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ABSTRACT

Introduction: Peak Expiratory Flow Rate (PEFR) can be measured
by cheap and portable instrument, peak flowmeter which is useful in
detecting early asthmatic changes and monitoring the treatment
response.

Methods: This study was conducted on 1000 normal healthy
children of nine to 14 years of age of either sex from various
schools of Faridkot district in South West Punjab, India.
Anthropometry was done and PEFR was measured using Mini Bell
Peak Flow Meter. Linear regression analysis was done and
normograms were constructed.

Results: Linear regression equations were derived for PEFR with
height, weight, BSA and BMI in boys and girls. The most
significant correlation was seen with height (r = 0.527 in boys, r =
0.410 in girls) followed by body surface area (r = 0.506 in boys, r =
0.296 in girls). Body mass index had negative correlation (r =
-0.200) with PEFR in girls. Nomograms were constructed on basis
of linear regression equations of PEFR with height (-46.67 + 2.02 x
height for boys, -12.64 + 1.50 x height for girls) and BSA (82.02 +
137.2 x BSA for boys, 96.61 + 88.11 x BSA for girls)

Conclusion: There is need for nomogram for each region so that
personal value of PEFR can be compared to normal reference
population and also with predicted value from regression equation
as PEFR varies from region to region. The nomograms and
regression equations derived from this study can be useful for
predicting normal values of PEFR of children of South West Punjab.
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INTRODUCTION

Peak Expiratory Flow Rate (PEFR) is the
maximum expiratory flow rate generated with
maximally forced effort from a position of maximal
inspiration, measured by cheap and portable
instrument, peak flow meter and is expressed in
litres/minute.!> Peak flowmeter is useful as a
screening tool for detecting early asthmatic changes
in children and also to see treatment response.
There are various means to measure pulmonary
functions like spirometry but they are cumbersome
to use in out patient departments and by the parents
at home. Peak flow meter is a small, easy to use
instrument, which can be used and easily
interpreted by parents to monitor PEFR of their
children at home. To interpret the significance of
PEFR measurements, comparison is made to
reference (normal) values based on measurements
from general population. These reference values
vary from country to country and also from region
to region within the same country. Nomograms and
regression equations for predicting PEFR are
available for many countries and different regions
of India. PEFR varies by population, ethnic group,
age, sex, height and weight.3-® Various studies have
already been done in different parts of India like
Maharashtra, Gujrat,> South India’® etc. with wide
variations in values of PEFR. In Punjab also,
previous literature shows PEFR values for children
but these studies had smaller sample size.®?
Therefore, there is a need for a study with larger
sample size to construct nomogram for each region
so that value of PEFR can be compared to normal
reference population and predicted value can be
derived from regression equation. The nomograms
and regression equations derived from this study
can be useful for predicting normal values of PEFR
for children of South West Punjab.

METHODS

This cross sectional study was conducted on 1000
normal healthy children within the age group of
nine to 14 years of either sex from various schools
of rural and urban areas of Faridkot district of
South West Punjab, India over a period of one year
from 2014 to 2015. Younger children were not able
to use PEFR meter correctly even after repeated
demonstrations. Institutional research and Ethics
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committee clearance was obtained before the
commencement of study. List of schools was
obtained from district school authorities. Schools
were randomly selected from this list by lottery
method. Subsequently, children fulfilling the
inclusion criteria were recruited for the study.
Children with family history of asthma or lung
disease, acute respiratory tract infection in last two
weeks, bony deformity of chest or spine, congenital
heart disease or chronic respiratory disease like
asthma were excluded from the study by exploring
history including history of nebulisation or use of
metered dose inhalers, proper physical examination
and any previous medical record. Prior written
permission of school authority was taken and
written informed consent from parent/guardian was
obtained. PEFR was measured using Mini Bell
Peak Flow Meter.

