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Abstract

severe COPD (GOLD II-IIl) FEV19% 30-79%.

cantly improved in group A (p <0.05).

Background Smoking mainly induces COPD, but occupational threats play a significant role in the development

of COPD. Previous studies concerning pulmonary rehabilitation mainly focus on COPD caused by smoking, but COPD
induced by occupational hazards has not been studied yet. We aimed to identify the efficacy of IMT (Inspiratory Mus-
cle training) using classic POWERbreathe versus DB (Diaphragmatic breathing) plus PLB (Pursed-lip Breathing) exercise
in dyspnea, exercise capacity and pulmonary function parameters in occupational COPD farmers with moderate-to-

Methods A prospective supervised RCT (Randomized Controlled Trial) included 60 farmers with COPD assigned ran-
domly into two groups; Group A performed IMT using a classic POWERbreathe, and Group B performed DB plus PLB.
Both groups completed two daily sessions for three months, seven days/week.

Results Between-group differences outcome scores were compared, and there was a more remarkable significant
improvement in exercise capacity, lung parameters, and dyspnea using the mMRC scale in the IMT group compared
to DB plus PLB group. The 6MWT distance (effect size Cohen'’s d: 1.69), FEV1 (effect size Cohen'’s d: 0.78), FEV1/FVC
(effect size Cohen'’s d: 0.86), FVC (effect size Cohen’s d: 1.01), and mMRC score (effect size Cohen’s d: 1.12) were signifi-

Conclusion This study demonstrated that the IMT group showed better exercise capacity, dyspnea, and pulmonary
function outcomes in occupational COPD farmers. Further studies require COPD patients from different occupations.

Keywords COPD, Farmers, Exercise capacity, Lung function, Dyspnea

1 Background

Chronic obstructive pulmonary disease (COPD) is the
primary cause of death and disability globally. It is still a
vital public health concern due to the continuous increase
in healthcare burdens related to recurrent patient hospi-
talizations [1]. The prevalence and morbidity of COPD

*Correspondence:

Marwa Mohammed

dr.marwamohammed@pt.bsu.edu.eg

! Faculty of Physical Therapy, Beni-Suef University, Beni Suef, Egypt
2 Faculty of Physical Therapy, Cairo University, Giza, Egypt

3 Faculty of Medicine, Beni-Suef University, Beni Suef, Egypt

@ Springer Open

are exaggerated with age; its burden is anticipated to pro-
gress in the next few years due to an increased population
lifespan with continuous exposure to its risk factors [2].
COPD was formerly identified as a smoking disease but
is now recognized as a risk of some occupational expo-
sures [3]. About 15-20% of COPD cases are caused by
occupational exposure [4]. Farming activities represent
one of the occupations at higher risk of COPD [5]. Previ-
ous cohort studies illustrated that farmers with long-term
exposure to organic dust for 15—40 years had a higher
risk for COPD [6]. During their life, they are exposed
to multiple agricultural exposures, including organic
and inorganic dust, bacteria, endotoxin, spores, and

©The Author(s) 2023, corrected publication 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43088-023-00409-1&domain=pdf
http://orcid.org/0000-0003-1666-2167

Mohammed et al. Beni-Suef Univ J Basic Appl Sci (2023) 12:73

potentially toxic gases, such as ammonia and hydrogen
sulfide, that increase their risk of COPD [7]. In general,
the proportion of the population working in agriculture
is rising worldwide, especially in developing countries,
where workers often use pesticides with inadequate pro-
tective equipment or training [8]. Farmers use pesticides
during their work to eliminate insects and weeds, a sig-
nificant barrier for farmers to prevent harvest losses.
Recent studies illustrated a substantial relationship
between exposure to insecticides and herbicides and the
risk of obstructive lung diseases [9]. Additionally, farm-
ers are exposed to mould spores when they move or work
with hay, grain, or silage materials in which mould spores
have grown; mould exposures were associated with worse
outcomes in COPD [10].Exposure of farmers to COPD
increases economic burdens on them, their families and
healthcare societies.

