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ABSTRACT

Background: Peak expiratory flow rate (PEFR) is important and a basic physiological parameter in the diagnosis, 
follow-up and treatment of patients with respiratory illnesses. PEFR decreases with high body mass index (BMI) in elderly 
age group. We have examined the association of BMI with PEFR in young people. Aims and Objectives: This study aims 
to study the effects of BMI on PEFR in young people. Materials and Methods: In the total of 150 students, 50 students 
of a school (6th–10th class), 50 PUC college students (11th and 12th), and 50 students from degree college in Raichur district 
were included, interviewed with predesigned questionnaire and physical examination including height, weight, and PEFR 
measured and BMI calculated. Results: The mean and standard deviation of 150 participant’s age was 16.70 ± 3.14. Of 
150, 59.3% were male and 40.7% were female. There was a significant negative association between BMI (21.78 ± 2.79) 
and PEFR (374.27 ± 61.156). There was a significant positive association between PEFR and BMI with age. There was 
statistically highly significant high PEFR among males compared to female. Conclusion: There was a significant negative 
association between BMI and PEFR; a significant positive association between BMI and age as well as PEFR and age; 
and a significant positive association between height and PEFR. In our study, there was statistically highly significant high 
PEFR among males compared to females.
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INTRODUCTION

Peak expiratory flow rate (PEFR) is an effective measure 
of ventilatory capacity (of effort dependent on airflow) 
measured by peak flow meter. It is expressed in liters per 
minute (lpm). Its measurement has very simple procedure 
and may be carried out anywhere, even outside the laboratory 
using portable instruments. The average PEFR of healthy 
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young Indian males is 500 lpm and for females 350 lpm. The 
PEFR reaches peak at 18–20 years, maintains at this level up 
to 30 years in males, and about 40 years in females, and then, 
it declines with age.

It is taken as a basic physiological parameter in the 
diagnosis, follow-up and treatment of patients with 
respiratory illnesses such as asthma, chronic bronchitis, and 
emphysema.

We are paying the price for habits of highly developed society, 
which is a sedentary lifestyle and wrong dietary habits which 
result in an imbalance between energy expenditures and 
energy intake, which leads to obesity. Now with increasing 
awareness toward health, the importance of staying fit and 
avoiding fat is increasing day by day.
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Body mass index (BMI) is a known epidemiological marker 
of nutritional status of adolescents. Obesity not only leads to 
chronic diseases later in life but also during childhood.

There is a paucity of data correlating PEFR with BMI in 
young people. Thus, the present study was done to find out 
the association of PEFR with BMI in young people.

Definition of PEFR is as the maximum or peak flow rate 
which is attained during a forceful expiratory effort (after 
taking a deep inspiration). It is the measurement of airflow 
through the bronchial tree and gives an idea about bronchial 
tone. Pulmonary functions are normally determined by 
respiratory muscle strength, the thoracic cavity’s compliance, 
airway resistance, and the lung’s elastic recoil.[1] Pulmonary 
functions may usually vary according to the physical 
characteristics including age, height, and body weight.[2]

Obesity is now categorized as a “disease” condition by the World 
Health Organization (WHO). The WHO has recommended the 
use of BMI as the simplest form of defining obesity.[3]

Obesity is a chronic medical condition, characterized by 
an excessive fat accumulation in human body, and cause a 
general increase in body mass.[4] Obesity is usually calculated 
by BMI, which is weight in kg divided by height in square 
meter.[4]

PEFR decreases with high BMI in elderly age group. The 
association of high BMI with low PEFR may indicate that 
obesity is an important risk factor for lung function and 
reduced airflow.[5]

Gibson and Rubinstein et al. stated that obesity damages 
the respiratory functions through the inducing airway 
hyperresponsiveness in adults,[6,7] whereas Young et al. 
correlated it with the development of asthma.[8]

Individuals with obesity are more susceptible to many conditions 
such as obstructive sleep apnea, pulmonary, cardiovascular, 
hepatic, renal diseases, metabolic alterations, and neoplasm.[9]

Obesity affects the functions of respiratory system in various 
ways. The deposition of adipose tissue around the rib cage, 
abdomen, and visceral cavity affects work of breathing and 
decreases the pulmonary functions. Increase in pulmonary 
blood volume, closure of airways, atelectasis, and increased 
alveolar surface tension are due to obesity.[10]

According to the WHO, “adolescence” is the period between 
10 and 19 years. As per United Nations, Youth is from 15 to 
24 years and the term “young people” means the composite 
age group of 10–24 years.[11]

Many studies have been conducted in obesity and pulmonary 
function in the age group of 5–16 years or in the older people 

who are above 50 years of age.[12] But the age group of 16 
to 25 years is the crucial adolescent age which is highly 
susceptible for obesity, very few studies have been conducted 
for this age group.