The child was asked to take deep breath, place lips
tightly on the mouth piece and blow into the peak
flow meter. Exhaled breath moved the indicator on
the scale of flow meter and the value was recorded.
Three such readings were taken for each child and
best of these three readings was considered for
study. Body weight was measured by using digital
weighing machine and was expressed to the nearest
0.1 kg. Body height was taken with the stadiometer
affixed on the wall. Reading was expressed to the
nearest 0.1 cm. BSA was calculated using
Monsteller formula.!? Statistical analysis was done
using the statistical package for the social science
(SPSS) program version 20. Linear regression
analysis was performed by using height, weight,
BSA and BMI to derive regression equations
separately for boys and girls. Nomograms were
constructed using PEFR and anthropometric
variables separately for boys and girls.

RESULTS

A total of 1000 normal school children, aged nine
to 14 years, of both sexes from rural and urban
areas of South West Punjab were included in the
study. There were 498 (49.8%) boys and 502
(50.2%) girls. The mean height, weight, body
surface area (BSA), body mass index (BMI) and
peak expiratory flow rate (PEFR) of boys and girls
is depicted in table 1. PEFR was significantly
higher in boys than girls.
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Table 1. Comparison of peak expiratory flow rate and
anthropometric parameters of boys and girls

Variable Boys Girls p
(n =498) (n =502) value

Height 141.67 £ 12.28 136.51 £13.58 <0.001

(cm)

Weight  34.57+11.97 31.95+£7.32 <0.001

(kg)

BSA 1.15+0.19 1.09+0.16 <0.001

(m?)

BMI 17.07 £ 6.53 17.11 £ 3.38 >0.05

(kg/m?)

PEFR 240.47 £48.47 192.98 +49.85 <0.001

(I/min)

Table 2 shows the correlation coefficient (r value)
and the level of significance (P value) between
different anthropometric parameters and PEFR in
case of boys and girls. Highly significant
correlation was observed in all anthropometric
parameters but height correlated with PEFR (1/min)
more than any other parameters. The most
significant correlation was seen with height (r =
0.527 in boys, r = 0.410 in girls) followed by body
surface area (r = 0.506 in boys, r = 0.296 in girls).
Body mass index in boys was least correlated with
PEFR. Body mass index had negative correlation (r
=-0.200) with PEFR in girls.

Linear regression equations were derived for
calculating PEFR in boys and girls separately on

Table 3. Simple regression equations on the basis of
different anthropometric parameters for predicting
peak expiratory flow rate in boys and girls

Table 2. Pearson Correlation of peak expiratory flow
rate and anthropometric parameters

Anthropometric Regression Regression
parameter equation for equation for
boys girls

Height (cm) -46.67 +2.02x  -12.64+ 1.50 x
height height

Weight (kg) 140.48 +2.92x 14696 +1.44x
weight weight

BSA (m?) 82.02+1372x 96.61 +88.11x
BSA BSA

BMI (kg/m?) 14544 +5.65x 243.19-293x
BMI BMI
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Pair Male Female
rvalue pvalue rvalue p value

PEFR vs 0.370  <0.001 0.212  <0.001

weight

PEFR vs 0.527 <0.001 0410 <0.001

height

PEFR vs 0.098 0.028 -0.200 <0.001

BMI

PEFR vs 0.506  <0.001 0.296 <0.001

BSA

the basis of height, weight, BSA and BMI. These
are depicted in table 3.

These regression equations were used to construct
nomograms for boys and girls separately based on
height and BSA since they correlated best with
PEFR. These are depicted in figure 1, 2, 3 and 4.

DISCUSSION

In order to assess peak expiratory flow rate for
establishment of normative data, we took 1000
normal school going children (nine to 14 years)
from five different schools (rural and urban) of
South West Punjab to measure PEFR and
anthropometric variables.

