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Abstract

Purpose To investigate the longitudinal changes in lung function of sedentary middle-aged workers over a 16-week com-
bined exercise training program.

Methods Thirty-six sedentary workers (53.70 4+ 6.92 years old) were randomly allocated to either a combined aerobic and
resistance training program (n=18) or a control group (n=18). Lung function was evaluated through spirometry using a
portable flow spirometer (Spiropalm 6MWT, Cosmed, Italy). Predicted percentages of forced vital capacity (FVC), forced
expiratory volume in the first second (FEV,), FEV /FVC ratio, and mean forced expiratory flow between 25 and 75% of
exhaled FVC (FEF,5_;5) were analyzed. Assessments were performed at baseline (M1), after 8-week (M2) and 16-week
follow-up (M3). The changes in lung function were analyzed using the Latent Growth Curve Modeling that estimated inter-
individual and intraindividual growth paths.

Results Smoking status revealed a significant effect on lung function growth with significant paths to intercept and slope
for all models in both groups. The exercise group participants who are non-smokers revealed higher increases in FVC%
(p=.22), FEV % (f=.08), FEV /FVC% ratio (f=.19), and FEF,s ;5% (f#=.06) compared to those who are smokers from M1
to M3. The control group revealed a lower growth in lung function from M1 to M3, with a lower slope observed in smokers
compared to non-smokers for FVC% (f=—.44), FEV % (f=—.41), FEV,/FVC% (f=—.98), and FEF,5_,5% (f=—.52).
Conclusion Our findings suggest that a 16-week combined training program is an effective strategy to improve lung function
among sedentary workers, with a higher magnitude of improvement for non-smokers compared to smokers.

Trial registration Clinicaltrials.gov, NCT04868240. Registered April 30, 2021.
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Introduction

Communicated by I. Mark Olfert.

Poor lung function, characterized by reduced forced vital
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capacity (FVC) and forced expiratory volume in the first sec-
ond (FEV)), is associated with several major health issues,
such as chronic lung disease prevalence (i.e., asthma and
chronic obstructive pulmonary disease [COPD]) (Buist et al.
2007), lung cancer (Mannino et al. 2003), cardiovascular
diseases (Silvestre et al. 2018), and predicts all-cause mor-
tality (Sarycheva et al. 2022). Endogenous factors includ-
ing age, sex, body size, and early life exposures are known
to be the main determinants of lung capacity (Benadjaoud
et al. 2019; Bui et al. 2018). According to previous evi-
dence, above the age of 25 years, FEV, typically declines
in healthy non-smokers by 30 mL per year (Oelsner et al.
2020). Chronic cigarette smoking is clearly a major cause
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of accelerated airway obstruction (Postma et al. 2015), with
smokers presenting a significantly steeper decline in lung
function across adulthood compared to non-smokers (Oels-
ner et al. 2020). However, other modifying risk factors may
influence the lung function decline. Previous cross-sectional
analysis showed that sedentary behavior is inversely associ-
ated with FEV, and FVC both in current and never smok-
ers, representing an important threat to respiratory health
(Benadjaoud et al. 2019; Dogra et al. 2018).

In contrast, physical activity (PA) might positively modu-
late the immune system and can be a protective factor in lung
function decline (Dogra et al. 2018; O’Donovan and Hamer
2018). The longitudinal results from the “Canadian Longi-
tudinal Study on Aging” demonstrate that self-reported PA
was associated with higher FVC and FEV, regardless of
smoking status in adults without respiratory diseases (Dogra
et al. 2018). Likewise, “The English Longitudinal Study of
Aging” demonstrated that healthy community-dwelling
adults who remained physically active or became active,
maintained, or improved their lung capacity (O’Donovan
and Hamer 2018). Importantly, studies suggest that the
association between lung function and PA might depend
on smoking history (Benadjaoud et al. 2019; Luzak et al.
2017). Despite this observational evidence, experimental
research on the effects of a supervised exercise intervention
on the lung function of middle-aged adults without respira-
tory diseases and their relationship with smoking status is
scarce and remains unclear. A study (Tartibian et al. 2023)
observed that a 6-week home-based combined aerobic and
resistance exercise program was effective in improving FVC,
FEV,, FEV /FVC ratio, and the mean forced expiratory flow
between 25 and 75% of exhaled FVC (FEF,5_;5) parameters
compared to the control group. According to the authors, the
exercise protocol strengthened the endurance of respiratory
muscles, particularly the diaphragm, and averted respiratory
muscle fatigue. In turn, Silva-Reis et al. (2022) observed that
a 12-week combined training program increased FVC% and
peak expiratory flow but not FEV,% and FEV,/FVC% ratio
in obese patients. Similarly, Nikniaz et al. (2021) verified
that a 4-week aerobic program was effective in increasing
FEV, and FVC but not the FEV,/FVC ratio among sedentary
male smokers. According to the authors, regular exercise
might prevent lung function decline by reducing inflam-
matory markers and oxidative stress, and by strengthening
respiratory muscles. However, these studies only included
non-smokers (Silva-Reis et al. 2022; Tartibian et al. 2023)
or smokers individuals (Nikniaz et al. 2021), which did not
allow them to examine the role of smoking status as a pre-
dictor of lung function growth.

