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ABSTRACT

Introduction: Overweight or obesity can cause dangerous 
health problems and impair quality of life. Due to change in 
life style and lack of physical activity the problem of obesity is 
increasing by fast rate in 21st century. Obesity is important risk 
factor for diabetes, hypertension, atherosclerosis, cancer etc. It 
also causes disturbances in the respiratory functions. 
Material and Methods: The study included 100 adult male 
Medical students, 50 obese and 50 non obese in age group of 
18 to 22. We have fulfilled inclusion and exclusion criteria 
and taken consent to enrol in the study. Obese subjects were 
taken as Case group in a study and Non- obese were taken as 
control. Height and weight were measured to find out BMI 
(Body mass index). WC (waist circumference), HC (Hip 
circumference) and W/H (waist hip ratio) was measured to 
see the adiposity. Respiratory muscle strength was assessed 
by respiratory pressure apparatus manufactured by Vacumed, 
California, USA.
Results: It was observed that the respiratory parameters, mean 
maximum expiratory pressure (MEP) was 102.48 cmH2O (+ 
8.21) in obese group and 82.84 cmH2O (+ 6.84) in non obese 
group while mean maximum inspiratory pressure (MIP) was 
88.82 cmH2O (+ 6.46) in obese group and 68.92 cmH2O (+ 
5.96) in non obese group. Pearson correlation analysis shown 
that MEP and MIP of the groups were associated weak positive 
to moderate positive with WC, HC and W/H ratio, but it was 
not statistically significant.
Conclusion: The alterations in respiratory muscle strength 
by obesity were evidenced in the parameters MEP and MIP, 
suggests that obesity affects to the respiratory mechanics. 
Overload of fat on respiratory muscles and chest region 
require more pressure during respiration. It may be prevented 
if active measures are taken to reduce weight by change in 
lifestyle & food habits.
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INTRODUCTION
Obesity is a fast growing global health, social and 
economical problem. It is also called as disease of 21st 
century.1 It develops due to imbalance of energy intake 
and energy expenditure. Obesity is defined by WHO as “A 
Medical condition in which excess body fat has accumulated 
to the extent that it may have adverse effects on health 
consequences”. The BMI is an attempt to quantify the 
amount of fatty mass in an individual, and then categorize as 
underweight, normal weight, overweight, or obese, based on 
BMI value2, given in table No.1. People of Asian region have 
different associations between BMI, percentage of body 
fat, and health risks than those of European region. It has 
a higher risk of type 2 diabetes and cardiovascular disease 
at lower BMI than the WHO cut-off point. Though the BMI 

cut off for observed risk are different in different countries 
among Asian populations.3

World health organisation in 2005 have estimated total 
numbers of overweight were 937 million (922– 951 million) 
and obese adults were 396 million (388–405 million). By 
2030, the number of overweight predicted to be 1.35 billion 
and obese adults 573 million individuals without adjusting 
for secular trends. If recent secular trends continue, the 
numbers were projected to total 2.16 billion overweight 
and 1.12 billion obese individuals.4 The lifestyle of society 
is changing from agricultural life to industrial life, where 
sedentary activities are increased. Eating habits, frequency & 
fat content of food has increased. It increases the prevalence 
of obesity. Surprisingly obesity is often neglected although 
it is associated with serious health consequences like type 2 
diabetes, heart & vascular diseases, cancer and respiratory 
dysfunction5 etc. Various complications of obesity on 
respiratory functions were studied by many researchers. Few 
studies are conducted in India on obesity and respiratory 
muscle strength, and also obtained controversial findings. 
Respiratory muscle strength (RMS) is responsible for 
respiratory mechanics. Expansion during inspiration 
& recoiling during expiration is totally depends on the 
respiratory muscle strength. The RMS was measured as MEP 
(Maximum expiratory pressure in cm H2O) from Forced vital 
capacity & MIP (Maximum inspiratory pressure in cmH2O) 
from residual volume, which are the pressure values produced 
during forced expiration & deep inspiration respectively.6 
Respiratory muscles generate the pressure differences that 
drive ventilation.7 MEP & MIP are similar like Valsalva’s 
& Muller’s respiratory manuvers respectively & its unit is 
cmH2O. Some researchers have shown increment in MEP & 
MIP due to obesity. While others shown decrement in MEP 
& MIP. Some studies shows no change in MEP & MIP due 
to obesity. So we aimed to study the effects of obesity on 
respiratory muscle strength for possible findings.

