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ARTICLE INFO ABSTRACT

Lung complications are a common issue among chemical warfare veterans, highlighting
Article Type the need to strengthen their respiratory systems. This study aimed to explore the impact of a
Original Research 24-session aerobic exercise program on the lung volumes and capacities of chemical warfare

veterans.

Authors This quasi-experimental study was conducted in 2023 using a pre-
Azarkamand M2 MSc test and post-test design. Seventeen chemical warfare veterans with a disability rating of
Soltani H.2* PhD 25-35% were selected through purposive and convenience sampling methods and randomly

divided into two groups: experimental (10 participants) and control (7 participants). The
experimental group underwent an interval aerobic exercise regimen at 45-60% of heart rate
reserve, three times per week for eight weeks. Lung functions were assessed using the Lung
Test 1000 spirometry device. Repeated measures statistics analyzed the differences between
pre-test and post-test results.

Aerobic exercise significantly increased vital capacity (p=0.007), peak inspiratory
flow (p<0.001), peak expiratory flow (p=0.016), forced expiratory volume in 1 second
(p=0.017), maximum voluntary ventilation (p<0.001), and peak expiratory flow rates at 75%
(p<0.001), 50% (p=0.001), and 25% (p=0.007). However, it did not significantly affect the
ratio of forced vital capacity to forced expiratory volume in 1 second (p=0.960) or forced
expiratory flow from 25 to 75% (p=0.690).

Aerobic exercises in chemical veterans improve lung volumes and capacities.
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Introduction

During the Iran-Iraq war, over 400,000 people
suffered injuries from chemical agents, particularly
mustard gas. Pulmonary complications are the main
issues resulting from exposure to mustard gas,
affecting approximately 42.5% of chemical veterans
(131, The impact of mustard gas on the respiratory
system includes symptoms such as shortness of
breath, irritating cough, and frequent respiratory
infections, which are linked to conditions like
obstructive lung disease, chronic bronchitis, asthma,
bronchiectasis, COPD, and narrowing of the large
airways. These lung problems frequently result in
hospitalization at treatment centers [, imposing
significant treatment costs that affect their economic
well-being and quality of life [51.

Chemical warfare veterans often experience
persistent cough and shortness of breath, which
hinder their daily activities [® 7. Due to diminished
lung function and weakened respiratory muscles, a
large amount of their energy is devoted to producing
respiratory muscle energy, leading to early fatigue
and reduced performance [8l. This often discourages
them from engaging in sports activities [ 9], making
them more susceptible to diseases like hypertension,
diabetes, and osteoporosis [10l. The long-term nature
of their conditions can also reduce self-confidence
and life expectancy [111. Stahl has noted that physical
health and quality of life are generally low among
pulmonary patients [l. Decreased physical activity
leads to loss of muscle mass and further diminished
performance [12],

Regular exercise strengthens the chest muscles,
thereby enhancing inhalation and exhalation [13].
Optimally functioning muscles allow for more
efficient movement activities, reducing energy
consumption and shortening the duration of exercise.
Strengthening and endurance training of respiratory
muscles is an effective method to improve lung
function, facilitate easier breathing [14], improve
breathing patterns, ensure adequate ventilation
exchange [4], and increase tolerance to fatigue [51.
Aerobic  exercise  helps reduce  dynamic
hyperinflation and shortness of breath, enhances
exercise tolerance, and improves quality of life [18].
The respiratory system plays a crucial role in
supplying oxygen to cells and regulating the body's
internal environment [171. Any inefficiency in this
system affects overall body performance.
Inefficiencies may alter the ratios of ventilation to
blood flow and ventilation to oxygen absorption,
causing oxygen removal to fall below the volume of
ventilated air. This imbalance increases the energy
expenditure of the respiratory muscles, leading to
premature fatigue [171. Given the proven effectiveness
of exercise training in improving lung function, it is
essential to incorporate exercise as a complementary
approach to pharmacological treatment. This
integration can enhance treatment outcomes, reduce
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symptoms, and decrease both treatment costs and
the side effects of medications [8. Exercising and
strengthening the inspiratory muscles increases tidal
volume, reduces the number of breaths taken during
exercise, and improves the optimal energy
consumption of lung muscles, thereby enhancing
athletic performance. In Iran, these techniques are
often overlooked in clinical treatment programs
aimed at improving patient health. Additionally,
educating patients about the benefits of exercise on
health is a crucial aspect of this research [¢l. Studies
on the effects of physical activities on veterans have
shown reductions in breath shortness and
hospitalization rates, along with improvements in
quality of life [+ 15]. Ghasemi et al. [16] found that the
mean scores of forced vital capacity were
significantly higher in the posttest compared to the
pretest (p=0.001). After adjusting for the pretest
scores, the forced vital capacity in the training group
was significantly greater than that in the control
group [1¢]. Abolhasani noted that while there were no
significant increases in tidal volume, inspiratory
reserve volume, minute ventilation, and vital
capacity, a significant increase in forced vital capacity
in the first second was observed [171.

