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ABSTRACT

Background: Measurement of peak expiratory flow (PEF) is imperative for management and evaluation of asthmatic
children. It is well-known that lung function parameters show wide variations with respect to regional, racial, and genetic
factors. Aim: This study was conducted to measure PEF in healthy Punjabi children aged 7-14 years as only a few
studies have evaluated the lung functions in North Indian children. Materials and Methods: A cross-sectional study was
conducted in which PEF was measured in 366 healthy schoolchildren (186 boys and 180 girls) of Patiala district, using
the Mini Wright Peak Flow Meter. Best of the three trials was recorded. All the subjects were tested in standing position
after recording their age, height, and weight. SPSS v. 13 was used for the statistical analysis. Results: The present study
showed that all the three independent variables (age, height, and weight) had a significant positive correlation with PEF,
in both genders. Furthermore, height was maximally correlated with PEF in both boys (r=0.970) and girls (r=0.964). The
mean PEF value in boys (249.34 + 81.36 L/min) was significantly higher than girls (233.31 + 67.06 L/min). Regression
equations for PEF were also determined using age, height, and weight, separately for the genders. Conclusion: Equations
derived from this study for estimation of expected PEF values would help the clinicians in assessing the airway obstruction
in this population subset.
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INTRODUCTION recommended periodic assessment of pulmonary function
by spirometry or peak flow monitoring.

Peak expiratory flow (PEF) is the maximum flow rate

generated during a forceful exhalation, starting from full
lung inflation. It primarily reflects large airway flow and
depends on the voluntary effort and muscular strength
of the patient.! The Mini Peak Flow Meter is a useful
instrument that is widely used for PEF measurement on an
ambulatory basis./” This lung function parameter is quite
useful as a screening tool to monitor the prevalence and
severity of asthma in a community, especially, since the
number of asthma and asthma related hospital admissions
is continuously rising.® In 2007, an expert panel of the
National Asthma Education and prevention program
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It is a well-known fact that lung function parameters vary
considerably between different regional and ethnic groups,
residing within the same country.”! Therefore, ideally
speaking, all the Indian states and geographical regions as
well as communities must have their own separate norms
for these parameters.

Although, many studies have evaluated the PEF values
in the children from various regions in India, but their
results cannot be extrapolated to Punjabi children, since
not only the environment, but also the customs, traditions,
and life-style are altogether different in this part of the
country.[**l Around 3 decades ago, Malik et al.** provided
reference data for PEF in 5-16 year old Punjabi boys and
girls. However, till date, no other similar study has been
conducted in this region.

According to a recent report from a Government Agency,
the air quality in the State of Punjab has undergone
rapid deterioration over the last 30 years. This has been
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attributed mainly to rapid urbanization, mechanization
of agriculture and excessive vehicular and industrial
emissions.'! Since air quality has a direct impact on
lung function, hence the results of Malik et al. may not
be relevant in the present day scenario. Thus, we felt the
need to carry out a study to obtain newer reference values
of PEF in Punjabi children aged 7-14 years.

MATERIALS AND METHODS

The study was conducted during March-August 2010
among a total of 366 school children, (186 boys and
180 girls) aged 7-14 years, studying in various schools in
Patiala district, during their school hours. The study was
approved by the ethical committee of the institute and was
as per the Helsinki declaration. The prior permission of
the school authorities was taken and written consent from
the parents/guardians of all the children was also obtained
after clearly explaining them the purpose of the study.

A detailed history, followed by a thorough clinical
examination was carried out as per the criteria laid down
by the American Thoracic Society.['” All the available
healthy children aged 7-14 years were included in the
study except those with wheezing, visible bony and
muscular deformities of chest wall and spinal cord,
history of cardiac, renal and/or respiratory disease,
history of medications like antiasthmatics, history of
recurrent hospital admission or symptoms of respiratory
tract infection within 3 weeks prior to the study, family
history of asthma/allergy/chronic lung disease, clinically
significant anemia, etc.

