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ABSTRACT

Introduction: Characterising the symptom profile of COVID-19 in
smokers compared to non-smokers enables the identification of distinct
clinical patterns and potential risk factors. This, in turn, supports more
accurate risk stratification and the formulation of targeted public health
strategies, particularly within primary care settings, where early
detection and timely intervention are essential.

Material and Methods: A population-based, cross-sectional comparative
study was conducted using national surveillance data from 475
healthcare units across Mexico. The analysis focused on patients tested
for SARS-CoV-2, stratified by smoking status (smokers and non-smokers).
Variables included age, clinical symptoms, comorbidities, test results, and
vaccination status. Associations between symptoms, comorbidities, and
COVID-19 positivity were assessed using multivariate logistic regression
models in both groups.

Results: The study included two groups: a total of 48,314 smokers
(12.5%; 95% Cl 12.4-12.6) and 338,900 non-smokers patients (87.5%;
95% Cl 87.4-87.6), resulting in a total study population of 387,214
patients. From this population, we identified 193,607 patients with
COVID-19 (21,777 smokers versus 171,830 non-smokers patients).
Smokers exhibited a higher prevalence of all reported symptoms in
comparison to non-smokers: headache (62% vs 60.3%), cough (57.7% vs
56.6%), myalgia (42.9% vs 39.7%) and odynophagia (40.4% vs 36.9),
with the exception of fever (41.3% vs 43.4%). Signs and symptoms
positively associated with a higher likelihood of COVID-19 in both
smokers and non-smokers included fever, cough, dyspnoea, chest pain,
chills, myalgia, arthralgia, malaise, rhinorrhoea, polypnoea, and
cyanosis. In contrast, type 2 diabetes, obesity, and hypertension were
linked to an increased risk of COVID-19 only among non-smokers. Age
showed an inverse relationship with COVID-19 risk in both groups.
Notably, being female was the only factor consistently associated with a
higher risk of infection across both populations.

Conclusion: The observed profile among smokers suggests a more
symptomatic or severe clinical presentation. The lack of association
among obesity, hypertension, and diabetes with COVID-19 in this group
suggests a possible existence of distinct biological or behavioural
mechanisms influencing disease susceptibility and progression.
Keywords: Comorbidity; COVID-19; primary care; smoking
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Introduction

The COVID-19 pandemic has highlighted the critical
importance of understanding the role of modifiable risk
factors in disease severity and outcomes among
communicable diseases and their relationship with non-
communicable diseases.!-2

Among these, tobacco use has emerged as a significant
determinant, not only in increasing susceptibility fo SARS-
CoV-2 infection? but also in exacerbating the severity of
clinical outcomes4-5. Hamer et al., in 2020, reported that
smoking was independently associated with an increased
risk of being hospitalised due to COVID-19 among adults
residing in the United Kingdom (UK).3 The study utilised
data from the UK Biobank, a large prospective cohort
comprising 387,109 participants (mean age 56.4 + 8.8
years; 55.1% female).3 Multiple studies have shown that
smokers are more likely to contract COVID-19 (Odds
Ratio, OR=1.42;  Confidence Interval 95%,
Cl95%=1.12-1.79)3-¢ and experience worse disease
progression (disease severity: current smoking OR=1.58;
Cl95%=1.16-2.15, p=0.004 and former smoking
OR=2.48; Cl95%=1.64-3.77, p<0.001), including
higher rates of hospitalisation (OR=2.31; 95%CI=1.94-
2.74)7, intensive care unit (ICU) admission, and mortality
(current  smoking  OR=1.35; CI95%=1.12-1.62,
p=0.002; and former smoking OR=2.58; CI95%=2.15-
3.09, p<0.001)45. The pro-inflammatory and
immunosuppressive effects of tobacco, coupled with pre-
existing respiratory conditions and cardiovascular and
metabolic comorbidities commonly seen in smokers,
contribute to a heightened vulnerability to severe
COVID-19.8° However, debates are still ongoing as to
the effect of cigarette smoking on vulnerability to
COVID-19,° due to several observational studies
reporting that smoking may reduce the risk of SARS-CoV-
2 infection and COVID-19,8'" which has sparked
significant controversy within the scientific community.
Besides, initial reports noted a low number of active
smokers among hospitalised COVID-19 patients,!!
prompting speculation about a potential “smoker’s
paradox”,? whereby smoking might offer some form of
protection against infection or severe illness.8-1' However,
such conclusions have been met with widespread
scepticism, as they are largely based on observational
studies with notable methodological flaws.! These
include biased patient selection and incomplete or
inaccurate recording of smoking status.!’ Furthermore,
underreporting of tobacco use—particularly in clinical
settings—and the presence of confounding factors such
as socioeconomic status and comorbidities further
complicate the interpretation of these findings.’! Given
the high prevalence of smokers and former smokers in
clinical practice, particularly in primary care, research
into the interaction between smoking and COVID-19
remains essential. From a public health perspective, this
association represents a substantial burden. Smoking-
related vulnerability to COVID-19 strains healthcare
resources across all levels of care. Furthermore, at the
primary care level, clinicians must be vigilant in
identifying smokers as high-risk individuals, providing
targeted preventive counselling and early intervention.
At the secondary and tertiary levels, the increased
likelihood of complications among smokers requires
greater resource allocation, including ICU beds,

