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ABSTRACT

Background: In an obese individual, weighing 140 kg more than 50% of body weight is represented by adipose tissue. 
Aims and Objective: The aim is to study correlation of body mass index (BMI) and flow rates (forced expiratory flow 
25-75% [FEF 25-75%], FEF 75%, peek expiratory flow [PEF], and maximum voluntary ventilation [MVV]) of pulmonary 
function test in controls and patients. Materials and Methods: The study was conducted in the Department of Physiology, 
SDM College of Medical Sciences and Hospital, Dharwad. A total of 150 male students in the age group of 15-24 years of 
the college formed the individuals of the study. Results: FEF 25-75%: The mean (±SD) FEF 25-75% at rest in overweight 
group was 3.76 ± 0.88 L/s, in obese group was 3.75 ± 1.08 L/s, and in controls was 1.66 ± 0.85 L/s (P > 0.05). FEF 
75%: The mean (±SD) FEF 75% at rest in overweight group was 1.70 ± 0.58 L/s, in obese group was 1.79 ± 0.74 L/s, 
and in controls was 2.11 ± 0.94 L/s. It is significantly less in overweight group compared to control group. PEF: The 
mean (±SD) PEF at rest in overweight group was 8.48 ± 0.89 L/s, in obese group was 8.04 ± 1.72 L/s, and in controls 
was 8.60 ± 1.18 L/s (P > 0.05). MVV: The mean (±SD) MVV at rest in overweight group was 145.62 ± 12.65 L/min, in 
obese group was 137.06 ± 33.96 L/min, and in controls was 151.41 ± 26.07 L/min. It is significantly less in obese group 
compared to control group. Conclusion: Correlation of BMI with PFT shows a significant negative correlation of BMI 
with flow rates (FEF 25-75%, FEF 75%, PEF, and MVV) of the pulmonary function test.

KEY WORDS: Forced Expiratory Flow at 25-75%, Forced Expiratory Flow at 75% of FVC, Peak Expiratory Flow, 
Maximal Voluntary Ventilation

INTRODUCTION

Physiologic system, orchestrated through endocrine and 
neural pathways, permits humans to survive starvation for 
as long as several months.[1] However, in the presence of 
nutritional abundance and a sedentary lifestyle and influenced 
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importantly by genetic endowment, this system increases 
adipose energy stores resulting in obesity that produces 
adverse health consequences.[2] Adipose tissue accounts for 
about 20% of the total body weight of a normal young adult, 
about 15 kg in the average person.

The WHO consultation on obesity, Geneva interim report 
on “obesity-preventing and -managing the global epidemic 
1997”: Has recognized that overweight and obesity represent 
a rapidly growing threat to the health of population worldwide. 
It recognized obesity as a disease, which is prevalent in both 
developing and developed countries and affects children and 
adults alike. Indeed obesity and overweight are so common 
that they are replacing the more traditional public health 
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concern such as undernutrition and infectious diseases as 
some of most significant contribute to ill health.

There are different measures to assess obesity. One of the 
most commonly used is body mass index (BMI) which is a 
measure of general obesity.[3] Indices used to measure regional 
and central obesity are subscapular skinfold thickness, waist 
circumference and abdominal sagittal diameter and ratios 
such as Waist-Hip ratio. These have been considered as better 
and more sensitive than BMI.[4]

On the other end of the spectrum, purely mechanical 
consequences of obesity including various forms of 
hypoventilation syndrome and dramatic reduction in various 
lung volumes have also been established.[5] Hence, the 
present study is taken up to study correlation of BMI and flow 
rates (forced expiratory flow 25-75% [FEF 25-75%], FEF 
75%, peak expiratory flow [PEF], and maximal voluntary 
ventilation [MVV]) of pulmonary function test in controls 
and patients.

MATERIALS AND METHODS

The study was conducted under the auspices of the laboratory 
setup of the Department of Physiology, SDM College of 
Medical Sciences and Hospital, Dharwad. A total of 150 male 
students in the age group 15-24 years of the college formed 
the individuals of the study with applying exclusion criteria, 
i.e., those with history of smoking or atopy, asthma, BMI <18.5 
or >29.9, history or family history of asthma, congenital 
cardiopulmonary disease, and age <15 or >25 years

These individuals were divided into three groups based on 
BMI as follows:
•	 Group-I	(controls):	50	controls	BMI	18.5-22.9	(age	and	

sex matched)
•	 Group-II	(overweight):	50	students	with	BMI	23-24.9
• Group-III (obese): 50 students with BMI 25-29.9.

Method of Data Collection

Identification data name, age, sex, and address were 
recorded. Age was calculated in years to the nearest 
birthday. Height and weight of each individual were 
recorded. BMI was calculated using the formula: 
BMI = Weight in Kg/[Height in m]2

•	 A	 detailed	 clinical	 examination	 of	 respiratory,	
cardiovascular, and central nervous systems was done.