The methodological approaches used in lung function
research to evaluate the changes over time in the context of
exercise intervention are commonly based on mean differ-
ence-based approaches (Nikniaz et al. 2021; Silva-Reis et al.
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2022; Tartibian et al. 2023). These approaches are useful for
evaluating average change over time but are limited in the
types of questions that can be answered (Herle et al. 2020).
Public health investigations would benefit from individual-
difference-based approaches that capture important group
statistics while also capturing individual variations in con-
tinuous trajectories over time (Herle et al. 2020). The latent
growth curve modeling (LGCM) is a structural equation
modeling technique for longitudinal data that can help track
the interindividual and intraindividual growth trajectories
over time (Byrne 2016). Such models have been recently
used in health sciences research for the evaluation of lon-
gitudinal changes in different health markers (Lucas et al.
2023). To our knowledge, this is the first study to investigate
the interindividual and intraindividual variability growth
trajectories in lung function over an exercise intervention.
Thus, we aimed to evaluate the longitudinal changes in lung
function (i.e., FEV,, FVC, FEV /FVC ratio, and FEF,s ;5) of
sedentary middle-aged workers over 16 weeks of combined
exercise training.

Methods
Study design, participants, and intervention

This study was designed as a single-blinded, parallel-group,
randomized controlled trial. Eligible participants were ran-
domized to control or exercise groups with a 1:1 ratio allo-
cation, as per a computer random number generator. This
study was approved by the Ethical Committee for Health,
University of Coimbra (CE/FCDEF-UC/00512019) and was
performed in accordance with the Declaration of Helsinki.
The protocol of this study was previously registered at Clini-
caltrials.gov (NCT04868240). Details regarding randomi-
zation/allocation, and intervention procedures are reported
elsewhere (Ferreira et al. 2022). Eligible participants were
adults aged 40 to 64 years old with sedentary occupations/
jobs. Exclusion criteria were uncontrolled or abnormal
blood pressure (i.e., systolic > 140 mmHg or diastolic >90
mmHg) (Williams et al. 2018); diagnosis of major chronic
diseases like cancer, metabolic or cardiovascular diseases as
well as cognitive or mental disorders; history of myocardial
infarction and heart failure; performing exercise 6-month
before the beginning of the study and; an FEV,/FVC ratio
< 0.7 (airflow limitation) (Ferreira et al. 2022). Non-smok-
ers and current smokers’ individuals were included in this
trial. Forty-six eligible sedentary workers were included
in baseline screening and were posteriorly randomized.
However, only 36 participants (age: 53.70 +6.92 years old;
body mass index: 27.24 +3.92 kg/m?) of both sexes com-
pleted the study procedures (n =18 in each group) (Fig. 1).
All participants provided written informed consent before
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Fig. 1 Flowchart of participant enrolment, randomization and allocation, and analysis

participation. Participants were instructed to maintain their
dietary patterns and PA levels (outside the intervention).
The intervention was a 16-week, 3 times per week (~
75 min/session), fully supervised, combined resistance and
aerobic training. Combined training consisted of a 10-min
warm-up, 60-min resistance followed by aerobic exercise,
and 5-min active recovery. Resistance training consisted of
eight exercises (involving the use of body weight and free
weights), which took approximately 30 min to complete.
Each exercise with external load was performed using 1-2
sets of 615 reps at 45-90% 1-repetition maximum (1RM)
and 5-8 rate of perceived exertion (RPE) on the Borg CR-10
Scale, following a gradual progression in intensity through
the weeks. The aerobic training also took 30 min to complete
and involved different forms of aerobic exercise, including
brisk walking, running, stepping, and circuit training. The

intensity was set at 60-95% of their maximum heart rate and
5-8 RPE on the Borg-10 scale, following a gradual progres-
sion through the weeks. The training sessions were super-
vised by two sport sciences professionals. The control group
did not receive any intervention.

