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Abstract

Background: Smoking in young adults may negatively affect respiratory health, whereas physical activity could help preser-
ve lung function. However, evidence regarding this relationship among university students who smoke remains limited.
Objective: The aim of this study was to compare lung function and perceived respiratory symptoms among university students
who smoke, based on their level of physical activity (PA) and sex. Materials and methods: The sample consisted of 22
university students (11 women and 11 men), divided into 9 active and 13 sedentary individuals. The measurement of respi-
ratory symptom perception and lung function was conducted using the Saint George Respiratory Questionnaire (SGRQ) and
spirometric values through forced spirometry with a portable chronic obstructive pulmonary disease 6 spirometer. Sedentary
students reported greater perceived respiratory symptom impact, with significantly higher scores in the impact dimension of
the SGRQ, whereas differences in the total score did not reach statistical significance. No statistically significant differences
were observed between active and sedentary participants in spirometric parameters or 6-min walk distance. Results: Women
showed higher scores in the activity dimension of the SGRQ and significantly lower spirometric values compared with men.
Overall, only weak or moderate associations were observed between perceived respiratory symptoms and objective measu-
res of pulmonary function. Conclusions: In conclusion, in this sample of young smokers with low cumulative tobacco expo-
sure, perceived respiratory symptoms and pulmonary function showed limited correspondence, and PA level did not emerge
as an independent predictor of objective respiratory outcomes. Spirometric assessment appears to provide a more objecti-
ve evaluation of respiratory health than self-reported symptom questionnaires in this population.

Keywords: Chronic obstructive pulmonary disease. Lung function. Physical activity. Physical exercise. Tobacco. Young adults.

Resumen

Antecedentes: E/ tabaquismo en adultos jovenes puede afectar negativamente a la salud respiratoria, mientras que la ac-
tividad fisica podria contribuir a preservar la funcion pulmonar; sin embargo, existe escasa evidencia sobre esta relacion en
estudiantes universitarios fumadores. Objetivo: El objetivo de este estudio fue comparar la funcion pulmonar y la percepcion
de los sintomas respiratorios en estudiantes universitarios fumadores, en funcion de su nivel de actividad fisica y del sexo.
Materiales y métodos: La muestra estuvo compuesta por 22 estudiantes universitarios (11 mujeres y 11 hombres), divididos
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en 9 individuos activos y 13 sedentarios. La medicion de la percepcion de los sintomas respiratorios y de la funcidn pulmo-
nar se llevd a cabo utilizando el Cuestionario Respiratorio de Saint George (SGRQ) y valores espirométricos mediante es-
pirometria forzada con un espirdmetro portatil COPD 6. Los estudiantes sedentarios informaron un mayor impacto percibido
de los sintomas respiratorios, con puntuaciones significativamente mds altas en la dimension de impacto del SGRQ, mientras
que las diferencias en la puntuacion total no alcanzaron significacion estadistica. No se observaron diferencias estadistica-
mente significativas entre los participantes activos y sedentarios en los pardmetros espirométricos ni en la distancia reco-
rrida en la prueba de marcha de seis minutos. Resultados: Las mujeres mostraron puntuaciones mas altas en la dimension
de actividad del SGRQ y valores espirométricos significativamente mas bajos en comparacion con los hombres. En general,
solo se observaron asociaciones débiles o moderadas entre los sintomas respiratorios percibidos y las medidas objetivas
de la funcidén pulmonar. Conclusiones: En conclusion, en esta muestra de fumadores jovenes con baja exposicion acumu-
lada al tabaco, los sintomas respiratorios percibidos y la funcion pulmonar mostraron una correspondencia limitada, y el
nivel de actividad fisica no emergié como un predictor independiente de los resultados respiratorios objetivos. La evaluacion
espirométrica parece proporcionar una valoracion mas objetiva de la salud respiratoria que los cuestionarios de sintomas

autoinformados en esta poblacidn.

Palabras clave: EPOC. Funcion pulmonar. Actividad fisica. Ejercicio fisico. Tabaco. Adultos jovenes.

