
ISSN 1806-3713© 2020 Sociedade Brasileira de Pneumologia e Tisiologia

ABSTRACT
Coronavirus disease 2019 (COVID-19), caused by the highly contagious severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), is probably systemic, has a major 
respiratory component, and is transmitted by person-to-person contact, via airborne 
droplets or aerosols. In the respiratory tract, the virus begins to replicate within cells, 
after which the host starts shedding the virus. The individuals recognized as being at risk 
for an unfavorable COVID-19 outcome are those > 60 years of age, those with chronic 
diseases such as diabetes mellitus, those with hypertension, and those with chronic lung 
diseases, as well as those using chemotherapy, corticosteroids, or biological agents. 
Some studies have suggested that infection with SARS-CoV-2 is associated with other 
risk factors, such as smoking, external environmental pollution, and certain climatic 
conditions. The purpose of this narrative review was to perform a critical assessment of 
the relationship between COVID-19 and these potential risk factors.
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INTRODUCTION

In recent decades, life-threatening viral epidemics 
have emerged in various regions of the world. Serious 
outbreaks of Ebola virus disease, severe acute respiratory 
syndrome coronavirus (SARS-CoV), and Middle Eastern 
respiratory syndrome coronavirus (MERS-CoV), as well 
as outbreaks of influenza, particularly more severe types 
of influenza, such as H1N1.(1)

Because of the severity and worldwide dissemination of 
the current outbreak of the new coronavirus (designated 
SARS-CoV-2) infection, the World Health Organization 
(WHO) has stated that the coronavirus disease 2019 
(COVID-19) has become a pandemic. On April 16, 2020, 
COVID-19 had reached 210 countries and territories, having 
caused over 100,000 deaths and infected approximately 
2 million people, the overall fatality rate being 3.4%. 
Previous case-fatality rates for SARS-CoV and MERS-CoV 
epidemics were 10% and 37%, respectively.(1)

COVID-19, Caused by a highly contagious virus,(2) is 
probably systemic, has a major respiratory component, 
and is transmitted by person-to-person contact, via 
airborne droplets or aerosols. In the respiratory tract, 
the virus begins to replicate within cells, after which the 
host starts shedding the virus.(3,4)

The role of smoking has been little remembered and 
even less discussed in this current public health situation. 
Other factors, such as environmental pollution and 
climatic conditions, also need to be understood better. 
The purpose of this narrative review was to perform an 
assessment of the current knowledge about these risk 
factors and their importance in the COVID-19 pandemic.

SMOKING

Smoking has been associated with unfavorable outcomes 
in COVID-19.(5,6) Smokers, who are more vulnerable to 
respiratory viruses than are nonsmokers, have a greater 
risk of severe influenza infection and more severe clinical 
conditions. Therefore, smokers, when compared with 
nonsmokers, have a higher risk of hospitalization (OR 
= 1.5; 95% CI: 1.3-1.7) and ICU admission (OR = 2.2; 
95% CI: 1.4-3.4) after having influenza infections.(7) In 
addition, during the MERS-CoV outbreak, smokers had 
higher mortality rates than did nonsmokers.(8,9) The use 
of electronic cigarettes and heated tobacco devices have 
also been related to a higher frequency of respiratory 
infections, especially viral ones.(10-15)

The mechanism of this increased susceptibility appears 
to be multifactorial, including structural changes, such as 
increased permeability of the bronchial mucosa, impaired 
mucociliary clearance, greater pathogen adherence, 
rupture of the respiratory epithelium, peribronchial 
inflammation, and fibrosis. There is also a decrease in 
the production of antibodies and defense immune cells.
(10,16) In addition to those mechanisms, the association 
between SARS-CoV-2 and smoking can be facilitated by 
the rituals of smoking, involving repeated hand-to-face 
movements.(17)

Studies on respiratory syncytial virus, which has a 
similar structure to that of SARS-CoV-2, have shown 
that inhaling tobacco smoke increases the rate of viral 
transmission and the severity of infections, confirming 
the association between tobacco smoke and some viral 
infections and possibly explaining the severity of COVID-19 
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in certain groups of individuals. Tobacco use has been 
considered a risk factor for MERS-CoV.(18)

The need for clarification of that association was 
reinforced by the fact that the highest proportion of 
deaths from COVID-19 occurred in males in China. (19) 
These finding might be related to the fact that the 
number of smokers, as well as their smoking history, 
is a lot greater among males than among females in 
that country (288 million vs. 12.6 million in 2018).(20) 
This fact is likely to be at least a cofactor that increases 
the chance of males to develop pulmonary, heart, and 
neoplastic diseases. These data are in line with the 
findings of the WHO-China Joint Mission on Coronavirus 
Disease 2019, which has reported higher case-fatality 
rates in men than in women (4.7% vs. 2.8%).(21-23)

