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Abstract

The purpose of this study was to analyze the association between the number of cigarettes smoked and the length of smoking with mor-
tality among patients who were hospitalized in the intensive care unit (ICU) due to SARS-CoV-2 infection. This retrospective cohort
study was conducted at the General Hospital in Sombor (Serbia). Patients who were hospitalized because of severe SARS-CoV-2 infec-
tion between March 2021 and March 2023 were included in this study. Data were retrieved from electronic medical records, including
those on smoking status, duration of smoking, and the number of cigarettes smoked per day. Of 307 patients whose medical records were
analyzed, 40.7% were current smokers. Current smokers more often required treatment in the ICU, where they also had a higher mortality
rate compared to current non-smokers. Longer duration of smoking was independently associated with dying of SARS-CoV-2 infection
in the ICU. The Kaplan-Meier survival curve showed that hospitalized patients with SARS-CoV-2 infection who smoked had poorer sur-
vival compared to current non-smokers. According to the receiver operating characteristic curve, patients who smoked for more than 40
years had a 73.9% chance of dying from SARS-CoV-2 infection. Current smokers who smoked 22.5 cigarettes per day had a 75.4%
chance of dying from SARS-CoV-2 infection in the ICU. Smokers with severe SARS-CoV-2 infection had a higher likelihood of having
poor outcomes. Longer duration of smoking was an independent predictor of SARS-CoV-2 mortality. Smoking prevention and smoking
cessation are of paramount importance in the prevention of SARS-CoV-2-related mortality.
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2 infection. In a similar vein, analysis of multiple covariates enables
the identification of other relevant clinical factors of SARS-CoV-2
mortality, which could be useful in the prediction of trajectory of
other respiratory infections.

The purpose of this study was to analyze the association of
quantity of cigarettes smoked and length of smoking with mortality
among patients who were hospitalized in the intensive care unit due
to SARS-CoV-2 infection.

Introduction

Chemicals in tobacco smoke can severely damage alveolar
epithelial cells as well as vascular endothelium of lungs [1-5]. Some
studies suggested that, compared to the general population, few
smokers develop a typical clinical presentation of SARS-CoV-2
infection [5,6]. In fact, a large population-based study from the UK
found that smoking may decrease the risk of SARS-CoV-2-related
mortality [7]. However, other systematic reviews reported that
smoking may be associated with poorer outcomes of SARS-CoV-2
infection [8,9]. Despite the large population samples, previous stud-
ies did not account for a wider spectrum of covariates or the length
of smoking.

In efforts to better understand the association between quantity

Materials and Methods
Setting and participants

This research is designed as a retrospective cohort study. It was

and length of smoking with SARS-CoV-2-related mortality, the use
of patients’ medical records provides an opportunity to analyze mul-
tiple covariates. In this way it is possible to obtain a more nuanced
association between tobacco use and poor outcomes of SARS-CoV-
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conducted at the general hospital in Sombor, West Backa district,
Serbia. Patients admitted between 1 March 2021 and 1 March 2023
were included. The inclusion criteria were: having confirmed
SARS-CoV-2 infection using the reverse transcription polymerase
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chain reaction or antigen testing, being adult (>18 years) and having
severe SARS-CoV-2 infection during their hospital stay [i.e., they
were admitted to the intensive care unit (ICU)].

The SARS-CoV-2 infection severity assessment was based on
the current protocol for treatment of COVID-19 in Serbia: the infec-
tion is classified into 4 forms, with the first indicating the mildest
and the last indicating the most severe form [10]. Severe illness
refers to having any of the following: oxygen saturation <94% at
room temperature at sea level; a ratio of partial arterial pressure of
oxygen and fraction of inspired oxygen <300 mm Hg; a respiratory
rate exceeding 30/min, or lung infiltrates on chest imaging >50%.

All patients in this retrospective cohort study presented severe
clinical picture of COVID-19. Despite the treatment of confirmed
SARS-CoV-2 positive people since March 2020 in Serbia, hospital
records had complete data on smoking for patients hospitalized
from March 2021.