Introduction

Smoking is considered one of the preventable pan-
demics of the 20 and 215! centuries, having claimed
over 60 million lives in the past 70 years.! Although the
number of male and female smokers has significantly
decreased in Spain since 1987, the figures remain alar-
ming (almost 20% of the total population), with varia-
tions in smoking prevalence among different
communities, especially among women.? In addition, it
is known that the average age for starting smoking is
14.1 years,® with tobacco industry marketing being the
major factor for this early initiation. The industry views
the initiation of smoking as a process introduced during
adolescence to promote consumption among young
adults.* Given that smoking starts at a very young age,
cigarette consumption among young adults has recei-
ved considerable attention in recent years, particularly
among university students.® In this regard, although
students who exercise tend to smoke less, smoking
among university students remains high and is closely
linked to the onset of numerous lung diseases, such as
chronic obstructive pulmonary disease (COPD).6 The
main reasons given by this population for starting smo-
king during university are the relief provided by smo-
king in a period marked by stress, or for social and
entertainment reasons.®

As highlighted, one of the major issues related to
smoking is the onset of COPD, a disease characterized
by an accelerated decline in lung function,” and one of
the most significant chronic diseases in Spain due to
the high prevalence of smoking.? This disease, in addi-
tion to being associated with reduced exercise capa-
city, correlated with functional impairment and airway

obstruction, presenting symptoms such as wheezing,
dyspnea, cough, and chest tightness.® This is mainly
due to prolonged exposure to tobacco smoke, which
triggers the release of inflammation-related cells and
other inflammatory mediators from smooth muscle epi-
thelial cells, initiating the inflammatory process.!%"?
Although it is well-known that the most direct approach
to reducing the risk of contracting this disease is elimi-
nating smoking, numerous studies have shown the
association between physical activity (PA) and impro-
ved lung function,”® and consequently, COPD."*6 A
study by Holmen et al.'” aimed at observing the rela-
tionship between PA and improved lung capacity in a
sample of non-smoking adults demonstrated that as PA
gradually increased, so did various representative
values of airflow obstruction, such as forced expiratory
volume in one second (FEV1).

Furthermore, scientific evidence demonstrates the
non-pharmacological effect of reqular physical exercise
in reducing lung-related diseases,'® decreasing inflam-
matory factors through the activation of anti-inflam-
matory signaling pathways.” This anti-inflammatory
property of physical exercise improves pulmonary reha-
bilitation, reducing both the symptoms related to respi-
ratory diseases and their severity, thus increasing
endurance, strength, and the quality of life of affected
individuals." In a study by Kriiger et al.,?° which aimed
to observe the benefits of therapeutic exercise on
inflammation caused by tobacco smoke exposure, it
was shown that the applied intervention program was
beneficial in providing a protective function for subjects
exposed to tobacco smoke over a long period, due to
the immunoregulatory effects of physical exercise and
its role in mitigating the harmful effects of smoking.
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Table 1. Statistical descriptive. Quantitative variables

I I S T S S F
Age 21 21 1.56 19 24 22

Height 170.4 170
Weight 67.5 67.5
BMI 22.6 22.1
Years of smoking 4.08 35

8.9 150 189 22
13.97 42 92 22
3.26 17.7 29.4 22
1.99 1.1 8 22

*Std. Dev.: standard deviation of the variable; BMI: body mass index; n: number of subjects.

Regarding COPD and the loss of lung function cha-
racteristic of the disease, it is known that it occurs more
rapidly in the early stages of the disease. Therefore,
early detection is crucial, allowing for the early initiation
of treatments and strategies to reduce complications
caused by the disease.?' It is common for the diagnosis
of this disease, based on detecting a poorly reversible
airway obstruction, to use both clinical data (considering
the perception of symptoms associated with the disease)
and forced spirometry data.??> However, due to the diffi-
culty in performing the test and possible inconveniences
for patients, conventional spirometry is not commonly
used today. Instead, portable devices that quickly obtain
FEV1, forced expiratory volume in six seconds (FEV6),
and their ratio (FEV1/FEV6) are often used, making
them especially useful for diagnosing lung function
impairments in non-specialized settings.?3