Crop farmers are at higher risk for developing chronic
respiratory symptoms, about three-fold higher among
crop farmers exposed to more than 20 years than those
with shorter job exposure(odds ratio [OR]=3.20 [0.95—
11.41] at 95% CI [11]. COPD prevalence among crop
farmers was 11.9% [12]. However, smoking is a risk fac-
tor for lung function decline in COPD patients and is
associated with adverse outcomes [13]. The progression
of occupational COPD is the same as in smoking-related
COPD, where the airways aren’t wholly reversed. Stud-
ies showed that never smokers with COPD, compared
to COPD smokers, have fewer symptoms, milder disease
and lower levels of inflammatory markers [14]. Earlier
studies illustrated that dyspnea is a significant cause of
disability and anxiety in COPD patients and a frequent
cause of exercise intolerance [15, 16]. Crop farmers are
at higher risk of developing dyspnea [11], attributed
to inspiratory muscle weakness [17]. Further previous
studies illustrated that forced expiratory volume at first
second(FEV1) and FEV1/FVC reduced in farmers, with
increased annual loss in FEV1 [18]. This yearly loss could
deteriorate their QOL (quality of life), impair their work-
ing abilities, and cause their productivity loss.

According to GOLD (Global Initiative for Chronic
Obstructive Lung Disease) guidelines in 2022, no phar-
macotherapy is conclusive enough to reduce the rate of
FEV1 decline in COPD patients [19]. GOLD recommen-
dations aimed to improve patients’ QOL and functional
status by maintaining optimal lung function, reducing
disease symptoms, and preventing acute exacerbations
[19]. Studies illustrated that pulmonary rehabilitation is
an essential component of COPD management and is
associated with improvements in symptoms, exercise
tolerance, and QOL [20]. Earlier studies confirmed that
IMT improves inspiratory muscle strength, dyspnea,
QOL and exercise capacity in COPD patients [21]. Other
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studies illustrated that PLB combined with DB effectively
promotes pulmonary function and exercise capacity in
COPD patients [22]. Although most studies were per-
formed on COPD-induced due to smoking, its impact
has not been identified in occupational COPD farmers.

The study aimed to illustrate the impact of IMT using
classic POWERbreathe compared to DB plus PLB exer-
cise in dyspnea, exercise capacity and pulmonary func-
tion parameters in COPD farmers. This study will act
as a nucleus for physical therapy in occupational COPD
research areas to illustrate if COPD farmers will have
the same outcomes as COPD induced by smoking only.
We hypothesize the study outcomes will be better than
COPD caused by smoking.

2 Methods

2.1 Participants

A prospective supervised single, blinded randomized
controlled trial (RCT) was conducted at Beni-Suef Uni-
versity Hospital, in the outpatient department of Chest
disease, Beni-Suef, Egypt. All our participants were
selected from Beni-Suef Governorate in Middle Egypt.
Much of its economy depends on agriculture, an essen-
tial agricultural land in Egypt. Wheat, sorghum, maize
and barley were the most significant crops cultivated by
Egyptian farmers [23]. The patients were randomized
into two groups (random numbers in sealed envelopes
by a research assistant who was not involved in data col-
lection. The participants were assigned to the IMT and
DP plus PLB groups in a 1:1 ratio. Between 2019 and
January 2020. One hundred and one patients with COPD
enrolled in the study after being confirmed to have mod-
erate-to-severe COPD by spirometry (GOLD II-III)
FEV1 30-79%.

The inclusion and exclusion criteria of the study pop-
ulations are presented in Fig. 1. One hundred and one
COPD patients were screened for eligibility; 88 eligible
subjects were randomized into two groups; (43 subjects)
in the IMT group and (45 subjects) in DP plus PLB group
participated in the study. Twenty-eight patients dropped
-outs of the study. Reasons for drop-outs from the study
included withdrawal (n=12), worsening of COPD symp-
toms (n=12), acute embolism (n=2) and death (n=2).

Basic demographical information of study popula-
tions, in addition to clinical data, includes years of farm-
ing, and co-morbidities, e.g. HTN (Hypertension), DM
(Diabetes Mellitus, and IHD (Ischemic heart disease)).
Furthermore, spirometry parameters were collected by
a chest physician. The same physiotherapist did a reha-
bilitation program for both groups. Group A; performed
IMT using the classic POWERbreathe device, and Group
B performed DB combined with PLB exercise training.
Patients in both groups performed two sessions /day for
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Enrollment »=101

\

Excluded n=13
-Farmers with a smoking history of n=7

-Participants work other work besides farming #=6

Randomized n=88

Allocated to IMT (Inspiratory Muscle
Training) group n=43

Allocated to DP (Diaphragmatic Breathing)
(DP) + PLB (Pursed lip Breathing) group
n=45

Lost to follow up Lost to follow up
~Withdraw from the study  #=7 -Withdraw from the study n=5
-Worsening of symptoms  n=4 -Worsening of symptoms n=8
-Acute embolism n=2 _Died =2
Analysis
Analyzed n=30
Analyzed n=30
Fig. 1 Follow-up diagram
three successive months, seven days/ week at Beni-Suef = moderate-to-severe COPD (GOLD II-III) FEV1%

University Hospital, in the outpatient department of
Chest disease, Beni-Suef, Egypt.