An online calculator was used to define sample size
(https://www.calculator.net/). The sample size calculation was
based on the population size of the West Backa district (approxi-
mately 180,000 people), an estimated percentage of 9% of people
with SARS-CoV-2 infection who require hospital treatment [11], a
confidence interval of 95%, and a 5% probability of a-error. An -
error of 0.05 indicates that one is willing to accept a 5% chance of
being wrong when rejecting the hypothesis that there is no associ-
ation between smoking and poorer outcomes of SARS-CoV-2
infection. Using these parameters, the minimum sample size was
126 participants.

The Ethics Committee of the general hospital of Sombor
approved this retrospective study. The standard hospital admission
procedure includes patients signing a consent form for all diagnostic
and therapeutic procedures. On this occasion, the consent form also
included the consent analyze patients’ medical records for research
purposes.

Data collection

All data were obtained from electronic medical records. We
retrieved demographic information and presence of pre-existing
chronic illnesses [hypertension, diabetes mellitus types 1 and 2, obe-
sity, respiratory diseases (i.e., having pre-existing chronic obstruc-
tive pulmonary disease-COPD, asthma, or pulmonary fibrosis),
renal diseases, and malignant tumors] as well as clinical data: initial
SARS-CoV-2 infection symptoms (fever, cough, fatigue, shortness
of breath, and chest pain), SARS-CoV-2 vaccination status.
Laboratory results upon admission were also collected from the hos-
pital records.

Data on smoking status, duration of smoking, and the number of
cigarettes smoked daily were obtained from electronic medical
records, as they are part of routine patient processing. Patients pro-
vided these pieces of information upon hospital admission. Because
these data were based on self-reports about current smoking, we
classified the patients as “current smokers” and “current non-smok-
ers” to minimize information bias regarding potential former smok-
ing practices of current non-smokers.

Data analysis

Using SPSS version 17 (IBM, Armonk, NY, USA), patients
were categorized based on their smoking status after the identifica-
tion of multiplicative interaction (p<0.05 was accepted as statistical-
ly significant). The interaction considered smoking status (yes vs.
no), patients’ age as well as the product term as the independent vari-
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ables, when the outcome variable was patients’ vital status (1-died,
0-living). The product term was statistically significant (p<0.01),
which provided a mathematical justification for stratification of the
study cohort based on their smoking status.

The normality of distribution was evaluated using the
Kolmogorov-Smirnov test. For normally distributed continuous
variables, independent samples t-test was applied, otherwise the
non-parametric two-sided Mann-Whitney test was used. Categorical
variables were assessed using the Fisher’s exact test and the Chi-
square test.

The Kaplan-Meier survival curve was applied to examine sur-
vival of patients. The log-rank test was used to test the differences
between smokers and non-smokers. The Cox proportional hazards
model was utilized to identify factors associated with dying from
SARS-CoV-2 infection. The dependent variable in this model was
the vital status (1-died, 0-living). The independent variables were
classified into 2 models for a more robust analysis. The first model
included duration of hospital stay, vaccination status, smoking dura-
tion and quantity of cigarettes smoked per day (only in smokers), ini-
tial SARS-CoV-2 infection symptoms and presence of pre-existing
chronic illnesses. The second model included laboratory data. These
variables were first tested in a univariate model. Subsequently, statis-
tically significant (p<0.05) and marginally significant (p<0.25) vari-
ables from the univariate analysis were included in the multivariate
model. Both multivariate models were adjusted for age and gender.

The duration of smoking in years and the number of cigarettes
smoked per day were analyzed using the receiver operating charac-
teristic (ROC) curve. The area under the curve (AUC) was analyzed
to better understand sensitivity and specificity.

Results

A total of 307 patients were included in the study. The majority
were female (68.7%, n=211). The average age of patients was
64.4+14.0 years. Most patients (74.6%, n=229) were not vaccinated.
The study included 125 (40.7%) current smokers. All current smok-
ers actively smoked tobacco at the time of developing the first symp-
toms of SARS-CoV-2 infection. The average duration of smoking
was 27.245.7 years. The average number of cigarettes smoked per
day was 26.9+£14.5.