Other studies have also reported a higher prevalence 
of COVID-19 in men. Guan et al.,(24) evaluating 1,099 
critical patients with COVID-19 in 552 hospitals in 30 
provinces in China, found a proportion of 58.1% of 
male patients. In addition, Yang et al.(25) found that 
males accounted for 67% of the patients in their 
sample. Liu et al.(26) identified that tobacco use was 
more frequent in the group of patients with unfavorable 
outcomes when compared with nonsmokers (27.3% 
vs. 3.0%, p = 0.018).However, Zhang et al.,(27) 
evaluating 140 patients with COVID-19 in China, 
found no differences regarding gender. In that same 
publication, the authors reported only 1.4% of male 
patients as current smokers, although the proportion 
of cases with COPD included in the sample was much 
higher. Guan et al.(24) showed a greater number of 
current smokers (12.6%) and former smokers (1.9%) 
in their study. Nevertheless, the authors could point 
out that being a current smoker was significantly 
related to presenting with more severe symptoms. The 
small proportion of smokers in those two studies,(24,27) 
when compared with the high prevalence of smoking 
in China (50.5%),(22) might indicate a smaller chance 
of an association of smoking with the incidence and 
severity of COVID-19.(20)

Two meta-analyses reached contradictory results. 
Lippi et al.(28) identified no association between smoking 
and disease severity. However, Vardavas & Nikitara(29) 
showed that current smoking was associated with a 
risk of developing more severe symptoms 1.4 (95% 
CI: 0.98-2.00) times greater and a risk of needing 
mechanical ventilation 2.4 (95% CI: 1.43-4.04) times 
greater. Mehra et al.(30) studied patients with COVID-
19 admitted to 169 hospitals in Europe (64.6% of 
the sample), Asia (18.2% of the sample), and North 
America (17.2% of the sample). Of those, 2.5% of the 
cases had COPD, and the proportions of former and 
current smokers were 16.8% and 5.5%, respectively. 
The individuals were classified as survivors (n = 
8,395, 22.5% being current or former smokers) and 
nonsurvivors (n = 515, 25.0% being current or former 
smokers). The authors concluded that smoking had 
an OR of 1.79 (95% CI: 1.29-2.47) for in-hospital 
mortality.(30) Additional analyses involving other series 
of cases adjusted for other factors are necessary in 

order to clarify the association between the severity 
of COVID-19 and current smoking.

The possibility of this association has been investigated 
regarding biological aspects. The angiotensin-converting 
enzyme 2 (ACE2) is likely to be related to the severity 
of symptoms and unfavorable outcomes of COVID-19. 
SARS-CoV-2 penetrates human cells by binding to 
the extracellular domain of the ACE2 receptor. (31,32) 
This enzyme acts on the renin-angiotensin system, 
fragmenting the molecule of angiotensin 2, a 
potent inflammatory and vasoconstrictor agent, and 
producing angiotensin-(1-7), which has a significant 
anti-inflammatory action.(33,34) Therefore, anti-ACE2 
antibodies or the blockade of their receptor prevent the 
virus from binding, contributing to a greater severity 
of the disease in the elderly, as well as in those with 
diabetes or hypertension.(35) In those groups of patients, 
there is a clear decrease in the expression of ACE2, 
making it difficult to form degradation products, which 
have anti-inflammatory action, whereas there would 
be greater amounts of ACE2, which is an inflammatory 
agent. These two mechanisms could partially explain 
the greater severity of the clinical course of the 
disease. Younger patients have a higher expression 
of angiotensin-(1-7), which has anti-inflammatory 
action, and tend to present with less severe disease, 
although much more frequently.(35,36)

Smith & Sheltzer(37) found that samples of lung 
tissue collected from smokers had 40-50% more ACE2 
receptors than did those collected from nonsmokers, 
even when the analysis was controlled for age, sex, 
race, and body mass index. Smokers with a history 
of > 80 pack-years showed a 100% increase in ACE2 
receptors when compared with smokers with a history 
of < 20 pack-years. In that same study,(37) the authors 
found that smoking cessation led to decreased levels of 
ACE2 in the lungs, i.e., the increase in the expression 
of ACE2 was shown to be potentially reversible. 
This type of upregulation of ACE2 was also found in 
patients with idiopathic pulmonary fibrosis, but not 
in those with asthma, sarcoidosis, or cystic fibrosis, 
which reinforces the association of smoking with the 
upregulation of ACE2, but this association does not 
occur in other respiratory diseases.(38)