ventilatory support, and prolonged hospital stays. For the
society, the pandemic has amplified health inequalities
already linked to tobacco use, disproportionately
affecting socioeconomically disadvantaged populations
where smoking prevalence is higher. This underscores the
need for governments to reinforce tobacco control
policies, integrating them into public health strategies.
Therefore, policy interventions such as smoking cessation
programmes, taxation, public awareness campaigns, and
regulatory restrictions on tobacco advertising become not
only tools for chronic disease prevention but also for
mitigating the impact of infectious diseases like COVID-
19. In this context, addressing the intersection between
smoking and COVID-19 is not merely a clinical or
epidemiological concern—it is a societal imperative that
requires coordinated action across healthcare systems,
governmental policy, and community engagement to
reduce harm, save lives, and build more resilient public
health infrastructures. Therefore, grasping the clinical
presentation of COVID-19 in smokers can enhance clinical
decision-making and aid in the formulation of targeted
public health strategies.

Material and Methods

STUDY DESIGN, SETTING AND PARTICIPANTS

This study was designed as a population-based, cross-
sectional, comparative, and analytical investigation,
utilising a previously published secondary dataset
comprising patients in  Mexico who underwent
nasopharyngeal testing for SARS-CoV-2 at various
healthcare facilities.6 Consequently, subjects were
classified as suspected cases of viral respiratory infection
through the national epidemiological surveillance system.

The original research, which followed a case—control
design, utilised a risk set sampling method to enhance the
internal validity of the analysis.¢ In this framework, control
subjects were drawn from the population at risk at the
time each case was identified, ensuring temporal
comparability and avoiding selection bias. This approach
permitted a robust estimation of rate ratios using odds
ratios, even in the absence of the rare disease
assumption. Importantly, unlike conventional cumulative or
survivor sampling strategies, risk set sampling recognises
that some individuals in the control group may later
develop the disease—a critical consideration when
working with dynamic and continuously updated health
registries.

Hence, for the current analysis, we conducted a cross-
sectional comparison using the same dataset, focusing
specifically on two subgroups: smokers and non-smokers.
This design enabled us to explore differences in clinical
presentation, comorbidities, and health outcomes related
to SARS-CoV-2 infection between these two groups,
without employing a longitudinal or time-to-event
analytical framework.

DATABASE AND DATA SOURCES

The data used in this study comes from the National
Epidemiological ~ Surveillance  System  for  Viral
Respiratory Diseases, which collects information from 475
Viral Respiratory Disease Monitoring Health Units
(Unidades de Salud Monitoras de Enfermedad
Respiratoria Viral, USMER), as well as additional Non-

© 2025 European Society of Medicine 2



USMER units that have been adapted nationwide for
COVID-19 screening.® Both types of units—USMER and
Non-USMER—follow standardised protocols to screen
individuals exhibiting respiratory symptoms, recording
clinical and epidemiological data through the SISVER
platform. SARS-CoV-2 diagnostic testing via RT-PCR is
routinely conducted for all patients with severe
symptoms.® Conversely, patients with mild symptoms are
tested selectively: USMER units perform testing in at least
10% of these cases, while non-USMER units test according
to their operational capacities.® Confirmed cases are
classified as positive, negative, or pending for SARS-
CoV-2 and are subject to validation across various
administrative levels before inclusion in the dataset.¢ This
study specifically examined two subgroups—smokers
and non-smoker patients—to facilitate a comparative
assessment within this population-based dataset.

STUDY VARIABLES

All the information was consolidated into a national
database that contains SARS-CoV-2 test results, along
with sociodemographic data, clinical features, and details
related to the healthcare facilities involved.
Sociodemographic variables included: patient's age, sex,
and nationality (classified as either Mexican or non-
Mexican). Incidentally, clinical data encompassed pre-
existing comorbidities, as well as the signs and symptoms
present at the time of evaluation. Comorbidities were
documented as binary variables (present or absent) and
included: diabetes, chronic obstructive pulmonary disease
(COPD), asthma, immunosuppression, hypertension,
HIV/AIDS, cardiovascular disease, obesity, chronic
kidney disease, and other unspecified conditions.
Additionally, the total number of comorbidities was also
documented and the smoking status was classified as
either smoker or non-smoker. Besides, signs and symptoms
were recorded as binary variables and included fever,
cough, odynophagia, dyspnoeaq, irritability, diarrhoeaq,
chest pain, chills, headache, myalgia, arthralgia, malaise,
rhinorrhoea, polypnoea, vomiting, abdominal pain,
conjunctivitis, cyanosis, and the sudden onset of symptoms.
On the other hand, Additional information included
whether the patient had been vaccinated. All the data
was collected using a standardized Respiratory Triage
Form completed by the attending physician.6

For laboratory-confirmed COVID-19 cases, additional
information was collected regarding admission to the
intensive care unit (ICU), the need for intubation, and
mortality. The data related to healthcare facilities
indicated whether the unit belonged to the USMER or
Non-USMER surveillance networks, as well as the type of
facility where the patient received care.®