Current smokers were more often admitted to the ICU than cur-
rent non-smokers (p<0.001), where they also had a higher mortality
rate (p=0.01). Furthermore, compared to current non-smokers, cur-
rent smokers more often reported chest pain (p=0.04) and shortness
of breath (p=0.01) as the initial symptoms of SARS-CoV-2 infec-
tion. Current smokers were more likely to have pre-existing respira-
tory diseases (p<0.001) and be obese (p=0.01) compared to current
non-smokers. The only observed difference in laboratory parameters
was a higher value of lactate dehydrogenase (LDH) among current
non-smokers (Table 1).

Factors associated with mortality among current
smokers

In the univariate Cox regression, factors associated with dying
from SARS-CoV-2 among current smokers were a longer hospital
stay (p=0.01), longer duration of smoking (p=0.03), having short-
ness of breath (p<0.01), and chest pain (p=0.01) as the initial symp-
toms, having pre-existing hypertension (p=0.03), respiratory dis-
eases (p<0.01), and obesity (p<0.01), as well as a higher LDH
(p<0.01) (Supplementary Table ).
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Table 1. Characteristics of the study cohort according to smoking status.

Smokers, n=125

Non-smokers, n=182

n (%) n (%)
Age (mean+sd) 65.2+14.2 63.9+13.8 0.40
Gender Men 43 (14.0) 53 (17.3) 032
Women 82 (26.7) 129 (42.0)
Admitted to ICU 63 (20.5) 23 (7.5) <0.01
Died in the ICU 35(11.4) 11 (3.6) <0.01
SARS-CoV-2 vaccination 27 (8.8) 51 (16.6) 0.20
Duration of smoking in years 27.2+45.7 n/a n/a
Cigarettes smoked daily 26.9+14.5 n/a n/a
Duration of hospital stay 19.245.5 14.545.3 0.04

Initial symptoms of SARS-CoV-2 infection

Fever 108 (35.2) 148 (48.25) 0.24
Cough 100 (32.6) 138 (59.3) 0.39
Fatigue 62 (20.2) 80 (26.1) 0.30
Shortness of breath 82 (26.7) 80 (26.1) <0.01
Chest pain 14 (4.6) 19 (6.2) 0.03

Chronic illnesses

Hypertension 56 (18.2) 54 (17.6) <0.01
Diabetes mellitus 32 (10.4) 42 (13.7) 0.61
Insulin dependent diabetes 19 (6.2) 16 (5.2) 0.08
Oral antidiabetics 15 (4.9) 26 (5.5) 0.56
Obesity 14 (4.6) 7(2.3) 0.01
Malignant tumors 5(1.6) 4(1.3) 0.35
Respiratory diseases 13 (4.2) 2(0.7) <0.01
Chronic kidney disease 17 (5.5) 15 (4.9) 0.13

Laboratory characteristics

Red blood cells 4.1 (3.4-4.6) 3.9(3.3-4.5) 0.28
Hemoglobin 127.0 (114.0-137.0) 123.0 (110.0-134.0) 0.16
White blood cells 7.0 (4.2-9.0) 7.0 (4.3-9.1) 0.72
Lymphocytes 1.4 (0.9-1.9) 1.4 (1.01-1.9) 0.83
Neutrophils 5.1 (3.4-6.6) 4.9 (3.4-6.6) 0.83
D-dimer 0.6 (0.4-0.9) 0.6 (0.42-1.0) 0.51
Prothrombin time 12.9 (12.2-13.6) 13.1 (12.2-13.8) 0.53
International normalized ratio 1.1 (1.0-1.1) 1.0 (1.0-1.1) 0.49
Glycemia 7.5 (4.6-9.9) 7.1 (4.9-9.6) 0.92
Creatinine 125.0 (91.0-150.0) 126.0 (88.7-163.2) 0.76
Urea 2.1 (1.0-2.1) 24 (1.1-3.7) 0.21
Albumin 34.0 (31.0-36.0) 33.0 (31.0-36.0) 0.81
Procalcitonin 0.9 (0.5-1.5) 2.6 (0.8-3.6) 0.07
Lactate dehydrogenase 291.0 (237.0-364.0) 387.0 (224-468.0) 0.04
C-reactive protein 64.8 (33.7-85.9) 69.7 (39.4-93.8) 0.36
Ferritin 609.9 (374.0-796.5) 804.3 (296.0-1234.0) 0.75
Alanine aminotransferase 61.0 (39.0-79.5) 62.5 (40.7-81.0) 0.50
Aspartate aminotransferase 62.0 (32.0-89.0) 59.0 (30.7-81.2) 0.21
Gamma glutamyl-transferase 58.5 (40.2-80.7) 56.0 (37.0-79.25) 0.61
Creatine kinase 226.5 (137.0-322.0) 245.0 (115.8-364.6) 0.73

