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INTRODUCTION

Obesity is a complex, multifactorial condition that results 
from the interaction of genetic, metabolic, social, cultural 
and behavioural factors.1 It has been estimated that the global 
epidemic of overweight and obesity affects 1.7 billion people 
worldwide.2 In India 88 million individuals are overweight 
and 135 million individuals are obese.3 According to the clas-
sification of BMI for Asian population if Body Mass Index 
(BMI) is between 23-24.9kg/m2 the individual is considered 
as overweight, and if BMI is more than 25kg/m2 then they 
are considered as obese.4

Obesity is known to be a major risk of the whole range of 
cardiovascular, metabolic and respiratory disorders2. Several 
studies have shown that there are excess metabolic pertur-

bations and increased cardiovascular risk factors at a lower 
value of BMI in Asian population as compared to the white 
population. Hence these days multiple studies and several 
guidelines are focusing more on early intervention with diet 
and physical activity in Asian ethnic groups to prevent and 
manage obesity-related non-communicable diseases.4 Due 
to the accumulation of adipose tissues in the abdomen, the 
physiology of breathing gets altered and diaphragmatic fi-
bres get overstretched. This results in length-tension disad-
vantage with lower cardiorespiratory endurance which in 
turn causes diaphragm dysfunction and leads to smaller pul-
monary volumes, greater metabolic demands on the respira-
tory musculature and increased airway resistance resulting 
from a reduction in lung volumes and further increases the 
work of breathing. Also due to truncal fat, there is reduced 
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ABSTRACT
Background: Obesity is known to be a major risk of a whole range of cardiovascular, metabolic and respiratory disorders. In 
obese individuals, respiratory muscles cannot function efficiently due to increased load on them that they are required to over-
come and also due to reduction in their capacity. Respiratory muscle fatigue is a potential mechanism for impaired exercise 
tolerance. 
Objective: The study aims to concentrate on finding whether adding Inspiratory muscle training (IMT) to their exercise protocol 
will be beneficial for overweight and obese individuals. 
Methods: Overweight and obese individuals were divided into group A (n = 30) and group B (n = 30) groups. BMI, inspiratory 
muscle strength and oxygen consumption (VO2max) were assessed pre and post-6-weeks of intervention. Group A performed 
inspiratory muscle training of 3 sets of 10 breathes followed by moderate intensity (Borg’s RPE= 11 -13) of walking 20mins for 
5 days/ week and progressing to 40mis at the end of 6 weeks. Group B performed only walking for 5 days/week for 6 weeks. 
Results: Group A showed statistically highly significant improvement in 6 min walk distance (p value=0.0001), PImax (p value= 
0.0001) and VO2 max (p value= 0.0035). Thus showing significantly better results in Group A. whereas group B did not show 
any change post-intervention (p≥0.05). 
Conclusion: Individuals who performed IMT along with walking showed greater improvement than the individuals who per-
formed only walking.
Key Words: Inspiratory Muscle Training, Exercise performance, Obesity, Aerobic Exercise. Maximum Inspiratory Pressure
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chest wall compliance.2 Also, the above factor causes respir-
atory muscles to develop fatigue during exercises.

Severely obese subjects tend to have a rapid shallow breath-
ing pattern that results in increased oxygen cost of breathing.2 

This in turn compromise leg blood flow thereby constrain-
ing oxygen uptake (VO2) and limiting exercise tolerance.5 
Respiratory muscle fatigue is a potential mechanism for im-
paired exercise tolerance.6 Thus, dysfunction in the ventila-
tory muscles can lead to hyperventilation, reduced exercise 
tolerance; reduced lung function which results in respiratory 
insufficiency along with increased work of breathing. This 
affects the muscle strength of inspiratory muscles.7 During 
exercise there is increased chest loading with reduced lung 
volumes and increased mechanical ventilatory constraints 
in obese individuals. This has been suggested as a possible 
explanation for impaired exercise performance in the obese 
and morbidly obese individuals.8 Increased body fat percent-
age also contributes to the reduction in the functional exer-
cise tolerance.2 This evaluates Respiratory Muscle Strength 
(RMS) and exercises tolerance in such individuals of great 
clinical importance.