Another common method for diagnosing COPD s
evaluating exercise capacity through submaximal aero-
bic endurance tests, such as the six-minute walk test
(6MWT), validated by Cheng et al.>* By performing this
test, it can be observed that when comparing healthy
individuals with COPD patients, the former group shows
better results than the latter.?® The importance of this
test lies in the difference in distance covered during the
test, as exercise capacity in COPD patients can be
limited by the characteristic respiratory symptoms of
the disease before reaching cardiovascular limits.?5:27

Therefore, considering the scientific evidence suppor-
ting the benefits of regular PA, the detrimental effects
of smoking among university students, and the lack of
evidence on the relationship between smoking and PA
in this population, this study aims to compare lung
function and perceived respiratory symptoms in univer-
sity students who smoke based on their level of PA.

Methodology

This study complies with the Declaration of Helsinki
for research involving human subjects and was

approved by the Ethics Committee of the European
University of the Atlantic (Spain) (ID: CEI16/2024). The
cross-sectional study, conducted from March to April
2024, used a snowball sampling method to recruit par-
ticipants through the university’s platforms. All partici-
pants read the study information and gave their consent
to participate by clicking on the first page of the survey
(first part of the study). For the second part of the study,
the principal recruiter contacted the participants who
had previously given their consent and provided their
personal data for this purpose.

Participants

The sample consisted of a total of 22 university stu-
dents, 11 women and 11 men, from the autonomous
community of Cantabria, divided into 9 in the active
group (AG) and 13 in the sedentary group (SG). The
inclusion criteria for participation in the study were:
Being a university student, being between 18 and 29
years old, regularly consuming tobacco, and not having
any associated chronic or respiratory pathologies.

Variables and instruments

Participants were previously informed about the
study’s objectives, the ethical nature of the research,
and the anonymous treatment of the data following the
guidelines of the Declaration of Helsinki.

First, the participants were given a questionnaire that
included, in the first part, questions related to self-de-
veloped categorical variables concerning sex, age, and
height (for the subsequent calculation of body mass
index [BMI]), degree, number of years of smoking, and
weekly cigarette consumption, categorized as very low
(1-5 cigarettes), low (6-10), medium (11-15), high (16-
20), or very high (21 or more). Descriptive statistics for
these variables are presented in Tables 1 and 2.



Table 2. Statistical descriptive. Qualitative variables

Gender
Male 1" 50.0
Female 1" 50.0
Physical activity level
Active 9 40.9
Sedentary 13 59.1
Bachelor
Audiovisual communication 1 45
Physical activity and sport sciences 10 455
Chemical engineering 1 45
Applied languages 1 45
Education 1 45
Human nutrition and dietetics 2 9.1
Psicology 5 22.7
Advertising and public relations 1 45
Tobacco consumption
Very high (21-25) 1 45
High (16-20) 1 45
Moderate (11-15) 2 9.1
Low (6-10) 6 213
Very low (1-5) 12 54.5

n: number of subjects; %: percentage of total subjects.

Cumulative smoking exposure was quantified using
pack-years, calculated as (cigarettes per day/20) x
years smoked. When cigarette consumption was recor-
ded in categories, the midpoint of each category was
used to estimate daily cigarette intake (1-5—3; 6-10—38;
11-15-13; 16-20—>18; 21-25—23 cigarettes/day).

In addition, this form included the International PA
Questionnaire to divide the study participants into
active or SGs,?® considering the World Health
Organization’s weekly PA recommendations.?® For the
second part of the questionnaire, related to respiratory
symptoms and consisting of metric variables, the Saint
George Respiratory Questionnaire (SGRQ), specific to
respiratory health, was used. This questionnaire is vali-
dated for the general population and provides scores,
in addition to the total score, on the perception of res-
piratory symptoms in different subscales: symptoms
(frequency and severity of symptoms), activity

(limitation of daily or sports activities due to dyspnea),
and impact (psychological and social functioning
impairments).° To calculate the perception of respira-
tory symptoms for the subjects, both the total score and
the three subscales into which the tool is divided, the
scoring algorithm available in the SGRQ mobile appli-
cation was used. Scores are expressed as a percen-
tage of overall impairment, where 100 represents the
worst possible health status and 0 the best.®!