ICU, intensive care unit; sd, standard deviation; n/a, not applicable.
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All these variables as well as the marginally significant ones smoking (p=0.04), having shortness of breath (p<0.01) as the ini-
(age, vaccination status, number of cigarettes smoked daily, pre- tial symptom of SARS-CoV-2 infection (p<0.01), having pre-
existing insulin-dependent diabetes and chronic kidney disease, existing respiratory diseases (p<0.01), and obesity (p<0.01), and
red blood cell count, hemoglobin, urea, creatinine, and alanine higher levels of LDH (p<0.01) and urea (p=0.04) were associated
transaminase levels) entered the multivariate model. This model with dying from SARS-CoV-2 in the ICU among current smokers
showed that a longer hospital stay (p=0.03), longer duration of (Table 2).

Table 2. Factors associated with SARS-CoV-2-related mortality in smokers and non-smokers.

Smokers Non-smokers

Multivariate estimates Multivariate estimates

HR 95% CI HR 95% CI
Age 1.01 0.98-1.09 0.14 1.06 1.00-1.09 0.04
Gender 1.03 0.91-1.04 0.09 1.65 0.89-1.98 0.29
Duration of hospital stay 1.22 1.14-1.45 0.02 1.32 1.32-1.42 <0.01
SARS-CoV-2 vaccination 0.82 0.51-1.29 0.91 1.03 1.02-1.05 0.09
Duration of smoking 1.09 1.01-1.02 0.04 n/a n/a n/a
Cigarettes smoked daily 1.18 0.98-1.31 0.08 n/a n/a n/a
Fever
Cough
Fatigue
Shortness of breath 1.21 1.01-1.23 <0.01
Chest pain 1.45 0.98-1.92 0.06 1.36 0.83-1.45 0.36
Hypertension 1.54 0.74-1.82 0.12
Insulin dependent diabetes 1.64 0.26-1.94 0.91 1.02 0.81-1.03 0.25
Oral antidiabetics
Obesity 1.65 1.01-2.85 <0.01
Malignant tumors
Respiratory diseases 1.54 1.12-1.98 <0.01
Chronic kidney disease 1.61 0.96-2.97 0.08
Model 2 Multivariate estimates Multivariate estimates

HR 95% CI P HR 95% CI P
Age 1.01 0.99-1.11 0.13 1.02 1.00-1.05 0.02
Gender 1.02 0.98-1.04 0.12 1.35 0.87-1.77 0.13
Red blood cells 0.87 0.66-1.15 0.32
Hemoglobin 0.99 0.97-1.00 0.20
White blood cells
Lymphocytes
Neutrophils
D-dimer 1.82 1.06-2.64 0.01

Prothrombin time

International normalized ratio

Glycemia

Creatinine

Urea 1.87 1.68-2.12 0.04

Albumin 0.45 0.21-1.21 0.45 0.84 0.54-0.64 0.04
Procalcitonin

Lactate dehydrogenase 1.09 1.01-1.12 <0.01

C-reactive protein 1.02 0.87-1.04 0.09
Ferritin

Alanine aminotransferase 1.03 0.74-1.02 0.91

Aspartate aminotransferase 1.23 0.97-1.45 0.35

Gamma glutamyl-transferase

Creatine kinase

HR, hazard ratio; CI, confidence interval; n/a, not applicable.
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Factors associated with mortality among current
non-smokers

In the univariate Cox regression, factors associated with mortal-
ity in current non-smokers were a longer hospital stay (p<0.01),
being older (p=0.04), as well as having low albumin levels (p=0.04)
and high D-dimer levels (p<0.001) (Supplementary Table I).

These variables along with the marginally significant ones (gen-
der, vaccination status, fever, chest pain, insulin-dependent diabetes,
C-reactive protein and aspartate aminotransferase levels) entered the
multivariate model. This model showed that longer hospital stays
(p=0.03), being older (p=0.04), not having fever (p=0.04), as well as
high D-dimer levels (p=0.02) and low albumin levels (p=0.04) were
associated with dying from SARS-CoV-2 in the ICU among current
non-smokers (Table 2).