Assessment of lung function

Lung function was assessed using a portable flow spirom-
eter (Spiropalm 6MWT, Cosmed, Italy), in accordance with
recommendations of the American Thoracic Society and
European Respiratory Society statements (ATS/ERS 2022;
Miller et al. 2005). The maximal inspiratory and expira-
tory maneuver was performed to obtain the following spiro-
metric parameters: FVC, FEV,, FEV /FVC % ratio, and
FEF,;_,5. Both the flow-volume and volume-time curves
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were monitored during the test by an expert. Likewise, after
each test, the curves were visually inspected and assessed for
reliability and acceptability. Participants were instructed to
perform at least 3 and up to 8 spirometric maneuvers per test
to obtain acceptable and reproducible values. Acceptability
criteria included curves without any artifacts (i.e., cough
during the first second of exhalation, glottis closure, early
termination, obstructed mouthpiece, or leak), having a good
start with extrapolated volume <0.5% of FVC or 0.15 L, and
exhalation of > 6 s or a plateau in the volume-time curve
(Miller et al. 2005). The best two measurements had to fulfill
the reproducibility criteria, i.e., the difference between the
two largest values of FVC and FEV, had to be within 0.150
L of each other (Miller et al. 2005). Predicted values for each
spirometric parameter were calculated based on age, stature,
ethnicity, and sex through previous equations developed by
the Global Lung Function Initiative (GLI) (Quanjer et al.
2012). The Cosmed Omnia Cardiopulmonary Diagnostic
software (Cosmed, Italy, version 1.6.5) was used for analy-
sis. Smoking status was self-reported as “smoker”” and “non-
smoker” at each spirometry examination. The assessments
occurred in the morning in controlled conditions and were
performed by an experienced clinical physiologist blinded
to the protocol. The lung function was assessed in three time
points: baseline (M1), after 8 weeks (M2), and 16 weeks
follow-up (M3).

Statistical analysis

LGCM was used to analyze the interindividual and intrain-
dividual variations in lung function across the 16-week
intervention. This analysis simultaneously estimates
intraindividual (intercept and slope growth parameters) and
interindividual (differences between subjects) growth tra-
jectories (Byrne 2016; Ribeiro et al. 2022). Intercept and
slope are two inferred latent variables (Byrne 2016). The
intercept parameter represents a participant’s value/score on
the outcome variable at baseline (corresponding to M1 in
the model) (Byrne 2016). The slope expresses the partici-
pant’s rate of change over the time period of interest. The
significance of variance for intercept and slope expresses
the interindividual variability at M1, and the existence
of interindividual lung function differences between the
observed moments, respectively (Byrne 2016). Moreover,
the covariance between intercept and slope reveals a rela-
tionship between M1 and the level of growth for M2 and
M3. Regarding interpretation, a negative value indicates that
(high) initial values promoted low growth, whereas a posi-
tive value indicates that (high) initial values promoted high
growth between the observed moments (Byrne 2016; Ribeiro
et al. 2022). A dummy variable (smoking status) was con-
sidered in the models as a predictor of growth to create the
following groups: (i) “non-smoker” group and (ii) “current
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smoker” group. The normalized chi-square/degrees of free-
dom (Xz/df) were used to verify the model’s adequacy and
was interpreted as: 5 < Xz/df (poor adjustment); 2 < XZ/df <
5 (reasonable adjustment); 1 < ledfs 2 (good adjustment);
and XZ/df approximately 1 (very good adjustment) (Byrne
2016; Wheaton 1987). In addition, a multigroup analysis was
carried out to determine how important smoking status was
to the model (Byrne 2016). Thus, two models were gener-
ated: (a) model with smoking status effect and (b) model
without smoking status effect. The differences between the
models were analysed via sz, P> 0.05. Statistical analysis
was performed on IBM SPSS AMOS (version 20.0).