The strength of these ventilator muscles is analysed through 
measurement of maximum static mouth pressure (Maximal 
Inspiratory Pressure - MIP) against a closed airway. MIP 
is measured using a capsule sensing pressure gauze which 
is the easiest and non-invasive method of measuring the 
strength of respiratory muscles.2 Respiratory muscle train-
ing increases the strength and reduces the extent of fatigue 
of respiratory muscle hence improving their performance. 
Due to this, the metabolic requirement of inspiratory mus-
cles during exercise decreases. This enhances VO2 dynamics 
resulting in improved exercise performance.6 A threshold de-
vice is a device used for the training of respiratory muscles. 
The threshold device contains a spring-loaded valve at one 
end and a mouthpiece on the other. The valve blocks airflow 
until the patient generates sufficient inspiratory pressure 
to overcome the resistance provided by the spring-loaded 
valve.9 Since respiratory muscles are also skeletal muscles, 
the more they are exercised the bigger and stronger they are 
expected to become.10

Exercise performance is assessed by measuring maximal 
oxygen uptake (VO2max) and 6-minute walk distance us-
ing 6-minute walk test.11 Various metabolic and respiratory 
changes take place during aerobic exercise; it increases the 
capacity to mobilize and oxidize fat and increases the levels 
of fat mobilizing and fat metabolizing enzymes resulting in 
favourable changes in body composition and reducing body 
fat along with regulating the accumulation of visceral adi-
pose tissue. There is an increase in alveolar ventilation caus-
ing diffusion of gases (increase in O2 uptake and excretion of 
the excess of CO2) across the alveolar-capillary membranes 
which improves functional capacity and decreases ventila-

tory demand and thereby improve overall pulmonary ventila-
tion.12 Aerobic training improves contractility of the respira-
tory muscles thus resulting in improved respiratory muscles 
function & strength. It may even increase respiratory mus-
cle function as it increases Forced Vital Capacity (FVC) 
and Forced Expiratory Volume in 1 second -FEV1.2 During 
exercise, abdominal muscle relaxation at the end of exhala-
tion facilitates inspiratory muscles. This places inspiratory 
muscles at an improved mechanical advantage, enabling 
them to generate more pressure at the onset of inspiration. 
Overweight and obese individuals with increased visceral 
adiposity and therefore increased waist circumference tends 
to focus more on weight reduction, neglecting the respiratory 
muscle training in the process of aerobic training schedule.2

MATERIALS AND METHOD

Institutional Ethics Committee approval was taken (IEC no: 
MARCOPAR/05/613) for the comparative study and writ-
ten informed consent was obtained from the subjects after 
fully explaining the nature of the study. 60 subjects with 
BMI 23kg/m2 to 29kg/m2 (overweight and obese according 
to Asian classification)4 of age 20-40 years both males and 
females13 and individuals with MIP value less than -80cm-
H2O

14 were included in the study. Subjects with a known case 
of respiratory and cardiovascular disorders, musculoskeletal 
disorders about thorax and lower limbs and individuals who 
were involved in any physical activity or sports activity or 
aerobic training >2days a week during past 3months 2    were 
excluded from the study.

Participants were randomly allocated by chit method into 2 
groups- Group A (24.20±4.11 years) and group B (22.87±3.85 
years). Group A underwent an inspiratory muscle training 
programme along with aerobic exercise. Group B underwent 
aerobic exercise training alone. Both the groups had 30 sub-
jects each.

Study Procedure
Maximal inspiratory pressure (PImax) – for obtaining res-
piratory muscle strength, capsule sensing pressure gauge with 
an operational interval of -250 to 0 cmH20 was used. The cali-
bration of equipment was tested assuring the reliability of the 
data collected. Intra- rater reliability was 0.962 and inter-rater 
reliability was 0.922.1 MIP values were obtained by asking 
the subject to do inspiration from residual volume (RV). The 
manoeuvre was sustained at maximal force for approximately 
one second and the highest value was computed from a mini-
mum of three repetitions for each manoeuvre. Measurements 
were performed according to standard procedures.15