2.2 Inclusion and exclusion criteria of the study
populations

Inclusion criteria Participants from Beni-Suef gov-
ernates who only worked in crop farming throughout
their life with no other labour except farming and were
confirmed to have occupational COPD by a specialized
Chest physician at the baseline before the start of the
study and post-intervention. They have been guaranteed

30-79% by spirometry, with no previous participation in
a pulmonary rehabilitation program. And their clinical
conditions are stable without any change in their medica-
tion than prescribed by their chest physician according to
GOLD recommendations in the last four weeks with no
physiotherapy involvement in the medication they use.

Exclusion criteria were Patients with a smoking history
to avoid biased results, unstable heart diseases, psychiat-
ric problems, and severe complications, such as previous
cardiothoracic surgery.
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All patients who met the eligibility criteria were ran-
domly divided into two groups; Group A included IMT
using a classic POWERbreathe device, and Group B
included patients who performed DB combined with PLB
exercise training. Both groups completed two sessions/
day for three months, seven days per week. All patients
continued to take their medication during the study
duration. The structural questionnaires were written in
English and then translated into Arabic.

2.3 Assessment

2.3.1 Spirometry

COPD diagnoses were confirmed with spirometry
that allows the determination of the extent of airflow
obstruction and monitoring progression of the disease
using ATS/ERS standardization of spirometry 2019
Update [24]. FEV1 and FVC (Forced vital capacity)
were expressed as the percentages of the predicted val-
ues. A trained chest physician performs this investiga-
tion. Patients with an FEV1/FVC ratio of less than 0.7
are confirmed to have airway obstruction [25]. Patients
with moderate-to-severe COPD by criteria of GOLD
(GOLD II-III) their FEV1% 30-79% after bronchodila-
tor drugs [19]

2.3.2 Modified British Medical Research Council (mMRC)

It is considered a suitable method for the assessment of
dyspnea symptoms [26-28]. It is a simple and valid tool
for assessing breathlessness in COPD patients [15]. An
mMRC score>2 is used to separate "less breathless-
ness" from "more breathlessness [15]. The ROC curve
indicated a cutoff point of>2 for physical inactivity
with 66%sensitivity, and 56% specificity, while for severe
physical inactivity with 81% sensitivity and 66% specific-
ity, and sedentary behaviour with 61%sensitivity and 70%
specificity [29].

2.3.3 The six-minute walk test (6MWT)

The 6MW'T has been used to measure the functional sta-
tus of patients; it is a predictor of morbidity and mortal-
ity [30]. It was reproducible in COPD patients with an
intra-class correlation coefficient of 50.93 [31]. The study
was performed based on the protocol proposed by the
ATS (American Thoracic Society guidelines). The cor-
ridor length was 30 m, with encouragement that should
be used throughout the test [32]. All participants were
encouraged to walk as far as possible for 6 min. They
instructed in standard Arabic, with each patient will per-
form the test twice on the same day with an hour of rest
between two tests. Before and directly after the test, the
HR (Heart rate), BP (Blood pressure), O, (oxygen satura-
tion) and the maximal distance walked through the test
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were documented in addition to the dyspnea score meas-
ured by the modified Borg scale of each participant.

2.3.4 Modified Borg scale

It is a reliable and comprehensive scale that monitors and
guides exercise intensity. It is an effective tool for predict-
ing performance and defining strategies to increase phys-
ical performance quality. It is a valid measure of dyspnea
in COPD patients [30]. It assesses baseline and post-
6MWT dyspnea and overall fatigue [30]. It is rated from
0 (no dyspnea), where breathing is causing no difficulty at
all, to 10 (maximum dyspnea), where breathing difficulty
is maximal [32].