OUTCOMES, SUBJECT’S SELECTION, AND STATISTICAL
ANALYSIS

The primary outcome variable was a diagnosis of
COVID-19, defined by laboratory-confirmed SARS-
CoV-2 infection and documented as a dichotomous
variable (positive or negative). A census sampling method
was applied to include all eligible smoker and non-
smoker patients registered in the national database
during the study period. The sample included patients
aged 10 years and over, based on data from the 2022
National Health and Nutrition Survey (ENSANUT-2022),

which reports that 4.6% of adolescents are smokers.
Additionally, the World Health Organization (WHO)
defines adolescence as the life stage between childhood
and adulthood, encompassing individuals aged 10 to 19
years. Consequently, both study groups—smokers and
non-smoker patients—consist of individuals aged 10
years and above. This approach ensured that the full
available population of interest was included in each
study arm. Categorical variables were described using
absolute frequencies and percentages, while quantitative
variables were summarized as mean, standard deviation
(SD), interquartile range (IQR), minimum and maximum
values, and range. All estimates were reported with their
respective  95% confidence intervals (95% Cl).
Comparisons of categorical variables between groups
were performed using Yates’ corrected chi-square test,
while quantitative variables were analysed with the
Median Test as independent samples. The analysis was
conducted across two parallel groups: one composed of
smokers and the other of non-smokers. Hence, both
groups were analysed separately to identify clinical and
epidemiological differences related to COVID-19
diagnosis. In order to assess the association between
COVID-19 diagnosis (positive/negative) and the
independent variables (e.g., age, comorbidities, signs
and symptoms), a series of logistic regression models
were applied within each study group. These models
included continuous variables such as age, and
dichotomous  variables  including presence  of
comorbidities and specific clinical symptoms. Multivariate
logistic regression analyses were performed. Besides, the
multivariate logistic regression models were constructed
to identify independent predictors of a positive COVID-
19 diagnosis while adjusting for potential confounding
factors. Odds ratios (ORs) with corresponding 95%
confidence intervals (CI95%) were calculated to quantify
the strength and direction of associations. An OR >1
indicated an increased likelihood of COVID-19
diagnosis, whereas an OR <1 indicated a decreased
likelihood. Variables included in the multivariate logistic
regression models were: Age: years (numerical variable).
Sex: males=0, females=1. Fever: presence=1,
absence=0. Cough: presence=1, absence=0.
Odynophagia: presence=1, absence=0. Dyspnoea:
presence=1, absence=0. Irritability: presence=1,
absence=0. Diarrhoea: presence=1, absence=0. Chest
pain: presence=1, absence=0. Chills: presence=1,

absence=0. Headache: presence=1, absence=0.
Myalgia: presence=1, absence=0.  Arthralgia:
presence=1, absence=0. Malaise: presence=1,

absence=0. Rhinorrhoea: presence=1, absence=0.
Polypnea: presence=1, absence=0. Vomiting:
presence=1, absence=0. Abdominal pain: presence=1,
absence=0. Conjunctivitis: presence=1, absence=0.
Cyanosis: presence=1, absence=0. SOS: presence=1,
absence=0. Type 2 Diabetes: presence=1, absence=0.
COPD: presence=1, absence=0. Asthma: presence=1,
absence=0. Immunosuppressed: presence=1,
absence=0. Hypertension: presence=1, absence=0. HIV-
AIDS: presence=1, absence=0. CVD: presence=1,
absence=0. Obesity: presence=1, absence=0. CKD:
presence=1, absence=0. Numbers of factors: numerical
variable. Vaccinated: presence=1, absence=0. Finally,
all statistical tests were two-tailed, and a p-value < 0.05
was considered statistically significant.
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ETHICAL CONSIDERATIONS

This study was conducted according to good clinical
practices, as defined by Mexican law, and the Helsinki
Declaration for research using human beings. The
database designed used anonymized dataset of patients
that is publicly available and accessible to anyone
through the Mexican Health Ministry. The principles that
emerge from the United Nations General Assembly,
1989, were used. A principle of legality and loyalty (the
information was obtained in a lawful manner), a principle
of accuracy (the relevance of the data was verified), a
principle of purpose (the database is specific, a
legitimate and a public before its creation), a principle
of non-discrimination and a principle of security.

Results

CHARACTERISTICS OF THE STUDY POPULATION

The study included two groups: a total of 48,314 smokers
(12.5%; 95% ClI 12.4-12.6) and 338,900 non-smoker
patients (87.5%; 95% Cl 87.4-87.6), resulting in a total
study population of 387214 patients. From this
population, we identified 193,607 patients with COVID-
19 (50%, Cl95% 49.8-50.2) (smokers 21,777; 45.1%,
Cl95% 44.6-45.5 versus non-smoker patients 171,830;
50.7%, ClI95% 50.5-50.9). The mean age was 44.12
years old (SD = 16.19), with a range of 110 years old
(minimum = 10 years; maximum = 120 years). The
median age was 43 years old (IQR = 31-55 years).
When stratified by the variable smoking, the median age
(41 years old, IQR = 31-53, range = 90 years old;
minimum = 10 years old, maximum = 100 years old)
among smoker patients was significantly lower (p<0.001,
Median Test for independent groups), compared than
non-smoker patients (median age=44 years old; IQR =
32-56, range = 110 years old; minimum = 10 years old,
maximum = 120 years).

