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Abstract
Background and aims: Impaired (Restricted) lung function, is one of the Keywords
major problems of iron ore mine workers, exposed to occupational dust. In Restrictive pulmonary
this regard, there is limited evidence that shows the benefits of pulmonary disease (RLD)

rehabilitation in restrictive lung disease. Moreover, the purpose of this study was
to investigate the effects of 12 weeks of moderate intensity, periodic exercises,
on the pulmonary function’s basic parameters, in the patients with Restrictive Interval Training
Lung Disease (RLD), working in polluted environment of Iron ore mines.

Polluted environment

Forced Vital Capacity
Methods: To accomplish this, 30 patients with a mild restrictive pulmonary
disease, were selected from workers of Sangan Iron mine in the city of Khaf,
then they were randomly divided into two groups: 1) periodic exercise with
moderate intensity and 2) control. The study’s duration was 12 weeks (3 sessions
per week). During this period, the travelling time, progressively increased from
10 to 32 minutes. At the beginning and the end of the study, pulmonary indices
(FEV1 and FVC) and functions (Maximum Aerobic Speed (MAS) test), were
performed and used for the final statistical analysis, as well as Rate of Perceived
Exertion (RPE).

Forced Expiratory Volume

Results: The results showed that the respiratory parameters in the first

group (FEV1 and FVC), increased significantly (p<0.001). Meanwhile, in the

treatment group, average travelling distance significantly increased in the MAS Received: 2018/10/31
test (P<0.0001). Also, after the intervention time, the Rate of Perceived Exertion Accepted : 2019/11/6
(RPE) significantly decreased.

Conclusion: Based on the results obtained from this research, the moderate
intensity periodic exercises, improved the indication of the cardio-pulmonary
performance in the RLD workers. Also, the same protocol can be used in other
jobs with polluted environment.
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EXTENDED ABSTRACT

INTRODUCTION

Long recognized as being arduous and liable
to injury and disease, iron mining is an ancient
occupation. Coal mine dust, is a mixture of more
than 50 substances. The high level of dust exposure
in different types of mines and impaired lung
function, is one of the common health concerns of
miners exposed to inorganic dust. Acute respiratory
exacerbation resulting from impaired lung function,
increases the morbidity and mortality rate, in workers
who are exposed to occupational dust, including
the iron mine workers (1). Chronic respiratory
conditions are diagnosed, using the lung function
tests that primarily evaluate the forced vital capacity
(FVC) and forced expiratory volume in 1 second
(FEV)). By predicting the percentage value of the FVC
and FEV| with FEV, /FVC ratio (2), restrictive and
obstructive lung disorders are clinically diagnosed.
Large epidemiological studies have revealed that,
as a result of interstitial lung disease, a substantial
proportion of the population, have non-obstructive
abnormal spirometry results. A lot more than what
was expected. The Restrictive Spirometry Pattern
(RSP) or restrictive impairment is the most widely
accepted term to define non-obstructive spirometry.
Patients with Restrictive Lung Diseases (RLD), often
report a positive impact on their exercise tolerance,
muscle power, daily living activities and health-
related qualities. An increased level of fatigue and
dyspnea wasreported as well. Respiratory impairment
and alterations in gas exchange may obviously cause
exercise limitation in these patients. Peripheral
muscle weakness is considered to implicate in their
disability and handicapness (3).

Pulmonary rehabilitation, is an established
therapeutic intervention in Chronic Obstructive
Pulmonary Disease (COPD), which improves the
exercise tolerance and quality of life and reduces
hospital admission. However, evidence of the
pulmonary rehabilitation’s benefits, in restrictive
lung disease is limited. In a review of the benefits of
pulmonary rehabilitation in non-COPD patients,
Crouch and Macintyre have suggested that functional
improvement of non-COPD patients, are similar to
those obtained by COPD patients. Also, in another
study, Kagaya and colleagues, determined the
effects of home-based pulmonary rehabilitation in
RLD patients. These Patients showed a significant
improvement in, inspiratory and expiratory muscle
power, the 6-minute walking distance, the chronic
respiratory disease questionnaire, the short-form 36,
and decreased MRC scores, after 6 months (4).