•	 Lung	function	tests	were	recorded	using	Spirovit	SP-1.

Spirovit SP-1

The instrument used in this study was Spirovit SP-1 
manufactured by Schiller. It’s a type of flow sensing 
Spirometer. This is a low-cost high-performance instrument 
capable of giving highly accurate and repeatable test results 
and represents the major advancement in computerized 

pulmonary function testing. It is the best instrument for routine 
screening of large number of the patient. The following Lung 
Function parameters are provided by the Spirovit SP1: FEF 
25-75%, FEF at 75% of FVC, peak expiratory flow (PEF) 
and maximal voluntary ventilation (MVV).

Procedure

All maneuvers were performed in sitting position and at 
rest with the nose clip in place. The individual was asked to 
loosen tight clothing, if any. Each student was taught about 
the various maneuvers to be performed for about 5 min. 
Demonstration was also given. Every individual was given 
ample time to understand carefully and then was allowed to 
do some practice blows. Sufficient rest was provided between 
the procedures.

Statistical Analysis

Compares mean values of more than two groups and 
correlation analysis were employed in the present study using 
SPSS version 20 ANOVA.

RESULTS

The mean (±SD) height in overweight group was 
170 ± 6.1 cm, in obese group was 168 ± 6.1 cm, and in 
controls was 170 ± 7.2 cm. There was no statistically 
significant difference between any of the groups. The mean 
(±SD) weight in overweight group was 69.44 ± 4.35 kg, in 
obese group was 75.72 ± 8.11 kg, and in controls was 60.80 
± 4.84 kg. As BMI is the basis of division in all three groups, 
they have significantly increasing weight with increasing 
BMI (Table 1).

BMI

The mean (±SD) BMI in overweight group was 23.94 ± 
0.55 kg/m2, in obese group was 26.81 ± 1.45 kg/m2 and in 
controls was 21.04 ± 1.26 kg/m2. As BMI is the basis of 
division, hence all three groups have significantly different 
BMI.

Flow Rates

Flow rates of controls, overweight, and obese groups are 
shown in Table 2.

FEF 25-75%: The mean (±SD) FEF 25-75% at rest in 
overweight group was 3.76 ± 0.88 L/s, in obese group was 
3.75 ± 1.08 L/s, and in controls was 1.66 ± 0.85 L/s. There 
was no statistically significant difference between any of the 
three groups.

FEF 75%

The mean (±SD) FEF 75% at rest in overweight group was 
1.70 ± 0.58 L/s, in obese group was 1.79 ± 0.74 L/s, and 
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in controls was 2.11 ± 0.94 L/s. It is significantly less in 
overweight group compared to control group.

PEF

The mean (±SD) PEF at rest in overweight group was 8.48 ± 
0.89 L/s, in obese group was 8.04 ± 1.72 L/s, and in controls 
was 8.60 ± 1.18 L/s. There was no statistically significant 
difference between any of the three groups.

MVV

The mean (±SD) MVV at rest in overweight group 
was 145.62 ± 12.65 L/min, in obese group was 137.06 
± 33.96 L/min, and in controls was 151.41 ± 26.07 L/min. 
It is significantly less in obese group compared to control 
group.

Correlation of BMI with PFT

There is a significant negative correlation of BMI with FEF 
25-75%	(r	=	−0.111),	FEF	75%	(r	=	−0.143),	PEF	(r	=	−0.139),	
and	MVV(r	=	−0.196)	(Table	3).

DISCUSSION

There are very less data on correlation of BMI with PFT, 
using the new WHO classification of BMI proposed in 2000, 
specific for Asians.[6] We have tried to look for this relation 
according to this new BMI classification for Asians. Our 
results confirm the findings of many others who have shown 
that lung volumes decrease as body weight increases.

FEF 75%

The mean (±SD) FEF 75% at rest in overweight group was 
1.70 ± 0.58 L/s, in obese group was 1.79 ± 0.74 L/s, and 
in controls was 2.11 ± 0.94 L/s. It is significantly less in 
overweight group compared to control group. Martinez et al.[7] 
showed similar decrease in FEF 75-85% in obese people in 
their study. Jackson et al.[8] and Sahebjami and Gartside[9] 
showed decrease in FEF 75% in obese people in their study. 
Low PEF and FEF 75% and FEF 75-85% values which are 
flow rates at high lung volumes indicate that probably the 
smaller airways are also affected in the pathology caused 
by excess fat deposition in the abdomen and in the chest 
cavities, the exact mechanism may be related to small airway 
collapse due to decreased lung volumes with increasing 
obesity or it may be independent. This is the reason why 
obese people are at increased risk of respiratory symptoms, 
such as breathlessness, particularly during exercise, even if 
they have no obvious respiratory illness.[10,11]