Tari et al. 291 demonstrated that selected aerobic
exercise using a treadmill did not significantly
increase the forced expiratory volume in the first
second or the forced vital capacity of chemical
veterans. Given the contradictions in research
outcomes, the limited number of studies focused on
chemical veterans, and the scant interest among
researchers in this group, it is imperative to address
these gaps. Chemical veterans typically engage in less
physical activity than their non-veteran counterparts
due to limitations such as pulmonary and physical
impairments. Therefore, this research aimed to
investigate the impact of a selected aerobic exercise
program consisting of 24 sessions on the lung
volumes and capacities of chemical veterans, given
that aerobic fitness is a key indicator of respiratory
and cardiovascular system health and coordination.

Materials and Methods

This quasi-experimental study was conducted in
2023 using a pre-test and post-test design with both
experimental and control groups. The participants
were chemical warfare veterans from Torbat-e
Heydarieh city who met the inclusion criteria for the
study. The statistical sample included 17 veterans
aged 50-65 years with a veteran status of 25-35%.
After obtaining consent to participate in the study,
participants were selected through purposive and
convenience sampling methods and randomly
assigned to two groups: experimental (10
participants) and control (7 participants).

The sample size was calculated using G*Power
software, assuming a significance level of 0.05 and a
statistical power of 0.8, employing repeated
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measures analysis of variance (ANOVA) for two
groups. Initially, 12 participants were required;
however, to accommodate potential attrition, the
total was increased to 17 (10 in the experimental
group and 7 in the control group). On the first day, the
subjects were thoroughly briefed on the test
procedures. Their weight and standing height were
measured using a Seka scale accurate to 0.1 kg and a
measuring device accurate to 0.1 cm, respectively.
On the second day, their weight and height data were
input into the spirometry machine to calculate the
body mass index in kilograms per square meter and
the body surface area in square meters.
Subsequently, static and dynamic pulmonary
volumes and capacities were measured in the
laboratory using a spirometry device, Lung Test 1000
from Poland, with a reliability of 0.982. The process
involved practical training for the subjects,
emphasizing the need for concentration and
maximum effort during the pulmonary tests. Three
tests—spirometry, flow-volume, and maximum
voluntary ventilation—were conducted with a five-
minute rest interval between each. The best results
were recorded and stored. After completing the
preliminary tests, the training program was
introduced, explaining the method of work, how to
use a Polar heart rate monitor to determine the heart
rate and control the intensity of the training, the
duration of the training sets, and guidelines for better
performance during the activity and rest phases.

All subjects participated in an eight-week exercise
program, consisting of three sessions per week (24
sessions in total), each lasting 45 minutes. The
sessions involved intermittent aerobic exercise at an
intensity of 45 to 60 percent of maximum heart rate
reserve (HRR) under the supervision of a trainer and
sports expert in an indoor sports hall.

The intensity of exercise was controlled by heart rate
using the pulsometer display that was installed on
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the subjects' wrists, based on Karvonen's formula,
which is a widely used equation to estimate a target
heart rate (THR) training zone during exercise. It
takes into account an individual's resting heart rate
(RHR) and maximum heart rate (MHR) to personalize
the intensity of exercise:

THR = (MHR - RHR) x %Intensity + RHR

THR is target heart rate (bpm). MHR presents
maximum heart rate (bpm) that can be estimated by
subtracting your age from 220. However, it is
important to note that this is a general estimate and
individual MHR may vary. RHR indicates resting
heart rate (bpm), which can be measured by taking
your pulse first thing in the morning before getting
out of bed. %lIntensity presents the desired
percentage of your HRR to train at. This value will
vary depending on your fitness goals and the specific
type of exercise you're performing.