Second, different physiological tests were conducted
on the participants. The tests were performed in the
following order: evaluation of respiratory function
through forced spirometry using a portable COPD 6
spirometer (Vitalograph, London, UK), validated for
detecting airway obstruction in comparison to conven-
tional spirometry by Represas et al.?® The variables
resulting from this test are the volume of air exhaled
during the first second of the forced vital capacity
expressed in liters (FEV1), the FEV6, and the ratio
between them (FEV1/FEV6). The test was conducted
following the procedure of Rosero-Arenas et al.®?

The evaluation of exercise capacity was measured
through the 6MWT, following the recommendations of
Gochicoa-Rangel et al.3® and using the distance cove-
red in meters during the test as a reference. This test,
a predictor of mortality that expresses an individual’s
ability to perform at submaximal intensities, has been
validated by Cheng et al.?*

Data analysis

Given that the objective of this study is to compare
pulmonary function and perceived respiratory symp-
toms in smoking university students based on their
level of PA (and other variables of interest), the following
analyses were conducted.

First, a correlation matrix was created to examine the
pairwise relationships between the main quantitative
variables, with a particular focus on exploring the rela-
tionship between the perception of respiratory symp-
toms and measured pulmonary function.

Second, a mean difference test was performed to
determine if there are significant differences in both
respiratory symptoms (SGRQ) and pulmonary function
(spirometric values and 6MWT) between physically
active and inactive subjects. For respiratory symptoms,
the alternative hypothesis used, considering the range
of variable values, was: H,: U,crve < Msepentary Which
can be interpreted as respiratory symptoms being lower
in active subjects. On the other hand, the hypothesis
test for variables related to pulmonary function was: H,:
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Table 3. Matrix of correlations between perception of respiratory symptomatology and measured lung function

Symptoms (%) | Activities (%) | Impact (%) mm FEV1/FEV6 | 6MWT distance
1.00

% Symptoms

% Activities 0.09 1.00
% Impact 0.78" 0.32 1.00
% Total 0.70° 0.72 0.88"
FEV1 0.05 -0.38 -0.14
FEV6 0.02 -0.22 -0.19
FEV1/FEV6 0.13 -0.48 0.04
6MWT distance -0.19 -0.14 -0.17
*n < 0.05.
'p < 0.001.

1.00

-0.26 1.00

-0.21 0.92 1.00

-0.20 0.46* 0.07 1.00

-0.08 0.20 0.20 0.07 1.00

FEV1: forced expiratory volume in one second; FEV6: forced expiratory volume in six seconds; BMWT: Six-minute walk test.

Hactive > MsepenTary: P@sed on the plausible assumption
that pulmonary function is higher in active subjects.
The test statistics considered were both parametric
(t-test) and non-parametric (Welch’s test and Mann-
Whitney U test) to enhance the robustness of the
results.

Third, analysis of variance (ANOVA) tables were
constructed for the variables of interest, considering two
classification groups: levels of PA (active/sedentary) and
sex (male/female). The purpose of this analysis is to
jointly compare whether the behavior between the
groups differs in respiratory symptoms and pulmonary
function.

In addition, cumulative smoking exposure (pack-
years) was examined as a potential confounding varia-
ble. Normality of pack-years was assessed using the
Shapiro-Wilk test. Given the non-normal distribution of
this variable (p < 0.001), differences in cumulative smo-
king exposure across PA levels were analyzed using
the Kruskal-Wallis test.