Results
Descriptive statistics

Thirty-six participants successfully completed the study
with 18 participants in each group. Descriptive statistics for
the considered variables are listed in Table 1. Smoking sta-
tus did not change over the intervention in either group. In
general, the control group participants tended to decrease
their lung function parameters from M1 to M3, whereas the
exercise group increased.

LGCM results for the control group

The results of goodness-of-fit statistics in the control group
for all the models with smoking status effect can be found
in Table 2. The model without the smoking effect is bet-
ter than the model with the smoking effect. The analysis of
the proposed models revealed a reasonable adjustment for
FEF,5_;5% and an excellent adjustment for the other vari-
ables under analysis.

The variance of intercept and slope growth parameters
was significant for all variables analyzed, suggesting a het-
erogenous growth rate of lung function and, accordingly, an
interindividual and intraindividual variation from M1 to M2
and M3. The intercept variance at M1 revealed significant
values for FVC% (= 0.98, P < 0.05), FEV % (= 0.97, P<
0.05), FEV /FVC% ratio (8= 0.96, P < 0.05), and FEF,5 ;5%
(= 0.94, P< 0.05), suggesting interindividual variability
on the lung function in M1. Moreover, the standardized
indirect effects between smoking status and dependent
variables through intercept and slope showed the following
effects: FVC% (M1 =— 0.27; M2 =— 0.33; M3 =- 0.36),
FEV,% (M1 =- 0.42; M2 =— 0.42; M3 =— 0.36), FEV,/
FVC% ratio M1 =— 0.39, M2 = - 0.44, M3 =- 0.30), and
FEF,s 5% (M1 =— 0.28, M2 =— 0.32, M3 =— 0.30) (all
P < 0.05). A non-linear tendency to increase FVC% (24%)
and FEV % (23%) was observed from M1 to M2. In contrast,
from M1 to M2, FEV /FVC% ratio and FEF,s ;5% decreased
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Table 1 Descriptive statistics for the considered variables

Variable Ml

M3

Control group Exercise group

Control group

Exercise group Control group Exercise group

Smoking status

Current smoker, n (%) 7(38.9) 9 (50.0)
Non-smoker, n (%) 11 (61.1) 9 (50.0)

Lung function

FVC (%pred.) 106.56 +12.59 101.67 +£10.07
FEV, (% pred.) 109.44 +14.00 101.50 +13.13
FEV /FVC ratio (%pred.) 102.28 +£5.49 99.39 +5.65
FEF,5 -5 (% pred.) 119.94 +27.20 101.83 +29.97

121.44 +30.54

7(38.9) 9 (50.0) 7(38.9) 9 (50.0)

11 (61.1) 9 (50.0) 11 (61.1) 9 (50.0)
106.56 +15.50  104.11 +9.47 105.94 +16.06  103.33 £9.19
11022 +17.61  104.61 +13.34 10833 +16.97  103.56 +13.12
102.89 +5.29 99.72 +7.54 101.78 +5.01 99.67 +8.50

108.94 +35.75 116.61 +27.47 106.50 +31.62

Data expressed as unadjusted mean + SD

FVC, forced vital capacity; FEV, forced expiratory volume in 1 s; FEF,s ;5 forced expiratory flow between 25 and 75% of FVC; %, predicted

percentage

Table 2 Multigroup analysis across models analysed—control group

Models Ax? df P

FVC% 2.58 2 0.273
FEV,% 3.40 2 0.183
FEV,/FVCY% ratio 4.96 2 0.082
FEF,5_;5% 2.16 2 0.231

FVC, forced vital capacity; FEV,, forced expiratory volume in 1 s;
FEF,; ;5 forced expiratory flow between 25 and 75% of FVC; %, pre-
dicted percentage; df, degrees of freedom; Xz’ chi-square; P, signifi-
cance value

by 6% and 12%, respectively (Fig. 2). However, these trajec-
tories were not significant.

To better understand the levels of variability between
control group participants’ lung function in M1 and between
moments (M2 and M3), smoking status was included in the
model as a predictor of growth. Smoking status revealed a
significant effect on lung function growth with significant
paths to intercept and slope for all models (Fig. 2). The
control group participants who are smokers revealed lower
initial values (M1) of FVC% (f= —0.28, P< 0.05), FEV,%
(f=-0.42, P< 0.05), FEV,/FVC% ratio (f= —0.40, P<
0.05), and FEF,5_;5% (= —0.36, P < 0.05) than non-smok-
ers. Also, the control group participants who are smokers
had lower growth in FVC% (f= —0.44, P< 0.05), FEV,%
(f=—-0.41, P< 0.05), FEV,/FVC% ratio (f= —0.98, P<
0.05), and FEF,5_,5% (= —0.52, P < 0.05) than non-smok-
ers from M1 to M3.