Table 1 presents a comparison of sociodemographic
characteristics and the signs and symptoms observed in
smokers and non-smokers with upper respiratory tract
infections. The proportion of women was significantly
higher in the non-smoker group compared to smokers,
and conversely, the proportion of men was greater
among smokers. In the total population, the sample
exhibited an almost equal sex distribution. Conversely,
the proportion of pregnant individuals was relatively low.

The most frequently reported symptoms were headache,
cough, fever, myalgia, and odynophagia. Other

commonly observed symptoms included arthralgia,
malaise, chills, rhinorrhoea, dyspnoea and chest pain.
Additionally, symptoms such as diarrhoeaq, irritability,
conjunctivitis, and abdominal pain were also reported in
a considerable proportion of cases. (table 1). Otherwise,
less frequently reported symptoms included polypneaq,
vomiting, and cyanosis. The sudden onset of symptoms
was reported by 28.3% of the participants (table 1).

DESCRIPTION OF THE SMOKERS POPULATION

The prevalence of pregnancy among female smokers was
notably low. Among the smoker patients in the study, a
higher prevalence of all symptoms was observed
compared to non-smokers. Clinically, this suggests a more
intense or symptomatic clinical profile associated with
tobacco use. Systemic and respiratory symptoms were
especially prominent in this group. The most frequently
reported symptom was headache, followed by cough,
myalgia, fever, and odynophagia. Additionally, other
common symptoms included malaise, chills, and
rhinorrhoea. Respiratory symptoms such as dyspnoeq,
polypneaq, and chest pain were most prevalent compared
to the non-smoking group. Although gastrointestinal
symptoms such as diarrhoea and abdominal pain were
reported in a moderate proportion of patients, vomiting
was reported in a low proportion of cases. Other
symptoms included irritability, reported in 17% of
patients, and conjunctivitis, observed in 14%. Cyanosis
was less common, occurring in less than 5% of cases
(Table 1).

DESCRIPTION OF THE NON-SMOKERS POPULATION

In contrast to the smoker group, the prevalence of
pregnancy among non-smokers was notably higher.
Clinically, non-smoker patients also exhibited a wide
range of symptoms characteristic of upper respiratory
tract infections. However, the overall frequency of these
symptoms was slightly lower than in smokers, with the
exception of fever, which was more commonly reported
among non-smokers. The most commonly reported
symptoms were headache, cough, fever, myalgiq,
odynophagia, and arthralgia; moreover, over 20% of
patients also experienced malaise, chills, rhinorrhoeq,
dyspnoed, and chest pain. Similarly, symptoms including
diarrhoeaq, irritability, and conjunctivitis were present in
at least 10% of patients. The symptoms reported in less
than 10% of non-smoking patients were abdominal pain,
polypnea, vomiting, and cyanosis, indicating that these
manifestations were relatively uncommon within this
population (table 1).

Table 1. Comparison of the Prevalence of Sociodemographic Characteristics and Signs and Symptoms in Smokers and

Non-Smokers with Upper Respiratory Tract Infections.

Total population Smokers Non-Smokers
Variables N= 387,214 n= 48,314 n= 338,900

n, % (C195%) n, % (Cl95%) n, % (Cl95%)
Females* 193,352; 49.9 (49.8-50.1) | 30,732; 63.6 (63.2-64.1) | 163,130; 48.1 (48-48.3)
Males 193,862; 50.1 (49.9-50.2) | 17,582; 36.4 (35.9-36.8) | 175,770; 51.9 (51.7-52)
Pregnancy* 2,055; 0.5 (0.5-0.6) 69; 0.1 (0.1-0.2) 1,986; 0.6 (0.6-0.6)
Fever* 166,929; 43.1 (42.9-43.3) | 19,961, 41.3 (40.9-41.8) | 146,968; 43.4 (43.2-43.5)
Cough* 219,542; 56.7 (56.5-56.8) | 27,855; 57.7 (57.2-58.1) | 191,687; 56.6 (56.4-56.7)
Odynophagia* 144,517, 37.3 (37.2-37.5) | 19,533; 40.4 (40-40.9) 124,984; 36.9 (36.7-37)
Dyspnoea™ 87,274; 22.5 (22.4-22.7) | 11,687; 24.2 (23.8-24.6) | 75,587; 22.3 (22.2-22.4)
Irritability* 55,387; 14.3 (14.2-14.4) | 8,199; 17 (16.6-17.3) 47,188; 13.9 (13.8-14)
Diarrhoea* 71,953; 18.6 (18.5-18.7) | 10,723; 22.2 (21.8-22.6) | 61,230; 18.1 (17.9-18.2)
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Total population Smokers Non-Smokers
Variables N= 387,214 n= 48,314 n= 338,900