In one study, PEFR was negatively correlated with the 
BMI,[13] and it was not significant (P > 0.05).

By knowing the proportion of overweight and obese people 
in developing country like India and respiratory health 
problems in Indians, a cross-sectional study was conducted 
to understand the association of effect of BMI with PEFR, 
especially in young people in Raichur district.

Aims and Objectives of Study

The aims of this study were as follows:
I. Determination of PEFR, as a marker of respiratory status 

in health and diseases
II. To study the BMI and its pattern in young people
III. To study the association of BMI with PEFR values and 

effects of BMI on PEFR in young people.

MATERIALS AND METHODS

This was a descriptive cross-sectional study conducted 
among 150 young people in the age group of 10–24 years, 
from November 2018 to May 2019. This study’s ethical 
approval was taken from the Institutional Ethics Committee, 
Raichur Institute of Medical Sciences.

Study Settings

Participants/subjects were selected after obtaining informed 
consent which includes 50 students of a school (6th–10th 
class), 50 PUC college students (11th and 12th), and 50 college 
student (degree and higher studies) in Raichur district. All the 
subjects were informed in detail about the procedure and an 
individual demonstration was given about the procedure to 
all the subjects.

Inclusion Criteria

The following criteria were included in the study:
1. Willing to give informed consent/assent
2. Age between 10 and 24 years.

Exclusion Criteria

The following criteria were excluded from the study:
1. History of any medication
2. History of smoking and tobacco chewing
3. History or presence of any cardiac or pulmonary conditions
4. History or evidence of any disease, affecting pulmonary 

functions
5. Any clinical evidence of cardiac or pulmonary diseases.
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Instrument Used

Wright peak flow meter

B. M. Wright introduced the peak flow meter in 1959. In 
1969, cheaper, simple, and portable instrument, the miniature 
Wright peak flow meter was developed, which was easy 
to use, its commercial production began in 1977. The 
mini-Wright peak flow meter is operated on a spring-loaded 
piston and with longitudinal slot having variable orifice, with 
a rider or marker as peak flow indicator. All these are fitted in 
a cylindrical plastic frame of dimension 5.0 cm diameter and 
15 cm length. This instrument weighs 75 g [Figure 1].

Operation and use of peak flow meter

When air is blown into mouthpiece, it cannot escape until it 
has moved to uncovered part of the longitudinal slot. When 
the pressure behind the piston is just enough to balance the 
tension in the spring, the piston comes to rest in a position 
that depends on the flow rate. Then, the reading of rider will 
be taken.

Methods

Vital parameters such as temperature, pulse rate, and 
respiratory rate were recorded after clinical examination 
of respiratory and cardiovascular system. Blood pressure, 
height, and weight were also recorded.

PEFR was measured by Wright’s peak flow meter of all 
the subject seated comfortably, keeping in mind that their 
readings were taken during the same time of the day. The 
purpose and technique of this test was described to all the 
subjects in groups of 10 and also the method of blowing into 
the instruments was demonstrated.

Each subject was instructed to seat comfortably and hold the 
instrument in horizontal position. Precaution was taken to 
avoid the obstruction of the pointer by fingers while moving 
in the slot. They were instructed to take a deep breath, put the 
mouthpiece of the peak flow meter inside mouth between the 

upper and lower jaw, and expel the air forcefully in one blow. 
Each subject then holds the instrument and was given many 
trial blows, until it was satisfied that he/she was using the meter 
properly and comfortably (this usually requires 2–5 blows).

Each subject was encouraged to make a maximal effort (as 
hard and as fast as possible) and was closely watched to 
ensure that airtight seal was maintained between lips and 
mouthpiece of the instrument. The value indicated by the 
cursor was noted and the sequence was repeated many times, 
thus obtaining five readings and three maximum readings 
were recorded.

Anthropometric measurements include height which was 
measured without shoes and person standing against a 
wall-fixed tape and weight which was measured with light 
clothing and without shoes on a flat platform scale with 1.0kg 
subtraction for correction of weight.

The BMI was calculated as weight/height2 (kg/m2). 
For adults, underweight (BMI ≤ 18.5 kg/m2), normal 
(BMI = 18.5–24.99 kg/m2), overweight (BMI = 25–29.99 
kg/m2), and obese (BMI = 30–34.99 kg/m2), respectively, 
according to the latest WHO criteria.