Receiver operating characteristic curve analysis

Given that duration of smoking was predictive of dying from
SARS-CoV-2, we analyzed this variable in more detail using the
ROC curve (Table 3). The AUC was >0.7 suggesting that duration

of smoking was able to discriminate current smokers who had
more likely died in the ICU. Specifically, current smokers who
smoked for more than 40 years had a 73.9% chance of dying from
SARS-CoV-2 infection compared to those patients who smoked for
a shorter period of time (Figure 1A). Similarly, the number of ciga-
rettes smoked daily showed a discriminative power (AUC>0.7) in
predicting the ICU mortality. Specifically, current smokers who
smoked more than 22.5 cigarettes per day had a 75.4% chance of
dying from SARS-CoV-2 infection in the ICU compared to people
who smoked fewer cigarettes per day (Figure 1B).

Comparative survival based on smoking status

Since we observed that smoking might have contributed to mor-
tality in the ICU in our study cohort, we analyzed the Kaplan-Meier
curve to estimate survival of patients relative to smoking (Figure 2).
The Kaplan-Meier survival curve showed a statistically significant
difference in mortality between current smokers and current non-
smokers (Log-rank test p<0.001). This means that hospitalized
patients with SARS-CoV-2 infection who were current smokers had
poorer survival compared to current non-smokers.

Table 3. Parameters on the receiver operating characteristic curve analysis.

Variable Mortality as an outcome variable

Area under the curve Standard error P
Duration of smoking in years 0.70 0.06 <0.01
Cigarettes smoked daily 71 .05 <0.01
Cut-off Sensitivity Specificity
Duration of smoking in years 40 years 73.9% 69.7%
Cigarettes smoked daily 22.5 per day 75.4% 73.9%
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Figure 1. Receiver operating characteristic curve analysis to differentate COVID-19 patients (A) who died in the intesive care unit (ICU)
based on according to the years of the smoking trail and (B) who died in the ICU based on the number of cigarettes consumed per day.

ROC, receiver operating characteristic.
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Figure 2. Comparative survival of smokers and non-smokers (log
rank test for difference p<0.001).

Discussion

The results of this study suggest that longer smoking duration is
associated with mortality from SARS-CoV-2 infection in hospital-
ized patients. Moreover, survival of current smokers with SARS-
CoV-2 infection was shorter compared to current non-smokers.
These findings are in line with previous results across cultures and
health care systems, such as Bangladesh and the US [12,13], indicat-
ing universal detrimental effects of smoking on SARS-CoV-2-relat-
ed survival. This is especially relevant for populations with a high
prevalence of smokers such as Serbia, where 37.9% of men and
31.6% of women smoke [14].

Understanding the underlying mechanisms of smoking in the
development and progression of COVID-19 is of paramount
importance. Chemicals in tobacco smoke irritate the epithelial
membrane causing chronic inflammation of the alveoli. This
inflammation can lead to the accumulation of fibrin and the for-
mation of micro thrombi, which decrease gas exchange and pro-
mote oxidative stress over decades of active smoking [6,15]. At
the same time, ciliary function becomes impaired, which results in
mucus hypersecretion and delayed clearance [16]. This creates a
microenvironment conducive to microbe colonization [17].
Nicotine also boosts the expression angiotensin-converting
enzyme (ACE) in lungs, while the receptor of its homolog enzyme
ACE?2 acts as a portal of entry of several coronaviruses, including
SARS-CoV-2 [2,3]. Therefore, the interaction between nicotine
and SARS-CoV-2 could influence the type of symptoms and the
severity of clinical presentation of SARS-CoV-2 infection [4].
Further, tobacco smoke has been linked to genetic mutations,
including the loss of heterozygosity and microsatellite instability,
which disrupt the integrity of the alveolar-capillary barrier
through mitophagy, oxidative stress and cellular damage [18].
These sub-cellular changes increase the susceptibility to severe
outcomes of SARS-CoV-2 infection [19].