The greater amount of ACE2 receptors in the lungs 
of smokers, possibly induced by nicotine itself, would 
bring more opportunities for the virus to enter the 
cells. This might at least partially explain why those 
individuals are more likely to develop severe forms 
of COVID-19.(39) In addition, since smoking cessation 
is associated with a decreased expression of ACE2, it 
can be speculated that there would also be a reduction 
in susceptibility to severe forms of COVID-19.(40,41)

Literature reviews have shown that smoking 
conventional cigarettes or using electronic cigarettes 
or heated tobacco devices is associated with a greater 
expression (upregulation) of ACE2, and there is also a 
clear dose-dependent relationship in this effect.(23.41.42)
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The low prevalences of smoking and of COPD in 
COVID-19 reports are noteworthy, especially when 
we consider that most studies are from China, where 
the prevalence of smoking is very high; however, 
when such frequencies have been assessed in other 
countries, these prevalences have also been low.(30,42) 
Preliminary data from an American case series show 
that the prevalences of chronic lung disease and of 
current smoking, respectively, are 9.2% and 1.3%.(43)

In contrast to the mechanisms described, another 
hypothesis is beginning to be raised. Tobacco use could 
attenuate the normal response of the immune system, 
through which the body would be more tolerant and 
less reactive to the aggression caused by the virus. 
Nonsmokers would maintain the ability to respond 
immediately to this type of insult through the cytokine 
release syndrome, i.e., immunocompetent individuals 
would more readily respond to the aggression, 
explaining their greater severity and high mortality 
due to COVID-19.(44)

Clinical and epidemiological data mainly from 
Chinese cohorts, but also from other countries, when 
analyzed separately or by means of meta-analyses, 
are controversial regarding the role of smoking as 
a risk factor and as a risk of greater severity of the 
disease. However, experimental and clinical studies 
point to a greater expression of ACE2 in smokers, 
acting as a possible link between smoking and COVID-
19, although such mechanisms are yet to be fully 
understood. Since this association remains unclear, 
the WHO strongly advises smokers to quit smoking to 
minimize the direct and indirect (passive smokers in the 
household) risks. (45) The current COVID-19 pandemic 
is an opportune time to divulge those messages to 
users of any form of tobacco, who are probably very 
concerned about their health.

We can infer that the increase in smoking cessation 
rates might impact on community transmission of SARS-
CoV-2. In previous viral epidemics, there was evidence 
that multifaceted approaches to smoking cessation, by 
means of behavioral and pharmacological interventions, 
could play a significant role in both situations, i.e., 
viral epidemic and smoking.(46) Overtime, smoking 
cessation normalizes part of the architecture of the 
respiratory epithelium, with a decrease in hyperplasia 
and downregulation of ACE2 levels.(47)

Since much remains to be clarified about this 
relationship, cohort and experimental studies from 
other countries are necessary. Nevertheless, considering 
the innumerable damages caused by smoking to 
human health, especially to the respiratory tract, 
smoking cessation during the COVID-19 pandemic 
might contribute to a better evolution of the disease, 
a decreased risk of death, and smaller contamination 
rates.(48.49)

ENVIRONMENTAL POLLUTION

Air pollution is well recognized as a cause of prolonged 
systemic inflammation affecting the innate immune 

system, especially in the respiratory tract. Despite this 
knowledge, few studies have identified air pollution as 
a potential factor for the spread of SARS-CoV-2 and, 
eventually, as a cofactor that influences lethality related 
to the current COVID-19 pandemic.(49-52)

The Italian Society of Environmental Medicine, in 
one of the few notes in the literature, showed that air 
pollution might have played a significant role in the 
spread of the COVID-19 outbreak in northern Italy, 
but they reported no evidence that, by worsening the 
health of individuals, it could also have interfered with 
SARS-CoV-2-related case fatality.(50) That region is 
considered one of the most polluted in Europe according 
to the European Environment Agency.(48)

Therefore, in addition to the already known routes of 
transmission by droplets and aerosols, it is possible that 
the inhalation of particulate matter (PM) has some role in 
the spread of COVID-19, since infectious diseases might 
be related to the inhalation of viral agents adsorbed to 
PM, especially those with a diameter between 2.5 and 
10 μm (coarse PM), < 2.5 μm (fine PM), and ≤ 0.1 
μm (ultrafine PM).(49-51) Ultrafine MP might transport 
coronavirus from tracheobronchial regions to the most 
peripheral areas of the lungs.(52) This mechanism might 
have greater implications in countries and cities with 
high rates of environmental pollution, such as China 
and Milan. Polluting agents with oxidative potential 
might reduce the immune defense against the virus, 
exacerbating the COVID-19 infection.(49)