n, % (C195%) n, % (C195%) n, % (C195%)
Chest pain* 80,606; 20.8 (20.7-20.9) | 11,455; 23.7 (23.3-24.1) | 69,151; 20.4 (20.3-20.5)
Chills* 105,064; 27.1 (27-27.3) 14,742; 30.5 (30.1-30.9) | 90,322; 26.7 (26.5-26.8)
Headache® 234,318; 60.5 (60.4-60.7) | 29,960; 62 (61.6-62.4) 204,358; 60.3 (60.1-60.5)
Myalgia™ 155,220; 40.1 (39.9-40.2) | 20,732; 42.9 (42.5-43.4) 134,488; 39.7 (39.5-39.8)
Arthralgia* 138,385; 35.7 (35.6-35.9) | 18,447, 38.2 (37.8-38.6) 119,938; 35.4 (35.2-35.5)
Malaise™ 130,877; 33.8 (33.6-34) 17,887; 37 (36.6-37.5) 112,990; 33.3 (33.2-33.5)
Rhinorrhoea™ 94,045; 24.3 (24.1-24.4) | 13,930; 28.8 (28.4-29.2) | 80,115; 23.6 (23.5-23.8)
Polypnea* 30,045; 7.8 (7.7-7.8) 4,351; 9 (8.8-9.3) 25,694;7.6 (7.5-7.7)
Vomiting™® 21,583; 5.6 (5.5-5.6) 2,913; 6 (5.8-6.2) 18,670; 5.5 (5.4-5.6)
Abdominal pain* 39,245; 10.1 (10-10.2) 5,783; 12 (11.7-12.3) 33,462; 9.9 (9.8-10)
Conjunctivitis* 41,494; 10.7 (10.6-10.8) | 6,749; 14 (13.6-14.3) 34,745; 10.3 (10.1-10.4)
Cyanosis* 11,166; 2.9 (2.8-2.9) 1,618; 3.3 (3.2-3.5) 9,548; 2.8 (2.8-2.9)
Sudden onset of symptoms* | 109,497; 28.3 (28.1-28.4) | 14,073; 29.1 (28.7-29.5) | 95,424; 28.2 (28-28.3)

Source: Prepared by the authors using data from the study. P value was calculated by Yates Corrected Chi-Square Test.

*P value <0.001

IDENTIFICATION OF SIGNS, SYMPTOMS, AND
ASSOCIATED FACTORS RELATED TO COVID-19
Regarding Smokers and Non-Smoker Patients, the
multivariate logistic regression analysis identified several

clinical symptoms and comorbidities as factors associated
with COVID-19 (Tables 2 and 3).

A similar pattern of factors associated with either
increased or decreased probability of COVID-19 was
observed in both groups, along with variables showing no
association. Among the non-associated factors identified
in both populations were odynophagia, diarrhoea,
vomiting, chronic obstructive pulmonary disease (COPD),
and chronic kidney disease (CKD). Notably, in the smoker
group alone, obesity, type 2 diabetes, hypertension, and
the total number of comorbidities also showed no
significant association with COVID-19. The only factor
consistently associated with a higher risk of COVID-19
across both groups was being female.

Furthermore, signs and symptoms that were positively
associated with an increased likelihood of COVID-19 in
both smokers and non-smokers included: fever, cough,
dyspnoea, chest pain, chills, myalgia, arthralgia, malaise,
rhinorrhoea, polypnoea, and cyanosis. Conversely, type
2 diabetes, obesity, and hypertension increased the risk
of COVID-19 exclusively in non-smoking patients. Apart
from that, age has an inverse association with COVID-19
risk in both groups.

Symptoms and conditions associated with a lower
probability of COVID-19 included irritability, headache,
abdominal pain, and conjunctivitis. Similarly, the sudden
onset of symptoms, as well as a history of asthma,
immunosuppression, HIV /AIDS, or cardiovascular disease,
were all associated with a reduced likelihood of COVID-
19. Vaccination was identified as a protective factor in
both populations. Lastly, the number of comorbidities
showed an inverse association with COVID-19 risk, but
only among non-smokers.

Table 2: Multivariate Logistic Regression Analysis of Clinical and Demographic Factors associated to COVID-19 in Non-

Smoker population.

Variables Beta OR Cl 95% P value
Age -0.005 0.995 0.995 0.996 <0.001
Sex (1) 0.023 1.023 1.008 1.038 0.002

Fever (1) 0.700 2.014 1.981 2.047 <0.001
Cough (1) 0.463 1.589 1.563 1.615 <0.001
Odynophagia (1) 0.001 1.001 0.984 1.018 0.926

Dyspnoea (1) 0.264 1.302 1.276 1.328 <0.001
Irritability (1) -0.131 0.877 0.857 0.897 <0.001
Diarrhoea (1) -0.010 0.990 0.970 1.011 0.343

Chest pain (1) 0.078 1.081 1.060 1.103 <0.001
Chills (1) 0.153 1.165 1.143 1.187 <0.001
Headache (1) -0.065 0.937 0.921 0.953 <0.001
Myalgia (1) 0.241 1.273 1.244 1.301 <0.001
Arthralgia (1) 0.126 1.134 1.108 1.160 <0.001
Malaise (1) 0.276 1.318 1.295 1.342 <0.001
Rhinorrhoea (1) 0.138 1.148 1.127 1.169 <0.001
Polypnea (1) 0.091 1.095 1.061 1.129 <0.001
Vomiting (1) -0.034 0.966 0.934 1.000 0.049