Smoking can impair the immune response by decreasing the
CD4+T cell count. It has been observed that smoke lowers the pro-
duction of interleukin (IL)-22, while it stimulates the secretion of
catecholamine, which results in immune suppression [20,21].
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Chronic cigarette smoking has detrimental effects on immune func-
tion via the hypothalamic-pituitary-adrenal (HPA) axis activation
[22]. Nicotine rapidly crosses the blood-brain barrier, and in the
central nervous system it increases cerebral glucose uptake, and
stimulates adrenocorticotropic hormone, norepinephrine, and epi-
nephrine release [22]. This HPA axis activation also has immuno-
suppressive effects [22]. Moreover, smokers have elevated expres-
sion of IL-6, tumor necrosis factor-o, and other proinflammatory
agents, which contribute to severe immune responses and lung
inflammation [20,21]. Because the primary complication of
COVID-19 is the acute respiratory distress syndrome, whose under-
lying pathophysiological mechanism is the cytokine storm, tobacco
smoking could, therefore, facilitate the onset of severe clinical
forms of SARS-CoV-2 infection.

In this study, smoking more than 22 cigarettes per day showed a
high level of sensitivity when distinguishing individuals with severe
SARS-CoV-2 infection who might have poor prognosis. Jiang et al.
reported that male smokers, who smoke more than 25 cigarettes per
day, are 2.5 times more likely to develop pneumonia compared to
non-smokers [23]. Another research from Spain found that the risk
of pneumonia increases 3.9 times in smokers who smoke more than
20 cigarettes per day [24]. Nuorti ef al. observed that smoking was
the strongest independent risk factor for the development of an inva-
sive pneumococcal disease, where pneumonia in smokers was 4.1
times more likely than that in non-smokers [25]. In fact, exposure to
secondhand smoke may increase the risk of pneumonia as well [26].

On the other hand, smoking cessation has been associated with
the reduction in pneumonia risk [25]. People who quit smoking more
than 4 years prior had a significantly lower risk of pneumonia com-
pared to those who quit smoking less than 1 year prior [27]. It seems
that 5 years after quitting smoking the risk of pneumonia among for-
mer smokers decreases to a level similar to that of non-smokers [24].
Bearing in mind these empirical data, smoking prevention and
smoking cessation may play a crucial role in prevention of poor out-
comes of SARS-CoV-2 infection.

The results of this study showed that people who smoked for
more than 40 years were at a higher risk of dying when hospitalized
with SARS-CoV-2 infection. Xu et al. reported that smoking more
than 20 pack-years independently increases the risk of developing
influenza in hospitalized patients with COPD [28]. Smoking over 20
pack-years and initiation of smoking before the age of 16 years were
factors contributing to developing tuberculosis in Turkey [29].
Therefore, previous empirical evidence highlights that cumulative
effect of long-term smoking may increase the risk of complications
of respiratory diseases and systemic infections. For this reason,
efforts to limit and quit smoking could subsequently lessen the bur-
den of health care interventions and hospitalization.

The limitations of this study should be discussed. Because we
used the existing hospital records, we were unable to retrieve data
about former smoking practices and classify the patients into current
smokers, former smokers and never smokers. As a result, the influ-
ence of former smoking remains unexplored. This study was con-
ducted in a single hospital, which might limit the generalizability of
the findings to broader populations. The majority of patients in this
study were women, which stands in contrast with the previous
notion that men are more likely to be hospitalized with SARS-CoV-
2 infection [30-32]. However, this gender composition of the study
sample reflected the demographics of the hospitalized patients dur-
ing the study period at our hospital. In addition, the retrospective
nature of the study might have introduced information bias, especial-
ly with regards to initial symptoms of SARS-CoV-2 infection and
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smoking patterns because they were self-reported. The retrospective
study design cannot entirely provide inference on causality, so the
data might not fully capture the complex interplay between smoking
and other coexisting factors. Furthermore, the study relied on the
accuracy and completeness of medical records, and the possibility of
misclassified data cannot be completely ruled out.

Conclusions

In conclusion, longer duration of smoking was identified as an
independent risk factor for SARS-CoV-2-related mortality. Current
smokers also had shorter survival compared to current non-smok-
ers. Cumulative effects of smoking after more than 4 decades of
being a smoker have a high level of sensitivity in predicting poor
outcomes of SARS-CoV-2 infection. Smoking prevention and
smoking cessation is of paramount importance in prevention of
poor outcomes of SARS-CoV-2 infection. These strategies should
be prioritized in the post-COVID-19 period, so that the epidemic
of respiratory infections in the future has a lower impact of popu-
lation mortality.