2.3.5 Inspiratory muscle training (IMT) using classic
POWERbreathe device for (Group A)

The patients were instructed to perform IMT using a
threshold inspiratory muscle trainer MTL-IMT ( POW-
ERbreathe Medic, HaB 2 International Ltd., Southam,
UK) at a resistance generating a pressure corresponding
to 30% of the initial PI max for each session. The inten-
sity was increased (4 5%) after 14 days during the training
to reach 60% of the initial PI max. The training consisted
of twice daily sessions with 30 breaths (4—5 min/session)
performed seven days/week for three successive months.

2.3.6 Diaphragmatic breathing (DB) combined with pursed
lip breathing (PLB) group (Group B)

The patients in group B were instructed to perform DB
with PLB. This training consisted of twice sessions /day
with 30 breaths (4 —5 min/session) performed seven days/
week for three successive months. For DB, the patient is
instructed to take deep inspiration from their nose, make
their abdomen like a balloon, hold their breathing and
expire with a sigh [32]. Additionally, PLB consists of a
soft exhalation performed for 4—6 s against the resistance
of partially closed lips. The patient is ordered to inhale
through the nose, moving the abdominal muscles out-
ward so that the diaphragm lowers and the lungs fill with
air and gently exhale through pursed lips [32].

2.3.7 Study outcomes

The primary outcome is to identify the impact of IMT
using classic POWERbreathe compared to DB plus PLB
exercise in dyspnea and exercise capacity. The secondary
outcome is to compare the efficacy of IMT compared to
DB plus PLB exercise on pulmonary function in COPD
farmers.

2.3.8 Sample size calculation

Before the participants were included in the study, the
sample size was measured using Jamovi 2.3.24 pro-
gram. Based on the previous study, the dyspnea value
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using mMRC was taken into account among our out-
come measurements, and the effect size was 0.982 [33].
According to this study, the number of participants in
each group should be at least 23 with 95% CI and 90%
power.

2.4 Statistical methods

Data processing and analysis using IBM SPSS Statistics
20 (SPSS Inc, Chicago, IL, USA). Descriptive statistics
were analyzed, and parametric data results were reported
as mean tstandard deviation (SD). Statistical assump-
tions are verified through tests of normality by the Kol-
mogorov—Smirnov Test. The independent sample t-test
tested inter-group differences before treatment for para-
metric data and the Mann—Whitney test for non-para-
metric data. The effect of IMT or DP plus PLB before and
after the treatment on dyspnea, lung function parameters
and functional capacity using 6MWT were tested by
paired t-test. The effect size between-groups differences
were calculated using Cohen’s d test to describe the dif-
ferences in the related treatments and classified as small
(d>0.20 and <0.50), medium (d>0.50 and<0.80), and
large (d>0.80). All statistical test was statistical signifi-
cance at p-values < 0.05.

3 Results

The baseline characteristics of COPD participants
before intervention are illustrated in Table 1. A total of
60 patients were included. Each group contained 30
male patients. Both groups had no significant differences
except in BMI (body mass index) and farming duration
p<0.05.

Between groups before the intervention, there
was a significant difference in resting DBP, O,
saturation,6MWT distance,post-6MWT HR, number
of stopping times during 6MWT, post-6MWT dyspnea
using Borg scale, and FEV% predicted p <0.05 illustrated
in Table 2

Table 3 illustrates after three months of intervention,
patients in group A showed that 6MW'T distance and
lung function parameters were significantly increased,
but dyspnea sensation using Borg and mMRC scales sig-
nificantly decreased p <0.05.

While patients in group B showed only 6MWT dis-
tance was significantly increased, dyspnea sensation was
decreased considerably using the Borg and mMRC scales
with no significant improvement in lung function param-
eters p<0.05.

Table 4 illustrates after three months of interven-
tions, differences between groups demonstrated that
Group A showed more significant improvement in
6MWT distance, FEV1%, FVC %, FEV1/FVC, and dysp-
nea scale using mMRC than Group B (p<0.05).In group
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Table 1 Patients’ baseline demographic characteristics among
both groups before intervention