A total of 425 children were examined, out of which
59 children were excluded either due to exclusion criteria
or due to unsatisfactory expiratory effort during the
procedure. Reported age was confirmed from the school
register. Weight was measured without shoes and with light
clothing, on a standard calibrated bathroom scale. Height
was measured with a standard portable stadiometer. It was
ensured that all the participants belonged to comparable
socio-economic status, which was determined as per
modified Prasad’s classification.!®!

The PEF values were then recorded in standing position,
as per the standardized method, with the help of Mini
Wright Peak Flow Meter (Clement Clarke International
Limited, U.K.). The instrument was calibrated initially
and also on all days during the study. Before testing, the
procedure was explained and demonstrated to each child
until full familiarity was achieved. Each child was told to
take a deep breath and then blow into the peak flow meter
as hard and fast possible. Every child was given two trial
runs and encouraged to blow harder each time. The child
then blew into the Mini Wright Peak Flow Meter thrice
and the highest reading was accepted as the final PEF in
each case. The mouthpiece was washed and sterilized for
each subject.
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Statistical analysis

The data obtained consisted of age, height, weight, and
PEF values of all subjects, which were further processed
for mean and standard deviation. Students’ unpaired
t-test was used to compare the differences between the
means. Age, height, and weight were the independent
variables while PEF value was the dependent variable.
Regression equations based on age, height, and weight
were constructed separately for both boys and girls.
Correlation between age, height, weight, and PEF was
carried out using the Pearson’s correlation. The statistical
analysis was carried out with Statistical Package for Social
Sciences (SPSS) version 13.0. P < 0.05 was considered
statistically significant.

RESULTS

A total of 366 subjects (186 boys and 180 girls), in the age
group of 7-14 years were studied. All of them belonged to
urban areas. The mean anthropometric and PEF values
are shown in Table 1. From this data it is clear that both
boys and girls were comparable as regards to age, height,
and weight. However, the mean PEF value of boys was
significantly higher than girls (P = 0.009).

A comparison of mean PEF values of boys and girls
belonging to various ages has been depicted in Table 2. It
was seen that while the PEF values increased with age in
both the genders, but the mean PEF of boys aged 12 years
and above was significantly higher than girls. The mean
PEF values according to weight have been illustrated in
Table 3. It was observed that PEF showed a rise with weight
in both the genders. However, the mean PEF value of boys
weighing > 40 kg was significantly higher than girls, having
similar weight. Table 4 compares the mean PEF values in
study subjects according to various heights. It is clearly

Table 1: Comparison of anthropometric data and PEF
values in study subjects

Parameter Boys (n=186) Girls (n=180) P value
mean+SD mean+SD

Age (years) 10.66+2.40 10.57+2.28 0.526

Height (cm) 142+22.62 138.10+18.84 0.428

Weight (kg) 30.71£11.94 29.23+£10.43 0.309

PEF (L/min) 249.34+81.36 233.31+67.06 0.009

*n: No. of subjects, PEF: Peak expiratory flow, SD: Standard deviation

Table 2: Comparison of mean PEF values in study
subjects according to age
Age (years) Boys Girls

n PEF (L/min) n PEF (L/min)

P value

7 22 118.66+17.67 26 109.41+11.97 0.478
8 25 176.51+23.01 28 169.44+28.99 0.392
9 29 209.52+19.09 28 197.01+24.94 0.221
10 16 219.66+23.09 10 216.09+20.22 0.764
11 17 265.01+28.78 14 263.07+18.43 0.932
12 25 300.90+29.09 28 275.60+20.22 0.038
13 24 307.85+32.38 26 283.33£19.14 0.040
14 28 359.58+15.45 20 321.76+27.66 0.016

*n: No. of subjects, PEF: Peak expiratory flow
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Table 3: Comparison of mean PEF values in study
subjects according to body weight
Weight (kg) Boys Girls

n  PEF(L/min) »n  PEF (L/min)