At the conclusion of the eight-week training period,
the same three pulmonary tests—spirometry, flow-
volume, and maximum voluntary ventilation—were
administered to the subjects under the same
conditions as the initial tests.

Data were recorded in the SPSS 16 software for
calculating central tendency measures, dispersion,
and graphing descriptive statistics. The normality of
the data was confirmed using the Shapiro-Wilk test,
and Levene's test was utilized for the homogeneity of
variances. Additionally, repeated measures ANOVA
was used to compare pre-test and post-test means
and to assess between- and within-group changes. A
significance level (p<0.05) was established for
hypothesis testing.

Findings
The Shapiro-Wilk test results confirmed that the raw
data for each variable were normally distributed.

Table 1. The results of the repeated measures ANOVA (within- and between-group changes) regarding the mean volume and lung capacity
of chemical veterans in the control (n=7) and experimental (n=10) groups

Within-subject Between-subject

Pulmonary function Group S comparison comparison
Pre-test Post-test F P-value F P-value

Vital capacity (Liter) E’éﬂirrgl“e“tal i:ggzg:iz iggigg% 13290  0.002 9.561 0.007

Peak inspiratory flow (Liter) E’égte:;?‘emal ig?ig:gi i:ggig:;i 46.99 0.000 5486  0.000

Peak expiratory flow (Liter) giﬁf:;“eml ;:ggig:g; g;;i‘;? 6.33 0.024 7.32 0.016

Forced expiratory volume in 1 second (FEV1) (Liter) E’;ﬁfrrgl“e“tal 1:223_763 1:22’;8;; 6.77 0.020 7.24 0.017

Maximum voluntary ventilation (MVV) (Liter) g’éf’l:;“e“tal gg:ggig:ﬁ Z‘;:‘S‘zj%gz 3247  0.000 3163 0.000

FEV1/Forced vital capacity (FVC) Eﬁﬂf}fgl“e"tal }:ggigjg i:g;’ig:gg 262 0.126 315 0.960
: : . . .

s oy low SBT3 S0 o s o
0, i + +

(Liter/Sec) Comtrol 187037 17asoze 1026 0006 1797 0001
. :

i pehent 1030 1909 i o o
%-75Y i + +
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According to the results of Levene's test, the
assumption of variance equality for all variables was
met in both the control and experimental groups for
comparing group means.

The repeated measures analysis indicated significant
increases in vital capacity (p=0.007), peak
inspiratory flow (PIF) (p=0.000), peak expiratory
flow (PEF) (p=0.016), forced expiratory volume in 1
second (p=0.017), maximum voluntary ventilation
(p=0.000), PEF 75% (p = 0.000), PEF 50% (p=0.001),
and PEF 25% (p=0.007) due to aerobic exercises.
However, aerobic exercises did not significantly
affect the ratio of forced vital capacity to forced
expiratory volume in 1 second (p=0.960) and forced
expiratory flow from 25 to 75% (p=0.690; Table 1).

Discussion

One of the primary objectives of this research was to
examine pulmonary responses to exercise using non-
invasive methods to evaluate the effectiveness of
exercise programs aimed at improving health,
therapy, and regeneration. The findings of this study
demonstrated that eight weeks of selected aerobic
exercises significantly enhanced vital capacity,
aligning with the findings of Shamlou et al. [1% and
Attarzadeh et al. 151, This research highlighted that
strengthening the chest muscles, which increases
chest volume, significantly enhances pulmonary
function and spirometry indicators. Essentially, the
increase in chest volume results from changes in the
total volume of the pulmonary alveoli [20],