The mean value of PEFR in boys in our study was
240 1/min which was similar to the study in Gujarat
by Doctor et al® (240 1/min) and in Patiala by Mittal
et al.? (249 1/min). Mean value in case of girls was

Sex: 3.00
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Figure 1. Peak expiratory flow rate nomogram for
boys on the basis of height
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Sex: 4.00
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Figure 2. Peak expiratory flow rate nomogram for
boys on the basis of height

192 L/min which was similar to previous studies
conducted in south India'' (180 I/min) and in
Punjab® (204 1/min). Our readings were lower than
studies conducted by Mojiminiyi et al.,'> Dhungel
et al.,'*> Mishra et al.'* and Pramanik et al.!> So
values in this region are lower than other countries
like Nigeria, Nepal and even from other regions of
India like Odisha and West Bengal.

Nomograms constructed on the basis of linear
regression equation showed increasing trend of
PEFR with height, weight and BSA in both boys
and girls. The most significant correlation (r =
0.528 in boys, r = 0.408 in girls) in our study was
observed between PEFR and height as compared to
weight and BSA, similar to studies by Pramanik et
al.,!> Taksande et al.,’ Doctor et al.,> Manjunath et
al.* and Saxena et al.!® But in a study at Odisha by

Sex: 4.00
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Figure 4. Peak expiratory flow rate nomogram for
girls on the basis of body surface area
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Figure 3. Peak expiratory flow rate nomogram for
boys on the basis of body surface area

Mishra et al., stronger association between PEFR
and weight was seen as compared to PEFR and
height.!# Thus height was found to provide a good
basis for prediction of normal values of PEFR.
Other investigators like Chowgule et al.,!'” Godfrey
et al.!® also found the superiority of height as an
independent parameter which correlated well with
PEFR. Linear regression equation to calculate
PEFR(I/min) had been derived in previous studies
using height like Manjunath et al.* (-317.42 + 4.4 x
height in cm), Pawar et al.'? (-7.34 + 0.08 x height
in cm) and Reddy et al.?% (-474 + 5.63 x height in
cm). With increase in BSA, PEFR increased
linearly in both boys and girls (r = 0.506 in boys, r
= 0.296 in girls) similar to previous studies by

Krishna et al.,?! Taksande et al.® and Pramanik et al.
15

In our study, body mass index was higher in girls
than boys but this difference was not statistically
significant (P value > 0.05). In a study by Sudha et
al.?? also, BMI was higher in females as compared
to males. In our study, PEFR was least correlated
with body mass index (r = 0.098 in boys, r = -
0.200 in girls) similar to previous studies by
Mojiminiyi et al.!? (r = 0.158 in boys, r = 0.065 in
girls) and Pramanik et al.'> (r = 0.257 in boys, r =
0.065 in girls). Our study showed that with increase
in BMI, PEFR decreased in girls. Saxena et al.'6
also found negative correlation of PEFR with BMI
(r = -0.207). Sudha et al.2? also concluded that
PEFR decreases with increase in body mass index.

4
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Shekharappa et al.??> showed statistically significant
negative correlation of PEFR with BMI in obese
children. Hossian et al.>* conducted a study on 220
school children and found that PEFR was
significantly lower in obese children as compared
to non-obese children.

As the child grows, the physiological and
anatomical growth of lungs occurs. Peak expiratory
flow rate is the maximum amount of air exhaled out
after maximal inspiration which depends on lung
dynamics, dimensions of chest wall and power of
respiratory muscles, which in turn depends on
stature of child. Hence, height of child is a good
parameter to predict PEFR and height can be easily
measured. Asthma is a chronic disease which can
lead to stunting in children if not well controlled.
So, height is an important parameter to be
measured in such children and their corresponding
PEFR at that height rather than age. Proper
adherence to treatment and monitoring of PEFR in
such children can improve their height and hence
their PEFR leading to healthy living and proper
development. In our study, body surface areca was
another parameter after height which correlated
significantly with PEFR in both the sexes.

PEFR can be ecasily measured in OPD by a
paediatrician by portable and easy to use peak flow
meter and observed value can be compared to
normal reference values based on the height of the
child. Parents can be easily trained to measure it at
home and keep a diary of morning and evening
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