Animal and human studies have confirmed that the 
inhalation of coarse and fine PM induces systemic 
inflammation by means of increased expressions of 
various agents, such as IL-1, IL-4, IL-6, TNF-α, and 
TGF-β1, which is directly related to longer periods 
of exposure. This phase is called the cytokine-storm 
syndrome.(51,53) These mechanisms might at least 
partially explain the relevant number of COVID-19 
cases, with greater case fatality rates in regions with 
high environmental pollution rates. However, the 
clear plunge in air pollution rates as a result of social 
distancing might have also influenced the decrease 
in the severity of the outbreak in various cities and 
regions.(51)

In the near future, SARS-CoV-2 is likely to become 
a seasonal infectious agent. Therefore, knowledge 
of its frequency, survival conditions in the more 
diverse environments, contamination mechanisms, 
its pathophysiological cascade, and its virulence need 
to be clarified in detail.(54)

CLIMATIC CONDITIONS

Although the relationship between SARS-CoV and 
climatic conditions has already been demonstrated, a 
more severe phase occurring during cold weather,(55,56) 
this variable has yet to be fully studied in relation to 
SARS-CoV-2. However, it is very likely that climatic 
conditions are related to various parameters of 
COVID-19.
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The increase in the incidence of influenza is known to 
be associated with low temperatures, low humidity, and 
greater temperature changes.(57) Those climatic factors 
are also related to a higher frequency of deaths from 
respiratory diseases.(58) Breathing dry air causes damage 
to the respiratory mucosa and reduces the effectiveness 
of mucociliary clearance, making the individual more 
susceptible to viral infections. However, droplets exhaled 
in high humidity environments tend to be heavier and 
float for less time, reducing contamination, and the 
opposite occurs in low humidity environments. Although 
these factors have yet to be studied regarding the 
COVID-19 pandemic, it is very likely that they are also 
valid for the current coronavirus outbreak.(59)

The few studies available relating COVID-19 and 
climate conditions have found an increase in the 
doubling time of COVID-10 cases when there is an 
increase in daily temperature, but no relationship 
was found with an increase in temperature regarding 
mortality rates.(54,60) Wu et al.(61) reported that a 1ºC 
increase in temperature was associated with a 3.08% 
(95% CI: 1.53-4.63%) reduction in new daily cases 
and a 1.19% (95% CI: 0.44-1.95%) reduction in the 
number of deaths. The same authors stated that a 
1% increase in relative air humidity was related to 
a daily decrease in new cases of 0.85% (95% CI: 
0.51-1.19%) and a decrease of new deaths of 0.51% 
(95% CI: 0.34-0.67%).

Ma et al.(62) analyzed 2,299 deaths from COVID-19 
between January 20 and February 29, 2020, in Wuhan, 
China, against meteorological and pollution parameters. 
The authors found an association between the decrease 
in death rates from COVID-19 and the increase in 
humidity. Inhaling dry air causes epithelial damage and 
reduced mucociliary clearance, making the individual 
more susceptible to viral respiratory infections. These 
findings are in accordance with previous publications 
relating the increase in deaths from respiratory diseases 
to the decrease in temperature,(63) particularly when 
there is very intense cold and low humidity.(64)

Other factors that might influence the assessments of 
any outbreak should be considered, such as government 

interventions, availability of human resources and 
materials to treat the population, availability of hospital 
beds, among others. The outbreak of influenza in Japan, 
concurrently with COVID-19, has been less intense 
than in previous years. This might have occurred due 
to the lesser virulence of the agent, but also due to 
SARS-CoV-2-related restrictive measures, especially 
those of social distancing, such as closing schools and 
prohibiting large events and agglomerations. The search 
for medical care related to influenza might have also been 
altered by the severity of the COVID-19 epidemic.(65)

FINAL CONSIDERATIONS

Pandemics pose major challenges for individuals and 
health care systems. Those that are more prepared or 
consider such difficult times as windows of opportunity 
to prepare for future outbreaks will have better results. 
Different types of measures have a marked influence 
on the spread of the virus and the resulting diseases.

This article reviews the influence of smoking, 
environmental pollution, and climatic conditions on the 
incidence and severity of COVID-19. As for environmental 
pollution and climate, it is urgent that the global outcry 
result in objective actions from various government 
bodies and society so that everyone can do their part. 
As for smoking, we are facing the opportunity and 
challenge to stop tobacco use in order to reduce the risk 
of acquiring or having more severe forms of COVID-19 
and of other diseases. Even though the relationship 
between smoking and COVID-19 needs to be further 
clarified, there is no doubt that among the major risk 
factors for presenting with severe forms of the disease 
are smoking itself and smoking-related diseases.
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