References

1. Vardavas CI, Nikitara K. COVID-19 and smoking: a systematic
review of the evidence. Tob Induc Dis 2020;18:20.

2. Jacobs M, Van Eeckhoutte H P, Wijnant SR, et al. Increased
expression of ACE2, the SARS-CoV-2 entry receptor, in alveo-
lar and bronchial epithelium of smokers and COPD subjects.
Eur Resp J 2020;56:2002378.

3. Edmiston JB, Cohn EG, Teruya SL, et al. Clinical and social
determinants of health features of SARS-CoV-2 infection
among Black and Caribbean Hispanic patients with heart failure:
the SCAN-MP Study. PLoS One 2023;18:¢0283730.

4. Oakes JM, Fuchs RM, Gardner JD, et al. Nicotine and the renin-
angiotensin system. Am J Physiol Regul Integr Comp Physiol
2018;315:895-906.

5. Miyara M, Tubach F, Pourcher V, et al. Lower rate of daily
smokers with symptomatic COVID-19: a monocentric self-
report of smoking habit study. Front Med 2022;8:668995.

6. Leung JM, Yang CX, Tam A, et al. ACE-2 expression in the
small airway epithelia of smokers and COPD patients: implica-
tions for COVID-19. Eur Respir J 2020;55:2000688.

7. Gao M, Aveyard P, Lindson N, et al. Association between smok-
ing, e-cigarette use and severe COVID-19: a cohort study. Int J
Epidemiol 2022;51:1062-72.

8. Patanavanich R, Siripoon T, Amponnavarat S, Glantz SA. active
smokers are at higher risk of COVID-19 death: a systematic
review and meta-analysis. Nicotine Tob Res 2023;25:177-84.

9. Patanavanich R, Glantz SA. Smoking is associated with worse
outcomes of COVID-19 particularly among younger adults: a
systematic review and meta-analysis. BMC Public Health 2021;
21:1554.

10. Serbian Medical Chamber. Therapeutic protocol for COVID-19.
Available from: https://www.lks.org.rs/images/Documents/
Obavestenja/Protokol%20za%201e%C4%8Denje%20pacijena-
ta%20s2%20%20COVID%2019%20%D0%B0%D0%BF%D1
%80%D0%B8%D0%BB%2021.pdf. Accessed on: 31/10/2023.
[Material in Serbian].

11. Menachemi N, Dixon BE, Wools-Kaloustian KK, et al. How

©)

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30

[Monaldi Archives for Chest Disease 2026; 96:2916]

many SARS-CoV-2-infected people require hospitalization?

Using random sample testing to better inform preparedness

efforts. J Public Health Manag Pract 2021;27:246-50.

Mohsin FM, Tonmon TT, Nahrin R, et al. Association Between

Smoking and COVID-19 Severity: Evidence from Bangladesh.

J Multidiscip Healthc 2021;14:1923-33.

. Le Guen CL, Muir KC, Simons M, et al. The impact of smoking
status and smoking-related comorbidities on coronavirus disease
2019 patient outcomes: a causal mediation analysis. Nicotine
Tob Res 2023;25:331-8.

. WHO. WHO report on the global tobacco epidemic 2021.

Country profile. Serbia. Available from: https://cdn.who.int

/media/docs/default-source/country-profiles/tobacco/who_rgte

2021_serbia.pdf?stvrsn=50e60c0a_5&download=true

Guan WJ, Liang WH, Zhao Y, et al. Comorbidity and its impact

on 1590 patients with COVID-19 in China: a nationwide analy-

sis. Eur Respir J 2020;55:2000547.

Grzywa-Celinska A, Krusinski A, Milanowski J. ‘Smoging kills’

- Effects of air pollution on human respiratory system. Ann

Agric Environ Med 2020;27:1-5.

Ganesan S, Comstock AT, Sajjan US. Barrier function of airway

tract epithelium. Tissue Barriers 2013;1:€24997.