The data were analyzed with appropriate statistical test 
wherever applicable.

RESULTS

Table 1 shows age-wise distribution of all the participants 
in the study. The mean and standard deviation of 150 
participant’s age was 16.70 ± 3.14. Minimum age was 11 and 
maximum age was 24 (range–13). Standard error of mean 
was 0.256 and variance was 9.862.

Figure 1: Mini-Wright peak flow meter

Table 1: Age-wise distribution of the study participants
Age Frequency (%)
11 7 (4.7)
12 14 (9.3)
13 6 (4)
14 15 (10)
15 8 (5.3)
16 19 (12.7)
17 13 (8.7)
18 18 (12)
19 27 (18)
20 11 (7.3)
21 2 (1.3)
22 4 (2.7)
23 4 (2.7)
24 2 (1.3)
Total 150 (100)
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Table 2 shows gender-wise distribution of all the study 
participants, it shows that 59.3% were male and 40.7% were 
female. The mean and standard deviation in male participant’s 
age was 16.91 ± 3.483 and mean and standard deviation in 
female participant’s age was 16.39 ± 2.558.

Table 3 shows distribution of all the study participant’s BMI 
and PEFR. It shows that 76% had normal BMI, not a single 
participant was obese and 18.7% were pre-obese while 5.3% 
were underweight. The mean and standard deviation of BMI 
was 21.78 ± 2.79 and mean and standard deviation of PEFR 
was 374.27 ± 61.156. About 30% of participants had their 
PEFR between 351 and 400 lpm, while 76.6% had their 
PEFR between 301 and 450 lpm.

Table 4 shows correlation/association between BMI and 
PEFR. There was a significant negative association/

correlation (−0.366) between BMI and PEFR. As BMI 
increases, PEFR decreases among young people. The same 
has been shown as scatter diagram in Figure 2.

Table 5 shows association between gender with BMI and 
PEFR. There was statistically significant high PEFR among 
males compared to female. There was no difference of BMI 
among males and females in young people.

Table 6 shows association/correlation between BMI and 
age. There was a significant positive association/correlation 
(0.244) between BMI and age. As age increases, BMI 
increases among young people.

Table 7 shows association/correlation between PEFR and 
age. There was a significant positive association/correlation 
(0.241) between PEFR and age. PEFR increases with age 
among young people.

Table 8 shows correlation/association between PEFR and 
height. There was a significant positive association between 

Table 5: Association between gender with BMI and PEFR
Variables Sex N Mean±SD t value P value
BMI Female 61 22.18±2.89 1.484 0.140

Male 89 21.49±2.70
PEFR Female 61 352.46±41.85 3.773 <0.0001

Male 89 389.21±67.69
PEFR: Peak expiratory flow rate, BMI: Body mass index, SD: Standard 
deviation

Table 6: Correlation (association) between BMI and age
Variables Mean±SD Correlation coefficient P value
BMI 21.77±2.79 0.244 0.003
Age 16.70±3.14
BMI: Body mass index, SD: Standard deviation

Table 2: Gender-wise distribution of the study participants
Sex Frequency (%)
Female 61 (40.7)
Male 89 (59.3)
Total 150 (100)

Table 3: Distribution of the study participant’s BMI and 
PEFR

Variables Frequency (%)
BMI (Kg/m2)

Underweight (<18.50) 8 (5.3)
Normal (18.5–24.99) 114 (76)

Overweight (≥25)
Pre-obese (25–29.99) 28 (18.7)
Obese Class I (30–34.99) 0 (0)
Obese Class II (35–39.99) 0 (0)
Obese Class III (≥40) 0 (0)

PEFR (lpm) category
<250 1 (0.7)
251–300 25 (16.6)
301–350 33 (22)
351–400 45 (30)
401–450 37 (24.6)
451–500 4 (2.7)
501–550 4 (2.7)
>550 1 (0.7)

PEFR: Peak expiratory flow rate, BMI: Body mass index

Table 4: Correlation (association) between BMI and 
PEFR

Variables Mean±SD Correlation coefficient P value
BMI 21.78±2.79 −0.366 <0.0001
PEFR 374.27±61.156
PEFR: Peak expiratory flow rate, BMI: Body mass index, SD: Standard 
deviation

Figure 2: Scatter diagram showing association between BMI and 
PEFR
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PEFR and height. PEFR increases with height among young 
people.

Table 9 shows correlation/association between PEFR and 
weight. There was no association between PEFR and weight.