On the other hand, physical activity is commonly
prescribed as a rehabilitation treatment for these
patients. Recent studies have shown positive effects
of aerobic training on indices such as FVC, FEV and

maximum oxygen intake. In addition, as demonstrated
by changes in oxidative enzyme protein content/
activity as well as improved insulin sensitivity, high-
intensity interval training, is a time-efficient strategy
to induce rapid adaptation in skeletal muscles. Also,
this training module is more appealing compared to
moderate-intensity exercises (5).

In relation to pulmonary diseases, Glosekl and
colleagues, compared Moderate-intensity Continuous
(MIC) treadmill workout with High-intensity
Training (HIT) in patients with COPD. It seems that
both MIC and HIT treadmill workouts are feasible
exercise schedules. Therefore, high-intensity interval
training is considered as a new rehabilitation method
in patients suffering from RLD (6). However, the
effectiveness of this types of exercises in RLD patients
has not been investigated so far. A few studies has been
done, about the effectiveness of exercise and training
on pulmonary performance, in the contaminated
urban environments. In addition, in the available
publications, there are no records of studies that
have considered the effects of high-intensity interval
training in patients with restricted lung diseases
(RLD) involved in Polluted environment such as iron
ore mines. Therefore, the main aim of the study was
to test whether high-intensity interval training (HIIT)
affects workers suffering from restricted lung diseases
(RLD) working in Polluted environment of iron ore
mines.

METHODOLOGY
Study design and participants:

The present study was a semi-experimental study,
which was carried out using pre-testing and post-
testing of the two groups. The statistical population
of this study were iron ore miners (600 people) that
worked at five mining points (extraction, crushing,
road building, mining and site security). At the end,
30 people were divided into 2 groups (HIIT group,
n=15; control group, n=15).At the beginning and the
end of the training period, pre-tests were performed
to measure the pulmonary (spirometry), functional
(aerobic maximum test), RPE, as well as their heights
and weights. Since, at the time of the study, there were
no clinical trial registration centers in our country,
clinical trials of the two groups, on the bases of the
Helsinki’s declaration, was conducted without any
registration. Participants signed a written agreement
prior to their participation. Also, the study was
approved by the ethics committee of Birjand University
of Medical Sciences (Ir.bums.REC.1396.286).

Assessment
Pulmonary Function Tests:

Pulmonary function tests, including the
spirometry total lung capacity test, were performed
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according to standard techniques and ATS/ERS
guidelines.”” All the measured parameters were
presented by the percentage of predicted (% pred)
values of the European Community of Coal and
Steel, even though they were published in the liter
volume(7).

Maximum Aerobic Speed test (MAS):

Exercise tests, are commonly used to evaluate
the disabilities and the treatment responses of the
pulmonary patients. In recent years, there has been
increasing interest in the simple exercise tests, that
do not require complex technology to perform,
and are more relevant to daily activities compared
to cycle ergometer oxygen consumption tests. The
most common simple exercise test is, the Six-Minute
Walking Test (6MWT), that can be performed in most
clinical settings and does not ordinarily require close
medical supervision. The Maximum Aerobic Speed
Test (MAST), is another kind of exercise tests. The
maximal test was carried out on the 200-m outdoor
track calibrated by cones. The rate of perceived efforts
was immediately measured after the test, using a
dyspnea category ratio (CR) 10 scale (8).

Training intervention:

The exercise program included three days of high-
intensity endurance training per week (for 12 weeks).
The exercise program included 1-minute training
(with 60-85% MAST) and 1-minute rest intervals

Effects of Moderate Intensity Interval Training ...

(with 30-55% MAST). Total time spent, progressively
increased from 10 minutes to 32 minutes (Table 1).
The second group did nothing but their professional
work. During all exercise sessions, patients were
monitored for blood pressure, heart rate and any other
symptoms. During the sessions, patients were also
educated for symptom management and encouraged
to increase their physical activity level on non-training
days (6).