According to the results of this study, the selected
aerobic exercises significantly increased the average
PIF and PEF. These flows, like other volumes, reflect
the static properties of the respiratory system [21],
and enhancing the elasticity of the main and auxiliary
intercostal muscle fibers increases effective
inspiratory force [21l. Consistent with this research,
Sharifian et al. [22] found that eight weeks of aerobic
exercise significantly improved respiratory indices of
PEF and PIF. The inspiratory muscles expand the
chest; this expansion decreases the pressure
difference between the alveoli and the pleural cavity,
allowing the force of expansion to overcome elasticity
and quickly fill the intrapulmonary volume with air.
Maximally filling the lungs with air is crucial for
stimulating the secretion of surfactant, which
increases the level of prostaglandins in the alveolar
space, reducing the tone of the bronchial smooth
muscles and enhancing lung efficiency. Surfactant
improves lung function by increasing the size of lung
cells, facilitating cell-to-cell communication, and
reducing the surface tension of air sacs. Additionally,
surfactant acts as a bronchodilator by increasing the
diameter of airways and reducing air resistance,
thereby enhancing lung volumes and capacities. This
mechanism may explain the observed increase in PIF
(23], In the study by Rupam Bassi, a significant
decrease in BMI and a significant increase in PEF and
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PFI were observed over a 10-week period. They
suggested that the improvement in PEF values could
be attributed to aerobic exercises, which enhance
breathing efficiency, reduce pulmonary resistance,
and decrease body fat percentage [201.

Similarly, the present study found a significant
increase in the FEV1 index, aligning with the findings
of Azad et al. [24], Qanbarzadeh et al. [25], and Moodi et
al. 121, Azad et al. investigated the effect of aerobic
exercise on lung function in overweight and obese
students and concluded that aerobic exercise
improves FEV1. These studies collectively
demonstrate that aerobic exercises increase the
endurance and tolerance of respiratory muscles,
potentially leading to expanded chest volume and
increased lung capacities. Aerobic capacity is often
enhanced through activities such as walking, which is
likely why an increase in FEV1 was observed
following exercise intervention, due to reduced
bronchial compression or the lessened occurrence of
airway bronchospasm, consistent with the results of
the current study.

However, the results from Attarzadeh et al. [15] and
Tari et al. [23] showed that aerobic exercise programs
had an effect on subjects’' FEV1 and FVC, showing a
slight increase in the post-test, though these changes
were not statistically significant. Differences between
these studies and the current research may be
attributed to factors such as the type of subjects,
intensity and duration of training, type of exercise,
age of participants, and their physical fitness levels.
For instance, in Tari et al.’s study, the training period
was 4 weeks and involved sedentary female
education students, whereas Attarzadeh worked
with inactive girls.

The ratio of forced expiratory volume in one second
to forced vital capacity (FEV1/FVC) is an indicator of
airway obstruction. The development of respiratory
and trunk muscles helps improve chest mobility and
positively affects FEV1/FVC [32]. In this study, aerobic
exercises did not cause significant changes in
FEV1/FVC. Although FEV1 increased due to aerobic
exercise, the FEV1/FVC ratio did not change
significantly, suggesting that both FEV1 and FVC
increased proportionally. This finding is consistent
with the results of Towfiqi et al. [26].

Physical inactivity and obesity can impair FEV1 and
FVC, while appropriate aerobic exercise training can
partially improve these indices due to enhanced
respiratory muscle function. However, participation
in long-term physical activity and achieving a normal
BMI are crucial for significant improvement in FVC
and FEV1 in overweight and sedentary patients [26].
Among respiratory maneuvers, maximum voluntary
ventilation (MVV) is particularly important as a
dynamic test of ventilatory capacity, where
reductions in MVV can indicate airway obstruction or
stenosis. Thus, MVV values depend on an individual's
exercise capacity and ability, as well as limitations
from shortness of breath ['7]. In this study, MVV
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increased significantly by 42.36%. This result aligns
with the findings of Azad et al. [24], Hojati et al. 39, and
Plankeel et al. 371. Babaei Bonab [28], who studied the
effect of aerobic exercise on 30 obese women with
mild asthma over eight weeks, also found a significant
effect of aerobic exercise on MVV, FEF, FEV, and PEF
indices. Nazem et al. [29 reported a significant
increase in MVV after three months of aerobic
exercise in middle-aged men.