Variables Group A Group B P value
Gender Males Males
Number 30 30
Educational level 0.625°
[lliterate 15 (50%) 12 (40%)
Primary school 7 (23.3%) 9 (30%)
Mid school 8 (26.7%) 9 (30%)
Weight per kg 733+£13.18 70.73+£10.26 0.328°
Height/cm 165.93+6.55 168.87+4.8 0.061°
BMI (kg/hz) 2646+35 2481435 0.046°
Farming duration/year 4193+£1269 332£738 0.000°
Age/years 63.333+7.8 604£53 0.148°
Medical history
HTN 0.564°
Yes 13 (43.3%) 14 (46.7%)
No 17 (56.7%) 16 (53.3%)
DM 0.157°
Yes 21 (70%) 19 (63.3%)
No 9 (30%) 11 (36.7%)
CAD 0.083°
Yes 25 (83.3%) 22 (73.3%)
No 5(16.7%) 8 (26.7%)

BMI Body Mass Index, HTN Hypertension, DM Diabetes Mellitus, CAD Coronary
Artery Disease, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, HR
Heart Rate

2 Sample t-test
5 Mann-Whitney test

A, the 6MWT (p=0.000, effect size Cohen’s d: 1.69),
FEV1 (p=0.001, effect size Cohen’s d: 0.78), FEV1/FVC
(»p=0.003, effect size Cohen’s d: 0.86), FVC(p=0.000,
effect size Cohen’s d: 1.01), and mMRC score (p <0.005,
effect size Cohen’s d: 1.12) compared to group B.

4 Discussion

The main findings of this study are that three months of
intervention in COPD farmers group A showed more
significant improvement in dyspnea and 6MWTD com-
pared to group B. And only group A showed significant
improvement in lung function (FEV1, FEV/FVC, and
FVC) p<0.005.

Our results showed a substantial decline of dyspnea
in both groups using the mMRC scale but a more sig-
nificant decrease in symptoms in group A (effect size
Cohen’s d: 1.12, large effect size). The mean reduction in
the mMRC score was 1.5 in group A, and 1 point decline
was observed in group B from the baseline. Our results
were supported by results of previous studies that IMT
using POWERbreathe training compared to control was
associated with decreased dyspnea intensity [34, 35].
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Table 2 Comparison between two groups of all measurements taken before the intervention
Variables Group A Group B p value
Mean+SD Mean+SD
Resting SBP 136£219 141.53+13.7 0.234°
Resting DBP 780+10.63 824+43 0.047*2
Resting O, saturation 94.07 £1.94 93.73+17 0.037*
Resting HR 84.8+15.04 8347+7.8 0.544°
The 6MWT distance 192.8+£58.56 147.53+34.94 0.000**
Post-6MWT SBP 14047 +21.7 148.0+£9.7 0.074°
Post-6MWT DBP 814+9.8 826+5.7 0653
Post -6MWT O, saturation 928+29 91.1£45 0.113°
Post-6MWT HR 93.8+14.5 121.27+189 0.000%°
Stopping times 0.668+0.94 1.16+0.59 0.002*°
Post-6MWT dyspnea using the Borg scale 48+1.49 6.1+13 0.033*°
Post-6MWT dyspnea using mMRC scale 23+0.73 23+0.76 0.599°
FEV1% predicted 216+54 235+11.7 0.000*®
FEV1/FVC ratio 500+89 488+77 0.459°
FVC% predicted 3953+74 4847+7.7 0497°

IMT Inspiratory Muscle Training, FVC% Forced Vital Capacity, FEVT Forced Expiratory Volume at First Second, O, Oxygen, mMRC Modified British Medical Research
Council, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, HR Heart Rate

? independent sample t-test

" Significance value

Table 3 Comparison between pre and post-intervention in 6MWT parameters, dyspnea and lung function characteristics among

both groups
Variables Group A Group B
Pre-intervention Post- p-value Between Pre-intervention Post- p-value
Mean+SD intervention pre and post- Mean+SD intervention Between pre and

(After three intervention (After three post-intervention

months) months)