Exercise Performance –exercise performance was meas-
ured by calculating VO2 max and 6 Minute Walk Distance by 
using the 6-minute walk test.16
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Subjects were asked to walk with comfortable loose cloth-
ing and appropriate shoes, subjects performed 6-minute walk 
test in a 30 m corridor according to ATS guidelines.

a)	 The VO2 max was calculated using the following for-
mula,16

	 VO2 max =VO2mL kg-1 min-1   = (0.02 × distance [m]) 
- (0.191 ×age [yr]) - (0.07 × weight [kg]) + (0.09 × 
height [cm]) + (0.26 RPP ×[10-3]) +2.45

b)	 6-minute walk distance is the distance subject can 
walk in six minutes in their own comfortable pace 
without getting breathless.

Exercise protocol- Group A underwent IMT and aerobic ex-
ercise training for 5 days a week for 6 weeks. First IMT was 
given with a pressure threshold resistive device followed 
by aerobic exercises. Group B underwent aerobic exercise 
alone.

Inspirational Muscle Training (Group A)

Instruction
The subjects were in a sitting position on a chair with com-
fortable clothing. Nose clip was placed and subjects were 
asked to exhale completely and put the mouthpiece of the 
IMT in the mouth and inhale maximally to open the valve of 
the Inspiratory Muscle Trainer. 

Protocol
IMT with a pressure threshold resistive training device was 
done. 5 sessions weekly for 6 weeks for Group A whereas 
Group B didn’t perform any inspiratory muscle training. The 
initial training load was attempted at 40%5 of the subject’s 
baseline PImax for 7 minutes.  Frequency of 3 sets of 10 
breathes; with a rest period of 2 minutes between each set 
was done. After the first two weeks, PImax was increased to 
60 % of baseline PImax. After 4 weeks 80% of the subject’s 
baseline PImax was achieved.11,18,19

 

Aerobic Exercise (Group A and B)

Instruction
The subjects were asked to wear loose and comfortable 
clothing and proper footwear. Borg’s scale (6-20) was ex-
plained to the subjects to monitor the intensity of walking. 
The subjects were asked to walk on the level surface ground.

Protocol
Subjects were told to perform warm-up exercises for 5min 
which consisted of all range of motion exercises (ROM) and 
marching for 1 minute.20

Aerobic exercise (walking): A moderate intensity   (Borg’s 
RPE 11 -13) exercise training was performed for 5 days a 
week for 6 weeks, during exercise training, the intensity was 

controlled by measuring Rate of perceived exertion of 11 
-13 using Borg (6-20) scale.2 In the first two weeks, subjects 
walked for 20mins. Then it was progressed for 30 minutes in 
3rd and 4thweek. In the last two weeks, subjects were asked to 
walk for 40mins.21 Cooldown was done for 5 minutes which 
included stretching of all major group muscles, each stretch 
was held 30 counts and two repetitions.20

Statistical Analysis 
Statistical analysis was done by using SPSS IBM ver-
sion 20 (Statistical package for social sciences) All data 
in the study was presented as mean ± standard deviation. 
the p-value of ≤ 0.05 was considered statistically signifi-
cant. Within the group, the comparison of the pre and post 
data was done by using paired t-test and between the two 
groups comparison was done using unpaired t-test. Demo-
graphic data of both the groups were comparable (p≥0.05) 
(Table 1) 

RESULTS

The Respiratory Muscle strength (PImax) and exercise per-
formance in terms of maximum oxygen uptake (VO2 max) 
and 6 Minute Walk Distance (6MWD) of the participants 
of the group A and Group B were taken at the beginning(0 
weeks)and the end of the six weeks.