Statistical Analysis:

All  clinical and physiological parameters
were presented as mean + SD. Patient’s baseline
characteristics, including all primary and secondary
parameters, and the delta changes from baseline
(A=post- pre-intervention), were compared between
the MIIT and the control groups by independent two-
sample t test. The statistical analyses were conducted
using SPSS v.22 software. The level of significance was
set at p < 0.05.

RESULT

Baseline characteristics and physiological data
of the HIIT (n =15) and the control groups (n = 15)
are shown in table 2. At the baseline, there were no
differences between the groups regarding the patient’s
characteristics, comorbidities, physiological and
clinical parameters or medications (Table 2 and 3).

Following the intervention, the primary and
the secondary outcomes were achieved in the study.

Table 1. Training program of Intervention group

Group 1st Month

2nd Month 3rd Month

2 Sets, 3 Repetitions
1- minute with 60% of MAST

3 Sets, 3 Repetitions
1- minute with 70% of MAST

4 Sets, 4 Repetitions
1- minute with 85% of MAST

HITT 1- minute with 30% of MAST 1- minute with 40% of MAST 1- minute with 55% of MAST
4-minute: rest between sets 4-minute: rest between sets 4-minute: rest between sets
Table 2. Baseline characteristics of the study population (n = 30)
Control (n=15) HIIT (n=15) P value

Age, years 31.53+£0.74 21.13 £ 1.03 0.13
BMI 24.8 +£0.71 23.77 £ 0.68 0.15
Work History in Iron Ore Mine, years 52105 4.7+0.6 0.12
Resting pulmonary parameters

FVC (Lit) 2.86 £0.12 3.64+0.15 0.08
FEV, (Lit) 2.75+0.14 3.41+0.16 0.12
FEV./FVC (%) 95.68 + 1.70 93.53 + 1.40 0.18
Exercise capacity and dyspnea

Maximal Aerobic Speed Test (meter) 460.20 + 2.09 469.53 + 1.87 0.12
Dyspnea category ratio (CR) 10 scale 3.73+£0.15 6.86 + 0.53 0.25

Values are presented as means + SD or n (%).
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Table 3. Mean changes from baseline to 12 weeks (raw differences) and mean differences of changes between the
HIIT and the control groups for primary and secondary parameters in RLD patients

Control (n=15) HIIT (n=15) Mean difference (95% CI) P value

Pulmonary function test
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A FVC (Lit) -0.12 £ 0.04 0.59 +0.05 0.71 (0.57 to 0.86)* 0.0001
A FEV (Lit) -0.16 = 0.04 0.34 +0.04 0.50 (0.38 to 0.62)* 0.0001
A FEVI/FVC (%) -9.43 £6.29 -5.17£0.8 4.26 (-8.74 to 17.26) 0.5
Exercise capacity and dyspnea

A Maximal Aerobic Speed Test (meter) 126+ 1.4 103.6 £ 3.12 102.3 (95.3 to 109.3)* 0.0001
A Dyspnea category ratio (CR) 10 scale 3.4+0.27 -3.4+0.25 -6.8 (-7.5t0 -6.02)* 0.0001

Values are presented as means + SD or n (%). Significant differences between the groups: * p < 0.001.

Compared to the control group, the HIIT group
improved their functional capacity (mean differences
of raw deltas): AMAST, 95.54 meter (95% CI 95-109,
p < 0.0001); pulmonary function: AFVC, 0.71 Lit
(95% CI 0.57-0.86, p < 0.0001); AFEV , 0.5 Lit (95%
CI 0.38-0.62, p < 0.0001), and dyspnea category ratio
(CR) 10 scale: ACR, - 6.8 points (95% CI -7.5 to -6.01,
(p < 0.0001); Table 3).

CONCLUSIONS
In conclusion, our results strengthens the evidence
for the role of HIIT-based pulmonary rehabilitation

program in RLD patients. HIIT improves the
pulmonary functions, exercise tolerance, functional
capacity and the dyspnea category ratio (CR) in
patients suffering from RLD. Our suggestion is to
include, the supervised group HIIT of RLD patients,
as a part of the standard comprehensive treatment.
More research is warranted regarding the long-term
prognostic impact of this treatment on RLD.
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