O'Donnell et al B5 have identified four main
physiological mechanisms that reduce shortness of
breath due to aerobic exercise in chronic obstructive
pulmonary diseases: reducing ventilatory
requirements or increasing ventilatory reserve,
reducing apparent ventilatory resistance, improving
ventilatory muscle performance, and psychological
factors.

However, the results of Casaburi et al. [31] regarding
the effect of aerobic exercise on MVV do not align
with the findings of this study. The discrepancies can
be attributed to differences in the number of subjects,
their gender and age, the type of exercise, and the
duration of the exercise.

In the present study, the maximum expiratory flow of
75% (MEF 75%), maximum expiratory flow of 50%
(MEF 50%), and maximum expiratory flow of 25%
(MEF 25%) increased significantly. This indicates
that exercise has increased the speed of muscle
shortening and consequently muscle strength. In line
with the results of this study, Hojati et al [0
investigated the effect of intermittent aerobic
exercises on the lung volumes of 100 inactive female
students who participated in a protocol of aerobic
intermittent running at 65-80% of the reserve heart
rate. They concluded that intermittent aerobic
training had a significant effect on MEF 75% and MEF
50%, but it had no significant effect on MEF 25%.
Park et al. 321 investigated the effects of high-intensity
aerobic exercise on the pulmonary function of elderly
women after eight weeks of exercise. According to
their findings, high-intensity aerobic exercise
significantly increased MEF 75%, MEF 50% remained
unchanged, and MEF 25% decreased, which was not
significant.

In this study, the forced expiratory flow of 25-75%
(FEF 25-75%) was not statistically significant. Wu et
al. B3¢] investigated the effects of continuous aerobic
exercise on lung function in a meta-analysis and
concluded that aerobic exercise improved forced
expiratory volume in one second, PEF, and forced
vital capacity, but changes in FEF 25-75% were not
significant.

Other research on the effects of combined exercises
on lung function in smokers showed that 16 weeks of
physical exercises in 50 sedentary male smokers,
divided into groups of aerobic, resistance, combined,
and control, did not yield significant changes in FEF
75-25% [371. Similarly, in the study by Barari et al. [33],
which examined the effects of resistance training and
ivy extract consumption on a selection of spirometric
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indicators in 48 men with respiratory diseases, the
FEF 25-75% value was not significant after training.
Womack et al. [34] conducted a study on the effects of
aerobic training (eight weeks of training at an
intensity of 50-75% HRmax) on the lung function of
obese men. Their research did not show significant
changes in respiratory indices after eight weeks of
aerobic exercise, which is consistent with the present
research.

Overall, multiple lines of evidence support the
enhancement of pulmonary function through
exercise training. This includes the compensatory
effects of exercise on muscle imbalances in the chest,
strengthening of accessory respiratory muscles,
increased residual airflow, and reduced ventilation in
asthmatic patients by enhancing bronchial dilation
during exercise. Other benefits are reducing airway
resistance, enlarging airway diameter, strengthening
respiratory muscles, increasing chest -elasticity
through exercise, reducing pulmonary reversibility,
and increasing pulmonary vascular dilation due to
heightened activation of the adrenaline system
during exercise. Additionally, decreased airway
resistance and improved FEV1 and FVC from
increased airflow (following pulmonary
vasodilation), as well as the relationship between
serum cortisol, bronchial dilation, and pulmonary
surfactant production, all contribute to improved
lung function [%. Since the training program
significantly impacted most pulmonary indicators, it
can be concluded that it has enhanced the ability and
coordination of the respiratory muscles.
Incorporating exercise into the management of these
patients is essential for symptom improvement, lung
function enhancement, and reducing dependence on
inhalation sprays and oral corticosteroids. This
approach not only advances treatment but also
reduces costs and minimizes side effects from
medications. Overall, the study highlights the
effectiveness of aerobic exercise as a viable and
appropriate method for improving pulmonary
function in individuals with normal physical fitness
levels, including chemical veterans.

Conclusion

Exercise, especially aerobic activities such as running
and jogging, enhances respiratory muscle endurance,
which in turn improves ventilation and increases
expiratory flow in patients with respiratory diseases.
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