Table 1: Pre and Post Treatment Comparison of 6 
min walk distance; PImax and VO2 max of subjects of 
Group A(Inspiratory muscle training +Aerobic exer-
cise)

Group A Mean± SD t – 
value

p-
value

6 min walk 
distance 
(meters)

Pre – Treatment 429.43±47.15
2.1779 0.0335

Post – Treatment 456.50± 49.11

PI Max 
(cmH2O)

Pre – Treatment 43.67± 9.12
5.5278 0.0001

Post – Treatment 57.63± 10.40

VO2 Max 
(mL/kg/
min)

Pre - Treatment 17.96± 2.01
0.8754 0.3850

Post - Treatment 18.42± 2.06

Pre and post-treatment means were analyzed by performing 
paired t-test. There was statistically significant improvement 
seen in 6 min walk distance (p value=0.0335) and PI max (p 
value= 0.0001) whereas VO2 max did not show any differ-
ence (p-value = 0.3850) (Table 2).
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Table 2: Pre and Post Treatment Comparison of 6 
min walk distance, PImax and VO2 max of subjects of 
group B (Aerobic exercise only)
Group B Mean± SD t - 

value
p-

value

6 min 
walk 
distance 
(meters)

Pre - Treatment 449.97 ±52.95 1.0324 0.3062

Post - Treat-
ment

464.23 ±54.04

PIMax 
(cmH2O)

Pre - Treatment 47.27 ±14.23 1.1562 0.2523

Post - Treat-
ment

51.53 ±14.31

VO2 Max 
(mL/kg/
min)

Pre - Treatment 17.88 ±1.75 0.6309 0.5306

Post - Treat-
ment

18.17 ±1.81

Pre and post-treatment means were analyzed by performing 
paired t-test. There was no statistically significant difference 
in pre and post-treatment values of 6 min walk distance (p-
value =0.3062), PImax (p-value = 0.2523) and VO2 Max (p-
value = 0.5306) (Table 3).

Table 3: Comparison of 6 min walks distance, PI Max 
and VO2 Max between subjects of Group A and Group 
B
Mean Difference Mean ± SD t - 

value
p-value

6 min walk dis-
tance (meters)

Group A 27.07 ± 9.49
5.7190 0.0001*

Group B 14.27 ± 7.76

PI Max (cmH2O) Group A 13.97 ± 4.82
10.218 0.0001*

Group B 4.27 ± 1.95

VO2 Max (mL/kg/
min)

Group A 0.46 ± 0.24
3.0419 0.0035*

Group B 0.29 ± 0.19

Pre and post-treatment means were analyzed using unpaired 
t-test Group A showed statistically significant improvement 
in 6 min walk distance (p value=0.0001), PImax (p value= 
0.0001) and VO2 max (p value= 0.0035) when compared 
with group B

DISCUSSION

The purpose of this study was to compare effects of aerobic 
exercises along with inspiratory muscle training and aerobic 
exercises alone on respiratory muscle strength (PImax) and 
exercise performance (VO2 max and six-minute walk dis-
tance). The study was conducted on 60 subjects who were 
divided into two groups, group A underwent inspiratory 
muscle training along with aerobic exercises and group B 
performed only aerobic exercises for 6 weeks.

Group A showed statistically significant improvement in 
PImax and 6-minute walk distance post-intervention as 
shown in table 1. Group B did not show statistically signifi-
cant improvement in 6MWD, PI max and VO2max as shown 
in table 2. When group A and B were compared, group A 
showed better results than group B as shown in table 3.

Altered respiratory mechanics in overweight and obese indi-
viduals is due to the accumulation of visceral adipose tissue. 
As aerobic exercises were performed by both the groups, 
aerobic exercises might have helped in decreasing the body 
fat and regulating the accumulation of visceral adipose tis-
sue, thus improving functional capacity. This may contribute 
to improving 6MWD and VO2 max in both the groups.2

A study conducted by Sonam Daftari2 “Effect of aerobic 
exercises on respiratory muscle strength in overweight and 
obese individuals” stated that in the early phase of the train-
ing period, during aerobic exercises, to fulfil the increased 
ventilatory and metabolic demands, the diaphragm had to 
work against the resistance posed by the visceral adiposity. 
As visceral adiposity is commonly found in obese individu-
als, this would overload and trigger the increase in the activ-
ity of respiratory muscles causing its conditioning and thus 
increasing the Respiratory Muscle Strength.2As after few 
weeks of aerobic exercises, visceral adiposity is considered 
to have decreased, the diaphragm would have worked in a 
mechanically advantageous position.2   This might result in 
improved PImax seen in both groups.