Abdominal pain (1) -0.192 0.826 0.804 0.848 <0.001
Conjunctivitis (1) -0.130 0.878 0.856 0.901 <0.001
Cyanosis (1) 0.137 1.147 1.094 1.203 <0.001
SOS (1) -0.120 0.887 0.872 0.902 <0.001
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Variables Beta OR Cl95% P value
Type 2 Diabetes (1) 0.256 1.291 1.214 1.373 <0.001
COPD (1) -0.046 0.955 0.869 1.049 0.339
Asthma (1) -0.151 0.860 0.799 0.926 <0.001
Immunosuppressed (1) -0.246 0.782 0.714 0.856 <0.001
Hypertension (1) 0.107 1.112 1.047 1.182 0.001
HIV-AIDS (1) -0.161 0.852 0.752 0.964 0.011
CVD (1) -0.116 0.890 0.821 0.965 0.005
Obesity (1) 0.246 1.279 1.204 1.359 <0.001
CKD (1) -0.034 0.966 0.886 1.054 0.443
Number of factors -0.084 0.920 0.869 0.973 0.003
Vaccinated (1) -0.191 0.826 0.811 0.840 <0.001
Constant -0.570 0.565 <0.001
Source: Prepared by the authors using data from the study. SOS=sudden onset of symptoms. COPD=chronic obstructive
pulmonary disease. HIV-AIDS=human immunodeficiency virus - acquired immune deficiency syndrome.

CVD=cardiovascular disease. CKD=chronic kidney disease. OR: odds ratio. P values were calculated using the chi-square
Woald test. P value of the OR adjusted for the variables included in the multivariate logistic regression model.

Table 3: Multivariate Logistic Regression Analysis of Clinical and Demographic Factors associated to COVID-19 in Smoker

Population.
Variables Beta OR Cl95% P value
Age -0.005 0.995 0.993 0.996 <0.001
Sex (1) 0.059 1.061 1.019 1.104 0.004
Fever (1) 0.735 2.085 1.997 2.178 <0.001
Cough (1) 0.385 1.469 1.406 1.535 <0.001
Odynophagia (1) 0.034 1.034 0.990 1.080 0.129
Dyspnoea (1) 0.206 1.228 1.169 1.291 <0.001
Irritability (1) -0.142 0.868 0.822 0.916 <0.001
Diarrhoea (1) -0.022 0.978 0.931 1.028 0.379
Chest pain (1) 0.064 1.066 1.015 1.120 0.011
Chills (1) 0.203 1.225 1.168 1.286 <0.001
Headache (1) -0.075 0.928 0.886 0.971 0.001
Myalgia (1) 0.256 1.291 1.219 1.368 <0.001
Arthralgia (1) 0.123 1.131 1.067 1.198 <0.001
Malaise (1) 0.301 1.351 1.291 1.414 <0.001
Rhinorrhoea (1) 0.178 1.195 1.142 1.250 <0.001
Polypnea (1) 0.099 1.104 1.026 1.188 0.008
Vomiting (1) -0.069 0.934 0.858 1.016 0.111
Abdominal pain (1) -0.211 0.810 0.760 0.863 <0.001
Conjunctivitis (1) -0.146 0.865 0.816 0.916 <0.001
Cyanosis (1) 0.301 1.351 1.206 1.512 <0.001
SOS (1) -0.114 0.893 0.854 0.933 <0.001
Type 2 Diabetes (1) 0.151 1.163 0.979 1.381 0.085
COPD (1) -0.101 0.904 0.728 1.121 0.358
Asthma (1) -0.319 0.727 0.591 0.895 0.003
Immunosuppressed (1) -0.309 0.734 0.569 0.948 0.018
Hypertension (1) -0.069 0.933 0.787 1.107 0.427
HIV-AIDS (1) -0.336 0.715 0.531 0.962 0.027
CVD (1) -0.212 0.809 0.655 0.999 0.049
Obesity (1) 0.082 1.086 0.920 1.280 0.330
CKD (1) 0.067 1.070 0.842 1.359 0.582
Numbers of factors 0.091 1.095 0.935 1.282 0.258
Vaccinated (1) -0.131 0.877 0.836 0.919 <0.001
Constant -0.983 0.374 <0.001

Source: Prepared by the authors using data from the study. SOS=sudden onset of symptoms. COPD=chronic obstructive

pulmonary disease. HIV-AIDS=human immunodeficiency virus - acquired immune deficiency syndrome.

CVD=cardiovascular disease. CKD=chronic kidney disease. OR: odds ratio. P values were calculated using the chi-square
Wald test. P value of the OR adjusted for the variables included in the multivariate logistic regression model.

Discussion with a specific focus on differences between smokers and

This study provides a comprehensive analysis of the non-smokers. We observed key highlights in the clinical
clinical characteristics and associated factors of COVID- presentation of COVID-19 be'r:Neen smoke'rs and hon-
19 among patients with upper respiratory tract infections, smoker patients. Compared with the 40 international
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studies summarised in the systematic review and meta-
analysis’ reported by Umnuaypornlert et al., our analysis
introduces an important perspective by focusing on a
younger population and the primary care context in low-
and middle-income countries. The mean or median age of
participants in most reviewed studies ranged from 19 to
74 years, with many studies focusing on hospitalised,
high-risk, or elderly populations, particularly in countries
such as the USA, Chinag, Italy, and Spain. In contrast, our
study population had a notably younger age distribution,
with inclusion starting from 10 years of age, reflecting a
broader, community-based sample that included both
adolescents and adults.