Mean+SD Mean+SD
Resting SBP 136+£219 14046+12.9 0312° 141.53+13.7 136.0+12.1 01172
Resting DBP 78.0+10.63 76.6+6.6 0.601° 824+43 945+13.7 0.000*
Resting O, saturation 94.07 £1.94 942+14 0.730° 9373+17 953+1.15 0.000%
Resting HR 84.8+15.04 855+96 0.813° 8347+78 91.3+53 0.000*
The 6MWT distance 192.8+£58.56 277+79.8 0.000% 147.53+34.94 171.7£353 0.001%
Post-6MWT SBP 14047 +21.7 1496+9.7 0.062° 148.0+£9.7 143.7+14.5 0.225°
Post-6MWT DBP 814+£98 794+79 0.405° 826+5.7 86.9+6.8 0.020*
Post -6MWT O, satura- 928+29 94.13+13 0.007*2 91.1+45 9R24+17 0.133°
tion
Post-6MWT HR 93.8+14.5 93.73+£10.6 0.962° 121.27+189 1094+11.6 0.001%
Stopping times 0.668+0.94 0.133+£05 0.003* 1.16+£0.59 0.76+0.56 0.005*
Post-6MWT dyspnea 48+1.49 24+08 0.000% 6.1+13 28+0.76 0.000*
using the Borg scale
Post-6MWT dyspnea 23%0.73 0.76£0.5 0.000** 23+0.76 1.3+0.55 0.000*
using mMRC scale
FEV1% predicted 216+54 3853164 0.000* 235+11.7 264+14.2 0.310°
FEV1/FVC ratio 500+89 5705+85 0.000* 488+7.7 5005+7.5 0314°
FVC% predicted 395374 54.64+16.7 0.009* 38.07+£10.887 39.2+£132 0.578°

IMT Inspiratory Muscle Training, FVC% Forced Vital Capacity, FEVT Forced Expiratory Volume at First Second, O, Oxygen, mMRC Modified British Medical Research
Council, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, HR Heart Rate

2 Paired t-test

" significance value
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Table 4 Comparison of post-intervention effect on 6MWT, dyspnea and lung function parameters between groups
Variables Study group mean Control group mean The response between Difference between  Effect size

change 95% ClI change 95% ClI the two groups mean groups A and B post- Cohen’sd

difference 95% ClI intervention
Pvalue

Resting SBP 440( 4410133) —SSO( 12510 14) 440 (- 2.02to0 10.96) 0.174° 0.35
Resting DBP 3(-64t038) 1(6.5t017.7) —17.8(-=2342t0—1229) 0.000*° 1.65
Resting O, saturation 3(-=0641t00971) 60 (0.5t02.3) —-1.10(-1.8to— 044) 0.002*° 0.84
Resting HR 0.739 (- 5.5 t0 7.007) 780(3.8t011.8) -580(-98t0—17) 0.006*° 0.74
The 6MWD 84.2 (61.5t0 106.8) 24.2(10.181t038.2) 105.3 (73310 137. 2) 0.000%° 1.69
Post-6MWT SBP 9.29 (- 0.481018.8) —-429(-113t027) 590 (-045t0123) 0.068* 048
Post-6MWT DBP -20(-68t028) 430 (O 731t07.9) —750(-=1135t0—371)  0.000*° 1.01
Post -6MWT O, saturation 1.33(0.34t02.3) 6(—044103.1) 1.60 (0.85t0 2.4) 0.000*° 1.05
Post-6MWT HR 2 (6.7 t09.6) 18. 1(1303 to0 23.23) —15.7 (= 21.5t0 —9.96) 0.000%° 14
Stopping times —053( 0.869t0—-0.197) —040(-067t0—-0.129) —0.63(-0.91to—-0.35) 0.000%° 117
Post-6MWT dyspnea 1(16t00.31) —-33(-38t0—-28) —0.333(-0.74t0 0.075) 0.103° 042
using the Borg scale
Post-6MWT dyspnea -15(=017t0-13) -10(-139t0-06) -060(-087t0—-0.32) 0.000*° 112
using mMRC scale
FEV1% predicted 705(1.9t012.1) 2.80(=291t087) 12.11 (4.16 t0 20.06) 0.001*° 0.78
FEV1/FVC ratio 16.92 (10.1 to 23.7) 130 (- 1.7t045) 6.9(2.8t011.16) 0.003*° 0.86
FVC% predicted 15.1(8.18 t0 22.03) 1.13(=28105.12) 1544 (7.6 t0 23.25) 0.000%° 1.01

IMT Inspiratory Muscle Training, FVC% Forced Vital Capacity, FEVT Forced Expiratory Volume at First Second, O, Oxygen, mMRC Modified British Medical Research