Due to aerobic exercise, there is an increase in aerobic en-
zyme levels and oxidative capacity of the respiratory mus-
culature. Aerobic training also increases inspiratory muscle 
capacity to generate force and sustain a given level of in-
spiratory pressure.22 Improvement in VO2max in both groups 
as seen in table 1 &2  may be due to aerobic training effect, 
which probably may be due to improved cardiac output, pul-
monary diffusion capacity, alveolar-ventilation-to-perfusion 
ratio, Increase in oxygen extraction and utilization by the 
working muscles thus improving its efficiency, increase 
in capillary density, increase in muscle myoglobin content 
which might have increased the rate of oxygen transport and 
possibly the rate of oxygen diffusion to the mitochondria, 
increase in lactate threshold at sub-maximal workload and 
oxidative potential of muscles, thus improving the muscles 
metabolic function.2,23These could be the possible reasons 
for the increase in respiratory muscle strength and exercise 
performance after aerobic exercises in both groups in our 
study.

Additionally group A underwent inspiratory muscle training 
program. Like other skeletal muscles, after training of in-
spiratory muscles, there is an improvement in the strength of 
inspiratory muscles. In obese individuals there is increased 
load on the diaphragm which leads to fatigue of the dia-
phragm, thus there is the recruitment of accessory muscles. 
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IMT is proven to reduce fatigue of diaphragm which in turn 
reduces the recruitment of accessory muscles and also im-
proves the pattern of recruitment of diaphragm muscles.11,24 
This may be the possible reason for improved respiratory 
muscle strength in group A as shown in table 1.

Some studies have reported greater quantities of type II mus-
cle fibres and smaller quantities of type I fibres in obese indi-
viduals.25 A study conducted by Alba Ramı´rez-Sarmiento18 
demonstrated that the external intercostal muscles of patients 
with COPD can express structural remodelling after specific 
inspiratory training.  Both the proportion of type I fibres and 
the size of type II fibres were found to increase after train-
ing.18 So, the possible reason for the increase in respiratory 
muscle strength (PImax) in our study could be the structural 
remodelling of type I and type II fibres of the external inter-
costal muscle.

As inspiratory muscle training and aerobic exercises results 
in an improvement in respiratory muscle strength this also 
helps in improving exercise performance in three ways: A. 
Reduce overall exercise energy demands because of less res-
piratory work; B. reduce lactate production by the ventila-
tory muscles during intense, prolonged exercise’s. Enhances 
the circulating lactate as metabolic fuel.22 A study was done 
by Stephen J. Bailey about the effect of IMT on pulmonary 
kinetics and exercise tolerance in healthy human states that 
fatigue of the inspiratory muscles occurs due to accumulation 
of fatigue-related metabolites including lactic acid which 
stimulates diaphragm innervating metaboreceptors. This 
activates meta bore flex invoking sympathetically mediated 
vasoconstrictor outflow and a reduction in limb blood.6 They 
observed reduction in blood lactate accumulation during the 
first 6 min of severe exercise after IMT, which may be, in 
part, due to the reduced inspiratory muscle fatigue.6

It is hypothesized in one of the review article by A Willian 
Sheel that during exercise the Respiratory muscles compete 
with limb locomotor muscles for their share of cardiac out-
put. When the work of breathing is reduced, blood flow to 
exercising legs is increased and endurance performance is 
increased. While inspiratory muscle training decreases the 
work of breathing and perception of respiratory exertion, this 
may contribute to improved exercise performance.26 Improv-
ing inspiratory muscle performance may improve ventilatory 
capacity and thus increases exercise performance in patients 
with chronic airflow limitation.9 Same may also be true in our 
study where improvement in ventilatory capacity might have 
resulted in better improvement in exercise performance in the 
group performing additional inspiratory muscle training.

These all can be possible reasons for better improvement in 
exercise performance in group A as compared to group B 
which shows that adding inspiratory muscle training to aero-
bic exercises improves inspiratory muscle strength and exer-
cise performance in overweight and obese individuals.

CONCLUSION

Adding IMT to conventional walking program improved 
subjects inspiratory muscle strength and their exercise per-
formance.
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