Wistuba 1I, Gazdar AF. Lung cancer preneoplasia. Annu Rev

Pathol 2006;1:331-48.

Samara K, Zervou M, Siafakas NM, Tzortzaki EG.

Microsatellite DNA instability in benign lung diseases. Respir

Med 2006;100:202-11.

Lippi G, Henry BM. Active smoking is not associated with

severity of coronavirus disease 2019 (COVID-19). Eur J Intern

Med 2020;75:107-8.

Patanavanich R, Glantz SA. Smoking is associated with

COVID-19 progression: a meta-analysis. Nicotine Tob Res

2020;22:1653-6.

Rohleder N, Kirschbaum C. The hypothalamic-pituitary-adrenal

(HPA) axis in habitual smokers. Int J Psychophysiol 2006;59:

236-43.

Jiang C, Chen Q, Xie M. Smoking increases the risk of infec-

tious diseases: a narrative review. Tob Induc Dis 2020;18:60.

Almirall J, Serra-Prat M, Bolibar I, Balasso V. Risk factors for

community-acquired pneumonia in adults: a systematic review

of observational studies. Respiration 2017;94:299-311.

Nuorti JP, Butler JC, Farley MM, et al. Cigarette smoking and

invasive pneumococcal disease. Active Bacterial Core

Surveillance Team. N Engl J Med 2000;342:681-9.

Almirall J, Bolibar I, Serra-Prat M, et al. New evidence of risk

factors for community-acquired pneumonia: a population-based

study. Eur Respir J 2008;31:1274-84.

Kihara T, Yamagishi K, Iso H, Tamakoshi A. The association of

smoking cessation with mortality from pneumonia among mid-

dle-aged and elderly community residents: the Japan

Collaborative Cohort (JACC) study. Prev Med 2022;163:

107188.

Xu L, Chen B, Wang F, et al. A higher rate of pulmonary fungal

infection in chronic obstructive pulmonary disease patients

with influenza in a large tertiary hospital. Respiration 2019;98:

391-400.

Musellim B, Erturan S, Sonmez Duman E, Ongen G.

Comparison of extra-pulmonary and pulmonary tuberculosis

cases: factors influencing the site of reactivation. Int J Tuberc

Lung Dis 2005;9:1220-3.

. Ahrenfeldt LJ, Otavova M, Christensen K, Lindahl-Jacobsen R.

OPEN aACCESS



Article

Sex and age differences in COVID-19 mortality in Europe. Wien 32. Marinkovi¢ I, Tramosljanin A. Mortality in Serbia due to the

Klin Wochenschr 2021;133:393-8. COVID-19 pandemic: Overview of basic mortality data for
31. Aleksanyan Y, Weinman JP. Women, men and COVID-19. Soc 2020 and 2021. Stanovnistvo 2022;60:165-9.

Sci Med 2022;294:114698.

Online supplementary material:

Supplementary Table 1. Results of the Cox proportional hazard model: univariate associations with mortality in smokers and non-smokers.

Received: 17 January 2024; Accepted: 11 November 2024; Early view: 17 January 2025.

Contributions: Branko Beronja: study design, data collection, analysis and interpretation of results and drafted the manuscript. Aleksandra Karan, Biljana
Lukic: study design, data collection, analysis and interpretation of results and critical review of the intellectual content of the manuscript. Ivana Milosevic,
Jelena Dotlic, Tatjana Gazibara: study design, analysis and interpretation of results and critical review of the intellectual content of the manuscript.

Conflict of interest: the authors declare that they do not have potential conflicts of interest.

Ethics approval and consent to participate: this study was approved by the Ethics Committee of the General Hospital “Dr Radivoj Simonovic” Sombor
(approval no. 23-2171-2023-2).

Informed consent: data were retrospectively analyzed from hospital records. Patients provided informed consent for treatment and use of their data for
research when hospitalized.

Patient consent for publication: upon hospital admission, patients signed consent for all diagnostic and therapeutic procedures and agreed to have their
medical records analyzed and published in scientific journals.

Availability of data and materials: the dataset which was the base of this study is available on a reasonable request to the corresponding author.
Publisher s note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is not

guaranteed or endorsed by the publisher.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

@ [Monaldi Archives for Chest Disease 2026; 96:2916] OPEN a ACCESS