Finally, a regression analysis was performed using a
generalized fixed-effects model. These models are
used to capture the average variability between diffe-
rent levels of grouping. Similar to the ANOVA table, this
model includes categorical variables for the level of PA
and sex as predictors, as well as the interaction effect
between both factors. The model used is represented
by equation (1): Y; = B, + B, (Levely,), + B, (Sex), + B,
(Level,,), x (Sex), + ¢, where i=1, ..., 22,and j=1, ...,
8, (1), where Yij is the dependent variable, and the
subscript j denotes each of the eight quantitative varia-
bles included in the study to capture respiratory symp-
toms and pulmonary function. (Level,,), is the binary
variable representing the PA level of the subject, (Sex),

is also a dichotomous variable denoting sex, and
(Level,,), x (Sex), represents the interaction effect.
Finally, B, is the constant term, and ¢, is the error term.

The validation measures for model (1) are the coeffi-
cient of determination (R?), which explains the percen-
tage of variance explained by the model, and the global
significance test, showing the F-statistic and its p-value.
The statistical analysis was conducted using version
4.41 of the free software R.

Results

The correlation matrix shown in Table 3 reveals gene-
rally weak relationships between perceived respiratory
symptoms and measured pulmonary function. Strong
correlations were observed among SGRQ dimensions,
particularly between impact and total scores (r = 0.88,
p < 0.001). Among physiological variables, FEV1 and
FEV6 were strongly correlated (r = 0.92, p < 0.001). A
moderate inverse correlation was observed between
the FEV1/FEV6 ratio and the activity dimension of the
SGRQ (r = -0.48, p < 0.05), indicating lower perceived
activity-related symptoms with higher ventilatory ratios.
No significant correlations were observed between
6MWT distance and perceived respiratory symptoms
or spirometric variables.

Cumulative smoking exposure, expressed as pack-
years, showed a non-normal distribution (Shapiro-Wilk
p < 0.001). As shown in Table 1, the mean cumulative
exposure was 1.6 + 1.95 pack-years. No significant
differences in pack-years were observed across PA
levels (Kruskal-Wallis ¥2(2) = 1.26, p = 0.531, €2 = 0.06),
indicating comparable smoking intensity among active
and sedentary participants.



Table 4. Contrast of the mean difference of SGRQ respiratory symptom perception.

I N N T S N KTy

Symptoms (%)

Active 9 19.34 11.82 0.37 0.37 0.47
Sedentary 13 21.08 12.67

Activities (%)
Active 9 14.13 9.89 0.22 0.21 0.39
Sedentary 13 18.59 15.06

Impact (%)
Active 9 3.88 5.96 0.07* 0.07* 0.05
Sedentary 13 8.30 7.19

Total (%)
Active 9 9.55 5.41 0.1 0.10* 0.11
Sedentary 13 13.54 8.43

Ha M active < Msedentary
*p<0.1.
p < 0.05.

SGRQ: Saint George respiratory questionnaire; Std. Dev.: standard deviation.

Table 5. Contrast of the mean difference of physiological variables

IS N N T N T T

FEV1
Active 9 3.56 0.76
Sedentary 13 3.58 1.09
FEV6
Active 9 4.38 0.90
Sedentary 13 4.03 1.06
FEV1/FEV6
Active 9 0.82 0.09
Sedentary 13 0.88 0.08
6MWT distance
Active 9 572 93.1
Sedentary 13 648 118

H, uActive > p Sedentary.

0.53 0.53 0.50
0.21 0.21 0.25
0.96 0.96 0.96
0.95 0.94 0.95

FEV: forced expiratory volume; BMWT: Six-minute walk test; Std. Dev.: standard deviation.

Regarding perceived respiratory symptoms (Table 4),
sedentary participants reported higher mean scores
across all SGRQ dimensions. Statistically significant
differences were observed in the impact dimension,
with higher values in sedentary students (8.30 + 7.19%)
compared with those of active students (3.88 + 5.96%;
p = 0.05, Mann-Whitney U). The total SGRQ score was
also higher in the SG (13.54 + 8.43% vs. 9.55 + 5.41%),

although this difference did not reach conventional
levels of statistical significance.