While many of the referenced studies identified positive
associations between smoking and increased disease
severity or mortality of COVID-19,57. 9. 10 the strength
and consistency of these associations varied widely
across settings. Some studies, such as those conducted in
Kuwait'2 and Spain'3, reported high odds ratios (ORs >
2.0), indicating significant risk increases. However,
several other studies—including those from the USA,
China, and Japan—found no significant associations
(often with wide confidence intervals due to limited
sample sizes or methodological differences).s

Our findings reveal distinct patterns in  symptom
prevalence and risk factors between the two groups, with
smoking status appearing to influence the overall clinical
presentation and susceptibility to COVID-19. Although,
smokers presented a more symptomatic clinical profile
(with a higher prevalence of practically all reported signs
and symptoms compared to non-smokers), traditional
comorbidities such as obesity, diabetes, and hypertension
did not increase the risk of COVID-19 within this group,
in contrast to non-smokers, where such associations were
significant. Therefore, this divergence suggests the
presence of differential risk profiles or potential residual
confounding related to access to testing, health-seeking
behaviour, or biological mechanisms. Moreover, our
population-based approach offers a more granular view
of mild and moderate COVID-19 cases in primary care,
in contrast fo most previous studies based in hospitals or
intensive care units, where patients already presented
with severe disease. This difference in case severity and
healthcare level can explain some of the differences
observed between our findings and those of other studies.
Additionally, our findings align with prior evidence
suggesting that tobacco use may exacerbate respiratory
conditions and amplify symptom severity, probably due
to altered native and adaptive immune responses.
Headache, cough, and myalgia were the most frequently
reported symptoms, followed by fever and sore throat.
Additionally, smokers reported higher rates of
respiratory symptoms such as dyspnoea, polypnoea, and
chest pain, as well as systemic manifestations like malaise
and chills. Although gastrointestinal symptoms such as
diarrhoea and abdominal pain were present in a
moderate proportion of smokers, where vomiting was
relatively uncommon. Interestingly, symptoms like
irritability and conjunctivitis were reported in over 10%
of smokers, while cyanosis was rare (<5%). In contrast,
non-smokers showed a slightly less intense clinical profile,
though still consistent with typical viral respiratory illness.
Fever was more prevalent in this group compared to

smokers, which may reflect differences in systemic
inflammatory responses. Common symptoms included
headache, cough, myalgia, arthralgia, sore throat, and
malaise, while diarrhoea, irritability, and conjunctivitis
were reported in over 10% of non-smokers, other
symptoms such as abdominal pain, vomiting, polypnoea,
and cyanosis were relatively uncommon (<10%). The
most plausible mechanism underlying the potential
increase in risk may involve the angiotensin-converting
enzyme 2 (ACE2) receptor, which is expressed in mucosal
epithelial cells and alveolar lung tissue and has been
identified as a key entry point for SARS-CoV-2.14-18
Notably, ACE2 gene expression is upregulated in
smokers (current and former), and COPD patients
compared to individuals who have never smoked.5 19
However, several studies have reported associations
between ACE2 polymorphisms and components of
metabolic syndrome (MetS) in populations from China
and Brazil.20: 2 In a southern Chinese population, the
minor alleles of ACE2 rs2074192 and rs2106809 were
significantly associated with increased risk of MetS in
women.2° These variants were also linked to obesity,
diabetes, and low HDL-cholesterolemia.20 Interestingly, in
men, the rs2074192 minor allele was associated with a
reduced prevalence of MetS and a decreased risk of
obesity and elevated triglyceride levels, suggesting a
gender-specific effect.20 Hence, these findings indicate
that rs2074192 and rs2106809 SNPs are independently
associated with MetS and could serve as predictive
biomarkers and potential molecular targets, although
part of the gender heterogeneity may be explained by
differences in obesity.20

In Brazil, a genetic association study explored ACE and
ACE2 polymorphisms.2! While no individual association
was found for either gene alone, a significant association
emerged when both polymorphisms were considered
jointly in women.2! Female carriers of the ACE DD
genotype and ACE2 G_ variants had an increased risk
of developing systemic arterial hypertension, with an
even stronger association in DD/GG carriers.?!
Additionally, the D allele of the ACE gene was associated
with altered lipid profiles, particularly elevated
triglycerides and VLDL-cholesterol levels (p = 0.01).2
One limitation of these studies is that they did not account
for environmental, lifestyle, or genetic differences
between populations, which may influence the observed
associations. This is particularly relevant given that, in our
study, we did not find an association between metabolic
factors, COPD, and COVID-19 among smoker patients,
despite the fact that increased expression of ACE2 has
been consistently reported in this population. This
apparent discrepancy may suggest that, although ACE2
expression is elevated in smokers, genetic variants such
as ACE2 rs2074192 and rs2106809—which have been
linked to components of metabolic syndrome—might
contribute differently to disease susceptibility depending
on sex, ethnicity, or the presence of other environmental
and lifestyle factors not captured in our analysis.