MATERIAL AND METHODS 
The study was carried out among students of MGM Medical 
College, Aurangabad on male subjects of age group 18 to 22 
years in the period of December 2015 to November 2016. 
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Subjects were selected and screened from mix group for 
participation in the study. Written consent was taken from 
each subject 
Anthropometric data collection – 
Weight and height of participants were measured without 
wearing shoes and heavy cloths. These parameters were used 
to calculate the BMI, using formula, 
BMI = Wt. In Kg/Ht. in m2 
1. Adults with BMI more than 25 kg/ m2 – Obese.
2. Adults with BMI in between 18.5 kg/m2 to 24.9 kg/m2 - 

Non obese.
3. Adults with BMI less than 18.5 kg/ m2 were excluded 

from the project.
The cut off value of BMI kept 25 kg/ m2 as it is recommended 
for Asian population.The 50 subjects were included in the 
case group whose BMI were was more than 25 kg/ m2. The 50 
subjects were included in the control group whose BMI was 
in between 18.5 kg/ m2 to 24.9 kg/ m2. Waist circumference 
and hip circumference were measured. W/H (waist hip ratio) 
was calculated to clear the adiposity in obesity. A brief 
personal history was taken. General examinations, vitals and 
systemic examinations were completed. Blood pressure was 
measured in sitting position to screen hypertension. 
Respiratory muscle strength (RMS) was measured by mouth 
pressure apparatus manufactured by VACUMED, California, 
USA. It measures MEP & MIP at mouth during forced 
expiration and deep inspiration, by holding mouth piece in 
mouth with tightly closed lips and with applied nose clip.

Inclusion criteria – Clinically healthy willing in study, 
male Medical students between age group of 18 – 22 years. 
Subjects who were obese to their respective age were 
specifically selected. Normotensive subjects with Systolic 
BP – 110 to 140 mmHg and Diastolic BP -70 to 90 mmHg in 
sitting position were included in the study. About 50 subjects 

were selected as obese according to their BMI as case group 
and bout 50 non obese subjects as control group. 

Exclusion criteria – Subjects who were suffering from any 
medical illness, anxious, apprehensive and non cooperative 
students and any previous history of disease or hereditary 
aspect of disease were excluded from the study. Subjects 
having respiratory infections, any other respiratory disease, 
hypertensive, & having any musculoskeletal deformities 
were also excluded. 

STATISTICAL ANALYSIS
The collected data was tabulated and analysed by SPSS 
statistical software. Paired students ‘ t’ test, and Pearson 
analysis was used for results.

RESULTS
Subjects were screened for obesity having BMI more than 25 
kg/m2 & included in case group. Subjects having BMI 18.50 
to 24.9 kg/m2 are included in control group. 50-50 subjects 
included in both groups. Needed data collected from both 
groups. Further statistical analysis was done of collected 
data of both groups.
In the anthropometric parameters data in relation with 
height shows no statistical significant difference. But weight 
and BMI values were statistically significant with P value 
< 0.001. BMI mean value of case group was 28.24 with 
standard deviation of 2.03 and of control group mean BMI 
was 21.46 with standard deviation of 1.62. The t value of 
BMI was 18.446. In the WC, HC and W/H ratio also values 
were statistically significant in both groups with P value < 
0.001 (table-2).
In the respiratory muscle strength parameters mean MEP in 
case group was 102.48 with standard deviation of 8.21. & 
in control group MEP was 82.84 with standard deviation of 
6.84. The difference was statistical significant with P value 
< 0.001 in case and control group. The t value of MEP was 
13.001. In MIP, the mean value of case group was 88.84 
with standard deviation of 6.46 and in control group mean 
was 68.92 with standard deviation of 5.96. Statistically 
significant difference was observed with P value of < 0.001. 
The t value of MIP was 16.01 (table-3) (figure 1,2).
In results of Pearson correlation analysis of respiratory 

Parameters WHO criteria 
(BMI kg/ m2)

Asian criteria 
(BMI kg/ m2)

Underweight Below 18.5 Below 18.5
Normal weight 18.5 – 24.9 18.5 - 22.9
Overweight 25 – 29.9 23.0 – 24.9
Obese ≥ 30 ≥ 25

Table-1: Classification of obesity based on BMI

Variable Group Mean Std. Deviation t Sig. 
 (2-tailed)

Ht (cm) Case 172.20 6.49 0.302 0.764
Control 171.80 6.77

Wt (Kg) Case 83.24 5.95 13.897 P <0.001
Control 64.44 7.49

BMI (kg/sq.m) Case 28.24 2.03 18.446 P <0.001
Control 21.46 1.62

WC (cm) Case 37.74 3.53 12.232 P <0.001
Control 30.66 2.08

HC (cm) Case 42.76 3.35 11.193 P <0.001
Control 36.74 1.80

WC/HC Case 0.88 0.04 5.951 P <0.001
Table-2: Anthropometric data analysis
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muscle strength parameters (MEP & MIP) with WC, HC & 
W/H ratio shows weak to moderate positive correlation in 
the case and control group (table-4). 

DISCUSSION
In the present study we found significant difference in the 
BMI. In the result the BMI of case group mean was 28.03 
with deviation of +2.03. This was the obese group according 
to the BMI cut-off for Asian & Indian population as given 
in literature of WHO.2 It was compared with control group 
having mean BMI of 21.46 with standard deviation of +1.62. 
Correlation of BMI and respiratory parameters were strongly 
present in our study. For further understanding of adiposity 
in the obese group we have also measured and compared 
the waist circumference, hip circumference & Waist hip 
ratio (W/H). Anthropometrically it was significant. But 
statistically when relate to study parameters, correlations 
existing were weak to moderate.