With respect to physiological variables (Table 5), no
statistically significant differences were observed
between active and sedentary participants in forced
spirometry parameters. Mean FEV1 values were 3.56
+ 0.76 L in active students and 3.58 + 1.09 L in seden-
tary students, whereas mean FEV6 values were 4.38
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Table 6. ANOVA table of symptoms and respiratory physiological variables for PA level and gender groups

Symptoms (%) Active Male 17.00 0.80
Female 21.20
Sedentary Male 24.30
Female 17.30
Activities (%) Active Male 12.20 0.32 0.07*
Female 15.70
Sedentary Male 10.90
Female 27.50
Impact (%) Active Male 4.32 0.17 0.99
Female 3.53
Sedentary Male 7.96
Female 8.70
Total (%) Active Male 8.82 0.22 0.41
Female 10.10
Sedentary Male 11.60
Female 15.80
FEV1 Active Male 419 0.73 < 0.001"
Female 3.05
Sedentary Male 433
Female 2.72
FEV6 Active Male 5.05 0.16 < 0.001"
Female 3.84
Sedentary Male 4.68
Female 3.26
FEV1/FEV6 Active Male 0.83 0.08* 0.08*
Female 0.81
Sedentary Male 0.93
Female 0.83
6MWT Active Male 650.00 0.13 0.87
Female 646.00
Sedentary Male 577.00
Female 564.00
*p<0.1.
'p < 0.001.

FEV1: forced expiratory volume in one second; FEV6: forced expiratory volume in six seconds; 6MWT: Six-minute walk test; ANOVA: analysis of variance; PA: physical activity.

+0.90 L and 4.03 = 1.06 L, respectively. The FEV1/
FEV6 ratio was slightly lower in active participants
(0.82 + 0.09) compared with sedentary participants
(0.88 + 0.08), without statistical significance. Similarly,
no significant differences were observed in functional

capacity, with mean 6MWT distances of 572 + 93 m
in active students and 648 = 118 m in sedentary
students.

The two-way ANOVA results are presented in Table 6.
No statistically significant main effects of PA level were



Table 7. Fixed effects model

S S S TSy

Symptoms (%) Constant 19.96 <0.001"
PA Level 1.70 5.48 0.76
Gender -1.44 5.48 0.80
PA Level x Gender -11.14 10.96 0.32
0.07

F-test 0.45 0.72

Activities (%) Constant 16.59 261 < 0.001"
PA Level 5.29 5.22 0.32
Gender 10.02 5.22 0.07*
PA Level x Gender 13.16 10.45 0.22
0.28

F-test 2.37 0.10

Impact (%) Constant 6.13 1.54 < 0.001"
PA Level 4.40 3.08 0.17
Gender -0.02 3.08 0.99
PA Level x Gender 1.53 6.17 0.81
0.1

F-test 0.71 0.56

Total (%) Constant 11.59 1.64 <0.001"
PA Level 4.23 3.29 0.22
Gender 2.79 3.29 0.41
PA Level x Gender 2.95 6.57 0.66
0.13

F-test 0.86 0.48

FEV1 Constant 3.57 0.14 < 0.001"
PA Level -0.10 0.28 0.73
Gender -1.38 0.28 <0.001"
PA Level x Gender -0.47 0.56 0.41
0.60

F-test 9.09 < 0.001

FEV6 Constant 421 0.16 < 0.001"
PA Level -0.47 0.33 0.16
Gender -1.32 0.33 < 0.001"
PA Level x Gender -0.20 0.65 0.76
0.51

(Continues)
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Table 7. Fixed effects model (Continued)

I S = S TS Ay
6.24 0.00

F-test
FEV1/FEV6 Constant
PA Level
Gender
PA Level x Gender
0.35
F-test 3.26
6MWT Constant
PA Level
Gender
PA Level x Gender
0.126
F-test 0.867
*p<0.1.
< 0.01.

0.85 0.02 < 0.0017
0.06 0.03 0.08*
-0.06 0.03 0.08*
-0.07 0.07 0.27
0.05
563.70 48.90 < 0.001"
82.69 66.20 0.227
13.29 62.30 0.833
-9.68 99.20 0.923
0.476

FEV1: forced expiratory volume in one second; FEV6: forced expiratory volume in six seconds; 6MWT: Six-minute walk test; PA: physical activity.

observed for perceived respiratory symptoms, spirome-
tric variables, or BMWT distance.