On the other hand, multivariate logistic regression
analysis revealed a broadly similar pattern of COVID-
19-associated factors across both populations. Several
signs and symptoms—such as fever, cough, dyspnoea,
chest pain, chills, myalgia, arthralgia, malaise,

© 2025 European Society of Medicine 7



rhinorrhoeq, polypnoea, and cyanosis—were positively
associated with COVID-19 in both smokers and non-
smokers. Conversely, symptoms such as irritability,
headache, abdominal pain, and conjunctivitis were
negatively associated with the disease. Llikewise, a
sudden onset of symptoms and a history of asthma,
immunosuppression, HIV /AIDS, or cardiovascular disease
were all associated with a lower likelihood of COVID-19.

Of particular interest, certain clinical characteristics and
comorbidities —including odynophagia, diarrhoeq,
vomiting, COPD, and CKD—showed no significant
association with COVID-19 in either group. However, in
smokers specifically, obesity, type 2 diabetes,
hypertension, and the number of comorbidities also
lacked association with COVID-19, in contrast to non-
smokers, where these conditions significantly increased
risk (except the number of comorbidities). These findings
may reflect differential pathophysiological interactions
between smoking-related chronic conditions and SARS-
CoV-2 infection. Furthermore, age demonstrated an
inverse association with COVID-19 risk across both
groups, suggesting younger individuals in this dataset
may have been more frequently diagnosed, potentially
due to surveillance or reporting bias.

On the other hand, vaccination emerged as a consistent
protective factor in both populations, reaffirming its
critical role in reducing susceptibility to COVID-19,
irrespective of smoking status. Interestingly, the number
of comorbidities was inversely associated with COVID-19
only in non-smokers, which may point to more cautious
behaviour or better adherence to preventive measures in
this subgroup.

From an epidemiological and public health standpoint,
the inclusion of a wider age range and the analysis of
primary care data allow for more representative
conclusions about the broader impact of tobacco use on
COVID-19 risk across the population. These insights are
crucial for policy development, particularly in countries
like Mexico, where the use of tobacco remains a major
modifiable risk factor and access to healthcare is
stratified by region and population group.

In terms of governance and public health planning, these
findings suggest that universal risk communication
strategies may not be sufficient, and that targeted
messaging considering age, smoking status, and local
epidemiological patterns may improve risk perception
and preventive behaviour. Furthermore, they reinforce
the importance of integrating primary care data into
national COVID-19 surveillance efforts, which has often
been underutilised in international comparisons.

Limitations of the study

This study has several limitations. First, as a cross-sectional
study comparing smokers and non-smokers, the groups
differed in size, although both were analysed using a
census sampling approach within the available
population. Our design restricts the ability to infer causal
relationships, but allows for the identification of
epidemiological associations that may serve as a basis
for future longitudinal or interventional studies.
Additionally, the observed differences in clinical

presentation between smokers and non-smokers may
reflect true biological variation, differences in gene-
population background on ACE2 expression, or biases
related to healthcare-seeking behaviour or data capture.

Importantly, although ACE2 expression is known to be
upregulated in smokers, we did not find a significant
association between metabolic factors and COVID-19 in
this subgroup, contrasting with genetic studies that link
ACE2 polymorphisms to metabolic syndrome components.
This apparent discrepancy underscores the complexity of
gene-environment interactions and highlights the need for
multicenter studies that integrate clinical, genetic, and
environmental data to better understand the role of
smoking in COVID-19 pathophysiology.

Conclusions

These findings underscore the importance of considering
smoking status when evaluating clinical presentation and
risk profiles for COVID-19. The differences observed
between smokers and non-smokers highlight the need for
tailored public health messaging and clinical
management strategies, especially in populations with
high tobacco use.

Therefore, while both groups shared a core set of
prevalent symptoms—such as headache, cough, and
myalgio—smokers consistently exhibited a higher
frequency of nearly all clinical manifestations, suggesting
a more symptomatic or severe clinical profile. Moreover,
the observed divergence in associated factors—
particularly the lack of association between common
comorbidities (e.g., obesity, hypertension, diabetes) and
COVID-19 among smokers—points to potentially distinct
biological or behavioural pathways influencing disease
susceptibility and progression.

From an epidemiological perspective, these findings
underscore the necessity of stratified analyses by
smoking status in future surveillance and research efforts.
Failure to account for such differences may obscure
relevant associations or generate misleading conclusions
regarding risk and symptomatology. In terms of public
health, recognising that smokers may present with a
broader and more intense range of symptoms is vital for
early detection, triage, and targeted intervention
strategies, especially in the context of respiratory viral
outbreaks. Likewise, the differential risk profiles
observed call for tailored preventive and therapeutic
approaches that consider individual-level exposures such
as tobacco use. For public policy, the evidence reinforces
the urgent need to prioritise smoking cessation as a
fundamental component of pandemic preparedness and
chronic disease management. Public health campaigns
and clinical guidelines should incorporate smoking status
not only as a risk factor but also as a determinant of
symptom severity. In the context of governance, these
findings advocate for stronger intersectoral coordination
between epidemiological intelligence, health promotion,
and regulatory frameworks. Moreover, policies that
integrate behavioural health with communicable disease
control can enhance health system resilience, equity, and
responsiveness, particularly in settings where tobacco
consumption remains high. What is more, differentiating
COVID-19 patterns by smoking status is not only clinically
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relevant but also essential for informed epidemiological
modelling, effective public health action, evidence-based
policymaking, and integrated health governance.
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