU or hospitalisation
compared with the general population. We then confirmed
such findings in a survey of health care workers. Finally,
we reconfirmed these findings in a systematic review of
manuscripts published in high quality journals.

There are several possible explanations for our findings.
First, we cannot exclude selection bias. However, the

Indeed, nicotine has been shown to
modulate the activity or expression of ACE2 and receptors
for angiotensin Il in patients with cardiovascular disease,20
and rat models suggest that cigarette smoke decreases the
expression of ACE2 in the lungs.2" A similar mechanism
of antiviral effect through modulation of ACE2 has been
hypothesised for angiotensin 11.22.23

Meta-analyses, however, have suggested that active
smoking might be associated with a worse prognosis of
COVID-19.24.25 This might be related to chronic lung and
vascularinjury induced by smoking, in a disease characterised
by a marked pro-thrombotic state and pro-inflammatory
state.26.27 Accordingly, it is possible that smoking may
confer some protective factors against development of
SARS-CoV-2 infection, but might be associated with worse
disease once acquired. However, smoking is also a risk
factor for social isolation.28 Therefore, it is possible that
people who smoke are simply less exposed to potential
infected contacts.

Nevertheless, despite the above findings and given the
large level of heterogeneity in smoking-related observations,
larger epidemiological studies are needed to confirm these
observations and determine the true association between recent
nicotine exposure, risk of COVID-19 development, and death.
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