LGCM results for the exercise group

The results of goodness-of-fit statistics in the exercise group
for all the models with the smoking status effect can be
found in Table 3. Also, for this group, the model without the
smoking effect was better than the model with the smoking

effect. The analysis of the proposed models revealed a rea-
sonable adjustment for FEV,%, and an excellent adjustment
for the other variables.

The variance of intercept and slope growth parameters
was statistically significant for all variables under analysis
in the exercise group, suggesting a heterogenous growth rate
of lung function and, accordingly, an interindividual and
intraindividual variation from M1 to M2 and M3. The inter-
cept variance at M1 revealed significant values for FVC%
(#=0.93, P< 0.05), FEV,% (= 0.96, P< 0.05), FEV,/
FVC% ratio (f= 0.91, P < 0.05), and FEF,5_,5% (= 0.92,
P < 0.05), suggesting interindividual variability on the lung
function in M1. The standardized indirect effects between
smoking status and dependent variables through intercept
and slope showed the following significant effects: FVC%
(M1 =0.57, M2 =0.62, M3 =0.64), FEV,% (M1 =0.47,
M2 =0.50, M3 =0.49), FEV/FVC% ratio (M1 =— 0.03,
M2 =0.06, M3 =0.13), and FEF,; ;5% (M1 =0.23, M2
=0.22, M3 =0.22) (all P< 0.05). A non-linear increase was
observed for all variables; from M1 to M2, FVC% increase
in the exercise group participants by 56%; FEV,% increased
by 36%; FEV /FVC% ratio increased by 44%, and FEF,s_;5%
increased by 66% (Fig. 3).

When smoking status was included in the model as a pre-
dictor of growth, we observed a significant effect on lung
function growth with significant paths to intercept and slope
for all models (Fig. 3). The non-smoking participants of the
exercise group revealed higher initial values (M1) of FVC%
(f=0.65, P< 0.05), FEV,% (= 0.48, P< 0.05), FEV//
FVC% ratio (f= 0.06, P < 0.05), and FEF,5_,5% (= 0.24,
P < 0.05) than smoker participants. Also, the non-smoking
participants that presented higher initial values, revealed a
higher increase in FVC% (#= 0.22, P< 0.05), FEV,% (=
0.08, P< 0.05), FEV,/FVC% ratio (f=0.19, P < 0.05), and
FEF,5 ;5% (f= 0.06, P < 0.05) than smoker participants
from M1 to M3.
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FVC (%pred.)
1

39"

FVC (%pred.)
2

Smoking status

FVC (%pred.)
3

x2/df =.23* (excellent adjustment)

FEV,/FVC (%pred.)
1

FEV,/FVC (%pred.)
2

FEV,/FVC (%Pred.)
3

x?/df = .58 (excellent adjustment)

Fig.2 Latent growth curve models for the considered variables in
the control group. A FVC (%Pred.), B FEV, (%pred.), C FEV /FVC
ratio (%pred.), and D FEF,s ;5 (%pred.). Abbreviations: FVC, forced

Table 3 Multigroup analysis across models analysed—exercise group

Models Ax? df P
FVC% 0.323 2 0.433
FEV,% 5.05 2 0.08
FEV /FVC% ratio 0.501 2 0.778
FEF,5_;5% 1.09 2 0.581

FVC, forced vital capacity; FEV,, forced expiratory volume in 1 s;
FEF,; 55, forced expiratory flow between 25 and 75% of FVC; %, pre-
dicted percentage; df, degrees of freedom; Xz’ chi-square; P, signifi-
cance value

Discussion

The present study attempted to evaluate the longitu-
dinal changes in lung function of middle-aged workers
over a 16-week combined training program. Our results
revealed a significant increase in spirometric indices by the
experimental group over the combined training. In addi-
tion, when we considered smoking status in the model
as a predictor of growth, we observed that non-smoking
exercise group’ participants revealed higher initial values
and a higher increase from M1 to M3 in all spirometric
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FEV, (%pred.)
1

.39*

Smoking status

FEV, (%pred.)
3

x2/df =1.6* (excellent adjustment)

FEF ;575 (%pred.)
1

36 i

Smoking status

FEF 545 (%pred.)
2

FEF 545 (%Pred.)
3
SLOU

vital capacity; FEV,, forced expiratory volume in 1 s; FEF,5 ;5 forced
expiratory flow between 25 and 75% of FVC. *P < 0.05

x2/df = 2.8 (reasonable adjustment)

parameters in comparison with their smoker counterparts.
Our multigroup analysis supports these results, demon-
strating that the model without smoking effect is better
than the model with smoking effect.