MVV

The mean (±SD) MVV at rest in overweight group was 
145.62 ± 12.65 L/min, in obese group was 137.06 ± 33.96 L/min, 
and in controls was 151.41 ± 26.07 L/min. It is significantly 

Table 1: Height, weight and BMI controls, overweight, and obese groups
Parameter Mean±SD P value Significance

Control (n=50) Overweight (n=50) Obese (n=50)
Height (cm) 170±7.2 170±6.1 168±6.1 0.121 NS
Weight (kg) 60.80±4.84 69.44±4.35■ 75.72±8.11▲☻ 0.000 S
BMI (kg/m2) 21.04±1.26 23.94±0.55■ 26.81±1.45▲☻ 0.000 S

■:	Significantly	different	between	control	and	overweight	groups.	▲:	Significantly	different	between	control	and	obese	
groups.	☻:	Significantly	different	between	overweight	and	obese	groups.	SD:	Standard	deviation,	BMI:	Body	mass	index,	FEF:	Forced	
expiratory flow, PEF: Peek expiratory flow, MVV: Maximum voluntary ventilation

Table 2: Flow rates of controls, overweight, and obese groups
Parameters Mean±SD P value Significance

Control (n=50) Overweight (n=50) Obese (n=50)
FEF 25-75% (L/s) 4.16±0.99 3.76±0.88 3.75±1.08 0.067 NS
FEF 75% (L/s) 2.11±0.94 1.70±0.58■ 1.79±0.74 0.020 S
PEF (L/s) 8.60±1.18 8.48±0.89 8.04±1.72 0.088 NS
MVV (L/min) 151.41±26.07 145.62±12.65 137.06±33.96▲ 0.022 S

■:	Significantly	different	between	control	and	overweight	groups.	▲:	Significantly	different	between	control	and	obese	groups.	SD:	Standard	
deviation, FEF: Forced expiratory flow, PEF: Peek expiratory flow, MVV: Maximum voluntary ventilation

Table 3: Correlation of BMI and flow rates [FEF 25-75%, 
FEF 75%, PEF, MVV]

Parameters r value P value
FEF 25-75% (L/s) −0.111 0.177
FEF 75% (L/s) −0.143 0.080
PEF (L/s) −0.139 0.089
MVV (L/min) −0.196 0.016*

SD: Standard deviation, FEF: Forced expiratory flow, PEF: Peek 
expiratory flow, MVV: Maximum voluntary ventilation. *P<0.05
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less in obese group compared to control group. The MVV test 
evaluates the respiratory endurance and is influenced by the 
respiratory muscle strength, the lung and chest compliance, 
and the control of breathing and airway resistance.[12,13] In 
the case of obese individuals, this variable is reduced mainly 
by mechanical injury to the respiratory muscles, caused in 
particular by the excessive weight on the thorax.[14]

Studies done by De Lorenzo[15] and Sahebjami[9] have 
also shown similar results. Due to an obese individual’s 
respiratory muscles should work constantly against a less 
compliant chest wall and higher airway resistance, it would 
be expected that they could generate increased pressures. 
Kelly et al.[16] examined the maximum inspiratory and 
expiratory pressures at different lung volumes in 45 morbidly 
obese patients, who on an average weighed 183% of their 
predicted weights. These were compared with the pressures 
of 25 nonobese age-matched individuals. At all lung volumes, 
the pressures generated by the obese patients were lower than 
those of the nonobese patients, despite heightened demands 
for diaphragmatic work. It is estimated that the MVV, a 
measurement of respiratory muscle endurance, is reduced 
by 20% in healthy obese individuals.[17,18] This may result 
from diaphragm dysfunction due to increased abdominal 
and visceral adipose tissue deposition. It has been suggested 
that the additional load causes a length-tension disadvantage 
for the diaphragm due to fiber overstretching, which is 
particularly worse while the individual is supine.[11] There is 
a significant negative correlation of BMI with FEF 75-85% 
(−0.173)	and	MVV(−0.196).

BMI: The mean (±SD) BMI in overweight group was 
23.94 ± 0.55 kg/m2, in obese group was 26.81 ± 1.45 kg/m2, 
and in controls was 21.04 ± 1.26 kg/m2. As BMI is the basis of 
division of all three groups, they have significantly different 
BMI.

FEF 25-75%: The mean (±SD) FEF 25-75% at rest in 
overweight group was 3.76 ± 0.88 L/s, in obese group was 
3.75 ± 1.08 L/s, and in controls was 1.66 ± 0.85 L/s. There 
was no statistically significant difference between any of the 
three groups.

CONCLUSION

Correlation of BMI with PFT shows a significant negative 
correlation of BMI with flow rates [FEF 25-75%, FEF 75%, 
PEF, and MVV] of the pulmonary function test.
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