Gender-related differences were more pronounced for
spirometric outcomes. Men showed significantly higher
mean values for FEV1 and FEV6 compared with women
(p < 0.001 in both cases). For the activity dimension of the
SGRQ, women exhibited higher mean scores than men,
with a non-significant trend observed for gender (p = 0.07).

For the FEV1/FEV® ratio, non-significant trends were
observed for both PA level and gender (p = 0.08 in both
cases). No significant interaction effects were identified
for any outcome.

Fixed-effects regression models including PA level,
gender, and their interaction were estimated for percei-
ved respiratory symptoms and physiological variables
(Table 7).

For perceived respiratory symptoms, PA level was
not independently associated with any SGRQ dimen-
sion after adjustment for gender and the interaction
term. For the activity dimension of the SGRQ, higher
values were observed in women compared with men
(B = 10.02, p = 0.07), whereas no independent asso-
ciations were observed for the symptoms, impact, or
total SGRQ scores. The interaction between PA level
and gender was not statistically significant for any
SGRQ dimension, and the global model tests did not
reach statistical significance.

Regarding pulmonary function, gender was indepen-
dently associated with spirometric outcomes. Lower
values were observed in women for FEV1 (B = -1.38,
p < 0.001) and FEV6 (B = -1.32, p < 0.001). PA level
and the interaction term were not independently asso-
ciated with these variables. For the FEV1/FEV6 ratio,
PA level (3 = 0.06, p = 0.08) and gender ( = -0.06,
p = 0.08) were not statistically significant predictors,
and the interaction term was not significant. The global
model test for this outcome was at the threshold of
statistical significance (F = 3.26, p = 0.05), with an
explained variance of R? = 0.35.

In the regression model for functional capacity, PA
level (B = 82.69, p = 0.227), gender (B = 13.29, p =
0.833), and their interaction (B = -9.68, p = 0.923) were
not independently associated with 6MWT distance. The
explanatory power of this model was limited (R? =
0.126), and the global model test did not reach statisti-
cal significance (F = 0.867, p = 0.476).

Discussion

The objective of this study was to compare pulmo-
nary function and perceived respiratory symptoms in
smoking university students based on their level of PA
and gender. Considering this, and following the analy-
sis conducted: First, the study observed significant
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differences both in the category related to the impact
of respiratory symptoms from the SGRQ questionnaire
and in its total score, with higher averages for the group
of university students who do not engage in PA com-
pared to those who do.

In addition, no statistically significant differences
were observed in the distance covered during the
6MWT test between active and sedentary participants.
Although the AG showed a tendency to cover greater
distances, this difference did not reach statistical sig-
nificance. Therefore, while sedentary students reported
worse perceived respiratory symptoms, this was not
accompanied by significant differences in pulmonary
function or functional exercise capacity. These findings
suggest that the relationship between PA and objective
pulmonary capacity may be less evident in young
smokers, despite the well-established association
between regular exercise and improved physical con-
dition and respiratory efficiency.34

The data from this study, while focusing on perceived
symptoms and exercise capacity, are consistent with
findings by Garcia-Aymerich et al.,3 who followed a
group of smokers for 19 months, identifying those who
maintained an active lifestyle and finding that their for-
ced spirometry results were better compared to those
who did not maintain an active lifestyle. However, in the
present study, conducted in young smokers with low
cumulative tobacco exposure, no statistically significant
differences were observed in forced spirometry para-
meters according to PA level. Thus, although scientific
evidence supports the benefits of regular PA on pulmo-
nary function, the present findings suggest that these
effects may be less evident at early stages of tobacco
exposure, primarily due to the negative effects of
sedentary behavior, which cause significant physiolo-
gical changes, accelerating pulmonary function dete-
rioration and increasing the risk of developing
respiratory diseases.%6-3