Council, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, HR Heart Rate

Our findings are similar to the results of another study
that using IMT causes dyspnea decrease using the base-
line dyspnea index score (the effect size Cohen’s d was
1.67) [36]. Furthermore, when IMT was added to manual
therapy, induced dyspnea decline with a mean decrease
of mMRC was 0.78 score (the effect size Cohen’s d was
0.982) [33]. Contrary to our results, previous studies
showed no significant improvement in dyspnea when
adding IMT to pulmonary rehabilitation [37, 38]. The dif-
ferences in outcomes to IMT among these studies may
be varied according to the severity of COPD, respiratory
muscle strength at baseline, smoking history and dura-
tion of smoking cessions as a respiratory symptom in
COPD patients was lower among ex-smokers > 10 years
earlier compared with current smokers [39]. Further
studies are required to identify rehabilitation responses
among current smokers, ex-smokers and occupational
COPD patients.

On the other hand, our results showed that DB and
PLB training significantly relieved dyspnea matching ear-
lier studies that PLB exercise [40, 41] and DB exercises
were associated with decreased dyspnea [41]. While con-
trary to the results of the previous research, where no
significant differences in dyspnea were observed after the
participants performed combined DB plus PLB exercise
or even using DB training only [22]. The improvement of
dyspnea among group B despite no significant increase
in O, saturation after rehabilitation may be attributed to

none of our participants showing exercise-induced oxy-
gen desaturation (EID) post-6MWT. O, saturation < 88%
with exercise is indicated for continuous oxygen use
in COPD patients with resting non-hypoxemia [42].
In addition, all of our participants were younger, with a
mean age + SD of 60.4 £ 5.3 years, had moderate to severe
COPD and worked in farming only with no smoking his-
tory than previous studies [22, 38].

The explanation for a greater significant decline in
dyspnea sensation in group A than in group B may be
the ability to monitor applied loads’ training through ses-
sions objectively. Furthermore, the IMT protocol using
POWERbreathe was nonspecific, as it encouraged the
recruitment of the diaphragm and all inspiratory muscles
in response to the extrinsic mechanical loading [34]. Pre-
vious studies showed dyspnea improvement is associated
with decreased relative diaphragm electromyography/
diaphragm electromyography maximum (EMGdi/EMG-
dimax) ratio and increased inspiratory muscle endur-
ance time by about three-fold [34]. In addition to IMT,
POWERbreathe was associated with significant and large
increases in inspiratory mouth pressure (Pimax) [43].
However, all of these studies were performed on COPD
induced by smoking—the EMG activity of the diaphragm
and Pimax in occupational COPD pre and post-IMT has
not been illustrated yet.

Our results revealed significant improvement in func-
tional capacity in both groups. IMT group showed more
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significant improvement in 6MWTD (effect size Cohen’s
d: 1.69, large effect size) than patients in group DB plus
PLB exercise. The mean change in 6MWT distance pre
and post-intervention was [84.2 (61.5-106.8 m), 95%
CI], approximately three folds than observed in group
B [24.2 (10.18-38.2 m), 95% CI], with two groups, the
mean difference was [105.3 (73.3-137.2), 95% CI]. Our
results matched those of previous studies that use IMT
to improve functional capacity using 6MWT by 66 m
(Cohen’s d: 0.91), 48 m (the effect size of Cohen’s d was
2.49), and 44 m (effect size of Cohen’s d: 0.56) respectively
[33, 36, 44]. Moreover, previous studies showed that IMT
showed a mean increase in 6 MWT distances by 42 m
after two months of training compared to the control
(17 m) [35]. And a 56m increase in 6MW T distance [45].
Additionally, the meta-analysis showed that IMT signifi-
cantly enhances exercise capacity during 6MWT by 32
m [21]. Studies showed that a distance greater than 50 m
improvement is considered to be the distance clinically
significant for PR programs [20]. The remarkable pro-
gress among our IMT group and previous studies may
have occurred due to lung pressure improvement. Previ-
ous studies showed that both MIP (max inspiratory pres-
sure) and MEP(maximum expiratory pressure) values
improved with IMT [35]. Additionally, our rehabilitation
program is long-term rehabilitation training in compari-
son to previous studies, which is limited to 3 to 8 weeks
[21, 35, 36, 45]. Long-term exercise programs induced a
neural conditioning effect, improving the neuromuscular
recruitment pattern and enhancing muscle strength [46].
Some studies lasted for 3 and 4 months, respectively,
where the training program was three times/per week
[33, 44]. The number of sessions per week could provide
better improvement in functional capacity. Furthermore,
all of our patients had no smoking history, as smoking
was a risk factor for a decline in lung function in COPD
patients and associated with poor outcomes [13]. Future
studies must compare the efficacy of the combination of
pulmonary rehabilitation with POWERbreathe in occu-
pational COPD patients vs COPD induced by smoking
on functional capacity and QOL.