DISCUSSION

The present study was undertaken to study PEFR and BMI 
and the association between and BMI among in 150 young 
people. In our study, the mean and standard deviation of 150 
participant’s age was 16.70 ± 3.14. Minimum age was 11 and 
maximum age was 24 (range – 13). Standard error of mean 
was 0.256 and variance was 9.862. Gender wise 59.3% were 
male and 40.7% were female. Mean and standard deviation 
in male participant’s age was 16.91 ± 3.483 and mean and 
standard deviation in female participant’s age was 16.39 ± 
2.558.

Our study shows that 76% had normal BMI, not a single 
participant was obese and 18.7% were pre-obese while 5.3% 
were underweight. Mean and standard deviation of BMI was 
21.78 ± 2.79 and mean and standard deviation of PEFR was 
374.27 ± 61.156. About 30% of participants had their PEFR 
between 351 and 400 lpm, while 76.6% had their PEFR 
between 301 and 450 lpm. There was a significant negative 
association/correlation (−0.366) between BMI and PEFR in 
our study. As BMI increases, PEFR decreases among young 
people.

In our study, there was statistically significant high PEFR 
among males compared to female. There was no difference of 
BMI among males and females in young people. There was 

a significant positive association/correlation (0.244) between 
BMI and age. As age increases, BMI increases among young 
people. At the same time, there was a significant positive 
association/correlation (0.241) between PEFR and age. 
PEFR increases with age among young people. There was 
a significant positive association between PEFR and height, 
but no association between PEFR and weight.

In our study, there was a significant negative association 
between BMI and PEFR. As BMI increases, PEFR decreases 
among young people. Similar finding was found in a study 
of Medinipur, West Bengal, where PEFR decreases with 
high BMI in elderly age group. The association of high BMI 
with low PEFR may indicate that obesity is an important risk 
factor for lung function and reduced airflow[5] and also in 
some another study, Gibson and Rubinstein et al. stated that 
obesity damages the respiratory functions through inducing 
airway hyperresponsiveness in adults.[6,7] One another study 
also shows that PEFR was negatively correlated with the 
BMI.[13]

Mean PEFR in male was 469 L/min and female was 365 L/min 
in one study[14] conducted in Orissa which is higher than our 
study mean PEFR in male – 389.21±67.69 L/min and female 
– 352.46±41.85 L/min, may be due to their study participant’s 
age group was little higher, i.e., 18–24 years, whereas in our 
study, age group was 11–24 years young people. In this study 
also, there was a negative association between BMI and 
PEFR as per our study.

One study[15] showed that PEFR values are high in males than 
females similar to our study. One another study[16] showed 
decline in PEFR with high BMI similar to our study, but the 
same study differs from our study as it showed decline in 
PEFR with increasing age, while in our study, PEFR increases 
with increasing age. It may be due to the age group which we 
have taken is different from them (the PEFR reaches peak at 
about 18–20 years, maintains at this level up to 30 years in 
males, and about 40 years in females, and then, it declines 
with age). One study[17] conducted in 96 healthy elderly male 
subjects in the age group of more than 65 years from rural 
regions of Patiala in Punjab showed that PEFR declines with 
age and other findings of this study were also similar to our 
study.

Strengths and Limitations

Strength of the study is that it shows a significant negative 
association between BMI and PEFR and significant positive 
association between BMI and age as well as PEFR and age. 
We have taken sample from different school and colleges, 
which represent different age groups in young people. While 
limitation of our study is sample size, which is 150 only, and 
we have done study in school and college. The same study 
can be conducted in community with larger sample size and 
with more parameters.

Table 7: Correlation (association) between PEFR and age
Variables Mean±SD Correlation coefficient P value
PEFR 374.27±61.15 0.241 0.003
Age 16.70±3.14
PEFR: Peak expiratory flow rate, SD: Standard deviation

Table 8: Correlation (association) between PEFR and 
height

Variables Mean±SD Correlation coefficient P value
PEFR 374.27±61.15 0.381 <0.0001
Height 162.33±9.30
PEFR: Peak expiratory flow rate, SD: Standard deviation

Table 9: Correlation (association) between PEFR and 
weight

Variables Mean±SD Correlation coefficient P value
PEFR 374.27±61.15 −0.059 0.471
Weight 57.65±9.70
PEFR: Peak expiratory flow rate, SD: Standard deviation
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CONCLUSION

The present study was undertaken to study the association 
between BMI and PEFR among young people. There was 
a significant negative association between BMI and PEFR; 
a significant positive association between BMI and age as 
well as PEFR and Age; and a significant positive association 
between height and PEFR. In our study, there was statistically 
highly significant high PEFR among males as compared to 
females.
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