In our study the MEP and MIP were measured by respiratory 
pressure apparatus. Values were showing significant 
positive correlation with BMI as like previous study of 
E. M. Pazzinoto.8 Increment in MIP was probably due to 
deposition of fat around the chest. This makes chest region 
stiff. Deposition of fat on the diaphragm increases load on it. 
This leads to reduction in Functional residual capacity (FRC). 
It requires high ventilation, which increases the respiratory 
force and pressure during ventilation. In this study it was 
also demonstrated that Morbidly obese and normal-weight 
women appear to show similarities in expiratory muscle 
strength (MEP) behaviour. Study of Wilaiwan Khrisanapant9 
shown that continuous high efforts of respiratory muscle 
leads to adaptation of respiratory muscle to work with more 
force. More pressure and efforts are required to expand the 
chest against stiffness to fulfil the need. This mainly increases 
the MEP & MIP. Study done in obese women by TR Costa 
et al10 has reported higher respiratory muscle strength. The 

Variable Group Mean Std. Deviation t Sig. (2-tailed)
MEP (cmH2O) Case 102.48 8.21 13.001 P<0.001

Control 82.84 6.84
MIP (cmH2O) Case 88.82 6.46 16.01 P<0.001

Control 68.92 5.96
Table-3: Respiratory muscle strength parameters data analysis (Groups based on values of BMI)

Respiratory Parameter  WC (cm) Inference
MEP (cmH2O) Pearson Correlation 0.106 weak positive correlation 

Sig. (2-tailed) 0.464  
MIP (cmH2O) Pearson Correlation 0.345 Moderate Positive Correlation 

Sig. (2-tailed) 0.014  
Respiratory Parameter  HC (cm) Inference
MEP (cmH2O) Pearson Correlation 0.083 weak positive correlation 

Sig. (2-tailed) 0.567  
MIP (cmH2O) Pearson Correlation 0.274 Intermediate Positive Correlation 

Sig. (2-tailed) 0.054  
Respiratory Parameter  WC/HC Inference
MEP (cmH2O) Pearson Correlation 0.074 weak positive correlation 

Sig. (2-tailed) 0.607  
MIP (cmH2O) Pearson Correlation 0.25 Intermediate Positive Correlation 

Sig. (2-tailed) 0.08  
Table-4: Pearson Correlation Analysis of WC, HC and W/H ratio with respiratory muscle strength Parameters (N – 50)

0.00

50.00

100.00

150.00

Case Control

102.48
 

82.84
 

Mean Maximum expiratory pressure (cmH2O)  
 

Figure-1: Correlation MEP of both groups
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Figure-2: Correlation MIP of both groups
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obesity was assessed by bioelectric impedance & W/H ratio. 
They suggested that greater fat free muscle mass may pay 
compensation for the increased work of breathing, forced by 
obesity and hence removing of impairing muscle strength. 
Despite, not interfering with respiratory muscle strength, 
waist circumference should be always assessed in the women, 
since there might be strong association of this measurement 
with obesity-related diseases, increasing even further the risk 
factors for cardiovascular and metabolic diseases. 
Negative correlation were reported in BMI & respiratory 
muscle strength in previous some studies. Paltiel Weiner11 
reported respiratory muscle strength by denoting as PEmax 
& PImax. After gastroplasty surgery there was improvement 
in PEmax & PEmax. Significant weight loss followed 
by gastroplasty in obese individuals improved the lung 
parameters and muscle strength. In the study of George 
Jung et al12 reported decrement in the MEP and MIP due 
to increment in BMI. According to their studies decreased 
respiratory muscle functions might be due to increased 
elastic load by fat deposition around the chest region. It 
was reported in the study of Srila Ghosh Chowdhury,13 the 
adiposity in relation with BMI or hip circumference and 
waist circumference or waist hip ratio leads to decrement 
in respiratory parameters. In our result by Pearson analysis 
weak positive relation between WC, HC, and W/H with 
MEP was existing. And moderate to intermediate positive 
relation of MIP with these anthropometric parameters. In 
one study Noppawan C et al14 it provides information about 
the pulmonary function and respiratory muscle strength in 
Thai obese children. FVC, FEV1 & VC was more in obese 
group than non obese group. Obese group was having more 
airway obstruction. Moreover RMS and physical activity in 
both groups were same. Magnani KL et al15 in their study 
shown no change in PEmax & PImax with BMI. In the 
obese population studied, the excess weight did not result 
in impairment of respiratory muscle strength. Measurement 
of maximum inspiratory and expiratory pressures would 
help in identifying which obese individuals have respiratory 
impairment. 

CONCLUSION
Obesity affects the respiratory muscle strength. Obesity 
enhances the strength of respiratory muscle. This might 
be due to fat deposition require more force for ventilation 
mechanics. This continuous overburden adapts the 
respiratory muscles and generates more pressure during 
respiration. These things may change due to type of obesity, 
duration of obesity and physical activities of the individuals.
Further studies with more subjects & with different age 
group are required to verify the results.
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