Specifically, regarding the 6MWT, it is known that the
distance covered can be related to the risk of hospita-
lizations, exacerbations, mortality, and survival in
COPD.44! In the present study, although active parti-
cipants showed higher mean values in the 6BMWT com-
pared to sedentary participants, these differences did
not reach statistical significance. Other studies, such
as Ben Cheikh Rejbi et al.? have observed that patients
without pathologies cover a greater distance compared
to patients diagnosed with COPD. Although the varia-
bles analyzed in this study do not account for whether
participants engage in exercise, it could be important

for interpreting results since the primary cause of
COPD is tobacco consumption.*? Therefore, the
absence of significant differences in the 6MWT in this
young smoking population may reflect an early stage
of functional impairment, in which differences related
to PA are not yet clearly detectable, in contrast to fin-
dings reported in clinical populations such as those
described by Ben Cheikh Rejbi et al.?®

On the other hand, the tendency toward lower per-
formance in the 6BMWT test among sedentary smokers,
although not statistically significant in the present study,
might be related to alterations in walking patterns aimed
at minimizing energy expenditure and maintaining lower
limb stability, similar to what has been described in
patients diagnosed with COPD.*® It has been shown
that COPD patients exhibit various clinical features,
including reduced lower limb muscle strength** and
impaired balance,* which affect walking patterns
during the 6MWT test in both healthy smokers and
those with COPD.*6

Second, regarding gender-related differences in the
average percentage of the activity dimension of the
SGRAQ and in the spirometric variables analyzed (FEV1,
FEV6, and FEV1/FEV6), a tendency toward higher
values was observed in women for the activity dimen-
sion of the SGRQ, while statistically significant differen-
ces were identified in spirometric variables, particularly
FEV1 and FEV6. Although there are no significant diffe-
rences between men and women when considering the
variable related to PA, women consistently exhibited
lower pulmonary capacity as measured by the portable
spirometer. This behavior shows that, regardless of
exercise, women’s pulmonary capacity is lower than
men’s, and it may also be lower if women are seden-
tary. The results suggest that women who perceive
worse respiratory health may be more susceptible to
tobacco use, largely due to the smaller size of their
airways.*” Furthermore, the spirometric values, also
lower in women, indicate that men have greater inspi-
ratory muscle strength compared to women, mainly due
to differences in weight and height between sexes, and
consequently, differences in bronchial number, alveolar
surface area, and airway diameter.*®

Regarding spirometric variables, the data from this
study align with findings from other studies, which
highlight that men have greater expiratory flow than
women.*®5% and that women have smaller airways and
lung volumes, resulting in lower expiratory flow values.5!

Finally, in general terms, the results of this study did
not reveal consistent correlations between perceived
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respiratory symptoms and pulmonary function measu-
red by spirometric tests and the BMWT test. Only a
moderate inverse association was observed between
the FEV1/FEV6 ratio and the activity dimension of the
SGRQ, while no significant correlations were identified
for the remaining variables. Therefore, spirometric
measurements seem to be more effective in analyzing
respiratory health, similar to COPD diagnosis.®?
However, the issue of performing these maneuvers by
non-expert professionals has been addressed, showing
that FEV6 represents a reliable and valid indicator for
detecting obstructive airway changes.®

Conclusions

The results obtained do not show a strong or consis-
tent correlation between pulmonary function and per-
ceived respiratory symptoms in smoking individuals
according to their level of PA. However, the findings
highlight differences in perceived respiratory symptom
impact and gender-related differences in pulmonary
function, underscoring the importance of considering
lifestyle factors in respiratory health, even in young
smokers.

In addition, the negative effect of tobacco use, parti-
cularly evident in women through lower spirometric
values, suggests that PA may play a complementary
role in this population. Finally, when assessing pulmo-
nary function in smokers, it seems more acceptable to
use spirometric variables and/or pulmonary capacity
tests compared to self-reported respiratory health
questionnaires.

Limitations of the study

Regarding the limitations of the study, it is important
to consider the relatively young age of the sample,
which may account for the lack of significant differen-
ces in many of the analyzed variables. Another impor-
tant limitation is the sample size, which is relatively
small and therefore limits the statistical power and
generalizability of the findings. Furthermore, the low
cumulative exposure to tobacco observed in this
population may have reduced the ability to detect
objective alterations in lung function or exercise
capacity.
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