Our results reveal that IMT only significantly improved
pulmonary function parameters with a mean difference
of change between both groups FEV1% [12.11 (4.16-
20.06), 95%CI], FEV1/EVC [6.9 (2.8-11.16), 95%CI], and
FVC% [15.44 (7.6-23.25), 95%CI], p <0.005. Our results
supported by a previous study that IMT compared to the
control group showed significant improvement with a
mean difference of change FEV1% [0.57 (— 0.05 to 1.20),
95%CI], EVC[ 0.65 (0.01-1.28), 95%CI], FEV1/EVC [0.24
(—0.38-0.86), 95% CI] [35]. Contrary to our results, pre-
vious studies reported no significant difference in pul-
monary function parameters in COPD patients trained
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by specific inspiratory muscle training (SIMT) [47].
And results of a previous study using either mechanical
threshold loading (MTL) devices or electronic tapered
flow resistive loading (TFRL) devices in COPD sub-
jects GOLD II for eight weeks [48]. Additionally, despite
only a previous study that included occupational COPD
patients using the same IMT device, this study showed
a slight increase in FEV1 values post- rehabilitation, but
with no statistical significance p >0.05[45]. However, this
study performed pulmonary rehabilitation and included
multidisciplinary programs, including exercise training,
respiratory therapy and therapeutic education, but short-
term rehabilitation lasts three weeks [45]. Other factors
that could have a role in the response of pulmonary func-
tion to IMT could be varied according to smoking his-
tory, smoking index, duration of rehabilitation or genetic
factor. Studies showed COPD with 20 pack-years of
smoking, and those at the highest genetic risk (gene-by-
smoking interactions) showed lower lung function than
those with the lowest estimated genetic risk [13].

On the other hand, our patients in group B showed no
significant differences in lung parameters. Our results
are contrary to the results of previous studies that the
combination of DP plus PLB breathing exercise played a
synergistic effect and promoted lung function improve-
ment in COPD patients[49].In addition to the meta-anal-
ysis results, PLB plus DB provided higher gains in FEV
1, FVC, and FEV1/FVCI[22]. Our finding aligns with the
results of two studies where individualized PLB exer-
cise declared no significant changes in FEV 1, FVC, and
FEV 1/FVC [50]. And results of earlier studies where no
significant difference in FEV 1, FVC, and FEV 1/FVC
between patients trained with and without DB exercise
[51]. Although our research used combined exercise
therapy, no significant changes occurred in pulmonary
parameters like in former studies [22]. This is attributed
to differences in study participants’ average age, severity,
course, and duration of COPD. Further studies included
patients with COPD induced by smoking and occupa-
tional dust needed to illustrate these differences.

Strengthen this study This study is one of the first to
focus on rehabilitating occupational COPD in farm-
ers with a relatively large sample size with long-term
rehabilitation of respiratory muscles using two different
methods.

Limitation of the study This study has some limitations;
we included COPD patients with moderate to severe
COPD working in crop farming in Beni-Suef governates
only. Further studies included farmers with COPD from
different governates with different farming activities.
Future studies include patients with very severe occupa-
tional COPD to identify the impact of breathing exercises
on dyspnea, exercise capacity, and pulmonary function.
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Other studies should include rehabilitating females with
occupational COPD as biomass fuel and comparison of
improvement with men. In our study, we used scales to
assess dyspnea, which can overestimate or underestimate
results; objective measures such as EMG are required to
identify the activity of accessory muscle post-interven-
tion in occupational COPD patients.

5 Conclusion

The results showed that applying IMT through the
threshold POWERbreathe device is practical to enhance
dyspnea sensation, exercise capacity and lung function
in farmers with occupational COPD Farmers. Increasing
awareness among farmers about the hazards of organic
dust on the respiratory system by using interventions
such as wearing protective equipment during dealing
with pesticides to reduce exposure to these chemicals
could contribute to lowering the global burden of COPD.
In addition, pulmonary rehabilitation is essential to
improve QOL and home-based exercise. Future studies
are required with patients from different occupations,
ages, gender and societies.
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