Our findings are in line with previous studies demonstrat-
ing the beneficial effects of an exercise program on the lung
function of adults. A quasi-experimental study (Tartibian
et al. 2023) observed that a 6-week home-based combined
exercise was effective in improving FVC, FEV,, FEV /FVC
ratio, and FEF,5_;5 compared to the control group. Accord-
ing to the authors, it is plausible that the exercise protocol
strengthened the endurance of respiratory muscles, particu-
larly the diaphragm, and averted respiratory muscle fatigue
(Tartibian et al. 2023). The results from Silva-Reis et al.
(2022) were partially in agreement since observed that a
12-week combined training increased FVC% and peak
expiratory flow but not FEV,% and FEV /FVC% in obese
patients. Also, Nikniaz et al. (2021) verified that a 4-week
aerobic program was effective in increasing FEV,; and FVC
but not FEV,/FVC ratio among sedentary adults. However,
these studies included only non-smokers (Silva-Reis et al.
2022; Tartibian et al. 2023) or smokers (Nikniaz et al. 2021),
which did not allow them to verify if the response to the
exercise program differs according to the smoking status.
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1
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Smoking status
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3
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Fig.3 Latent growth curve models for the considered variables in
the exercise group. A FVC (%Pred.), B FEV, (%pred.), C FEV /FVC
ratio (%pred.), and D FEF,s ;5 (%pred.). Abbreviations: FVC, forced

In the present study, the non-smokers of the exercise group
revealed higher initial levels of lung function compared to
smokers. This initial finding was expected since smoking
accelerates the age-related lung function decline, which may
lead to air-flow obstruction (FEV/FVC <0.7) and conse-
quent diagnosis of COPD (Oelsner et al. 2020). Cigarette
smoke contains many harmful substances that can cause a
series of pulmonary and systemic immunological changes
(Oelsner et al. 2020). It accelerates lung function decline
through various mechanisms including increased inflam-
mation (Shiels et al. 2014), mucous hypersecretion (Vestbo
et al. 1996), emphysema (Oelsner et al. 2018), epigenetic
alterations and airway hyper-responsiveness (Wang et al.
2015).

The non-smokers of the exercise group also revealed a
higher growth over intervention in all spirometric indices
compared to smokers. We did not find any clinical trial
that has compared the lung function changes over an exer-
cise intervention between smokers and non-smokers, how-
ever, our results seem to be consistent with observational
results obtained by Hashizume et al. (1999) who found
that smokers teenagers obtain less benefits from training
than non-smokers. Cheng et al. (2003) also observed that
being physically active and not being a recent smoker

o

FEV. (%pred.)
1

48* 50*

FEV, (%pred.)
2 Smoking status

.08*

FEV, (%pred.)
3

x2/df = 2.42 (reasonable adjustment)

ICEPT

- 1 / 4\
FEF,575 (%pred.) ——— {
1

.50*
FEF 575 (%pred.)
2 Smoking status

FEF.s.5 (%pred.)
3

x?/df = .08 (excellent adjustment)

vital capacity; FEV,, forced expiratory volume in 1 s; FEF,5 ;5 forced
expiratory flow between 25 and 75% of FVC. * P < 0.05

was associated with better lung function in both healthy
men and women. Other studies found that positive asso-
ciations between moderate-to-vigorous PA and FEV, and
FVC were more evident in current or ex-smokers com-
pared to non-smokers, suggesting a higher benefit of PA
for subjects being at higher risk for chronic lung diseases
(Benadjaoud et al. 2019; Luzak et al. 2017). Nonetheless,
although with a lower magnitude of improvement, this
increase by the smokers during the combined training pro-
gram is of important clinical relevance since these subjects
are at a higher risk for chronic lung diseases (Postma et al.
2015) and are more predisposed to acute lung injury and
pulmonary infection (Lugg et al. 2022). Another previous
population-based study also suggested that PA reduces
lung function decline and the risk of COPD among active
smokers (Garcia-Aymerich et al. 2007). The mechanisms
responsible for exercise-related benefits on lung function
are not well established, however, previous studies hypoth-
esized that this link can be mediated by lowering systemic
inflammation (Garcia-Aymerich et al. 2007; Nikniaz et al.
2021). According to an earlier review (Gleeson et al.
2011), the potential anti-inflammatory effects of exercise
are mediated by the reduction in adipokine release and the
induction of an anti-inflammatory environment.
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Regarding the control group, it was observed a non-lin-
ear tendency to increase FVC% and FEV % and to decrease
FEV /FVC% ratio and FEF,s ;5% from M1 to M2. Further,
we observed that the smokers of the control group revealed
a lower growth in all the spirometric parameters, compared
to non-smokers over the 16 weeks. This decrease in FEV/
FVC% ratio could be potentially explained by a lower FEV,
value relative to FVC, even within normal ranges (Stanojevic
et al. 2022). In clinical practice, an FEV,/FVC ratio below
the LLN (i.e., 5th percentile) of a normal population or an
FEV,/FVC of <0.7 (Stanojevic et al. 2022), could reflect an
obstructive ventilatory impairment. In addition, FEF,5 ;5%
usually does not add clinical decision-making beyond the
information contributed by FVC, FEV,, and FEV,/FVC ratio
(Stanojevic et al. 2022), however, a reduction in this param-
eter over time may indicate the impairment of medium-sized
and small airways (Hoesterey et al. 2019). The attenuated
slope in the spirometric indices was expected for the con-
trol group that maintained their sedentary lifestyle. Seden-
tary time and low PA levels were inversely associated with
FEV, and FVC in midlife and early old age (Benadjaoud
et al. 2019; Dogra et al. 2018). Dogra et al. (2018) sug-
gested that sitting for prolonged periods causes physiologi-
cal changes that accelerate the age-associated decline in
lung function, increasing the risk of developing respiratory
diseases. Benadjaoud et al. (2019) found that this associa-
tion seems to be more evident among smokers compared to
non-smokers which is, in part, congruent with our findings.
Sedentary time has been positively associated with systemic
inflammation and macrophage infiltration (Vandercappellen
et al. 2022), which is also connected to respiratory diseases
(Shiels et al. 2014). Therefore, inflammation may also medi-
ate the relationship between sedentary time and lung func-
tion (Dogra et al. 2018).

This study has some limitations that warrant discussion.
First, smoking status was classified by self-report, which
could represent reporting bias. Second, we did not consider
participants’ body weight, body mass index, or sex in our
analysis. Third, given the nature of our experimental data,
we consider that a larger sample size and more repeated
measurements would provide more robust conclusions; yet
our sample size and the number of time points are equivalent
to previous studies that used LGCM (Martinho et al. 2024;
Ribeiro et al. 2022). Moreover, the strict exclusion criteria
may limit the generalizability of the findings to the broader
middle-aged population. Future studies should make addi-
tional efforts to include more participants and more time
assessment points, to confirm the changes in lung function
in response to an exercise program. Further, studies should
consider the smoking status effect and other relevant factors
(i.e., body weight and sex) in the model. Further analysis
exploring the mechanisms by which exercise can influ-
ence lung function would facilitate the development of new

@ Springer

strategies and therapeutic approaches for preventing lung
function deterioration and its related complications.

Conclusions

A 16-week combined exercise program seems to be effec-
tive in improving lung function in middle-aged workers. Of
relevance, smoking status revealed a significant effect on
spirometric indices growth. In the exercise group, the non-
smoking participants had a higher increase in spirometric
indices, compared to those who are smokers. In the control
group, a lower growth in spirometric indices over the 16
weeks was observed; also in this group, non-smokers pre-
sented higher spirometric values than smokers.

Practical applications

Our findings can provide valuable references for exercise
prescription in this population. Professionals of sports sci-
ences who are informed about variations in adults’ lung
function during an exercise program are better prepared to
delineate the intensity and volume of an exercise program
that mitigates the age-associated decline in lung function
both in smokers and non-smokers. Future clinical and even
therapeutic decisions based on exercise may benefit from the
results derived from this study.
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