P value

<20 39 141.37+£30.67 45 144.32+38.26 0.432
20-30 58 214.77+£30.62 40 210.37+25.01 0.581
31-40 46 297.09+28.54 56 276.25+21.79 0.124
>40 43 353.22+19.21 39 316.31£27.93 0.002

*n: No. of subjects, PEF: Peak expiratory flow

Table 4: Comparison of mean PEF values in study
subjects according to height

Height (cm) Boys Girls
n PEF (L/min) n PEF (L/min)

P value

<120 36 146.66+32.15 42 138.75+37.30 0.643
121-130 28 198.50+19.54 24 192.94+22.57 0.589
131-140 29 217.89+19.02 22 210.33+21.53 0.689
141-150 22 271.33+22.31 32 261.37+17.87 0.222
151-160 27 299.41+20.14 29 291.71£21.07 0.391
161-170 20 337.22+16.37 18 328.33+18.34 0.264
170-180 24 366.47+8.61 13 354.28+7.07 0.867

*n: No. of subjects, PEF: Peak expiratory flow

evident from the data obtained, that PEF values increase
with the height and the mean PEF value of boys were
comparable to girls at all heights.

The prediction equations for PEF based on age, height
and weight are given below for both boys and girls
separately:
PEF (boys) = —150.38 + 9.19 x Age (years) + 1.75 x Ht
(cm) +1.74 x Wt (kg)
R?=0.969, Standard Error of Estimate=114.43
PEF (girls) =—177.06 + 0.86 x Age (years) +2.59 x Ht
(cm) +1.49 x Wt (kg)
R?=0.949, Standard Error of Estimate =+15.66

DISCUSSION

The present study aimed at establishing the normal
values of PEF in healthy Punjabi children, so that local
reference standards are available for use by health-care
professionals. This would prove beneficial in detecting
early asthmatic changes and in providing a quantitative
measure of improvement in response to treatment in
asthmatic children, thereby improving their quality of
life. From the prediction equations given by us, it will
also be possible to calculate the PEF in Punjabi children.

In the present study, PEF showed a significant positive
correlation (P<0.001) with age, height, and weight. However,
the highest correlation was obtained with height in both
boys (r = 0.970) and girls (r = 0.964). Similar to our study
results, many other authors have also found a significant
positive correlation of PEF with age, height, and weight, out
of which height has been maximally correlated with PEE!417)

In the early 1980’s, Malik et al.’'® had conducted a
similar study in 5-16 year old Punjabi boys (n =473) and
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girls (n =132). The following prediction equations for PEF
were given by them:
PEF (males) = —368.89 + 4.92 x Height (cm)
R? = not available, Standard Error of
Estimate = +42.1
PEF (females) = —371.80 + 4.90 x Height (cm)
2 = not available, Standard Error of
Estimate = +43.8

The above equations were applied on a small random
sample of 50 children (26 boys and 24 girls), aged 7-14 years
to calculate the predicted PEF values, which were then
compared with their actual PEF values. None of the
subjects had identical values of actual and predicted PEF.
Furthermore, the differences between these values were
within 10% in only 8 subjects, and in excess of 20-30% in
rest of the subjects. Moreover, R? (i.e., multiple correlation
coefficient) values, which could have helped in establishing
the statistical validity of these equations, were not made
available by the authors. As per the American Thoracic
Society recommendations,® a given regression equation
can be considered suitable for a particular population only
when the actual values of the lung function variables fall
within 10% of the values predicted from that equation. The
statistical approach to the equation generation also needs
to be adequately described, for establishing its validity.
The variation in actual PEF values obtained by us and
those calculated by equations of Malik et al. could be due
to the change in the air quality and life-style patterns of
people in Punjab, over the last 3 decades. Therefore, due to
the above considerations, we felt the need to provide newer
reference values for PEF in Punjabi children.

We admit that forced expiratory volume over 1 s (FEV),
which is a dynamic measure of flow, is a better indicator
of airway obstruction, as compared to PEF. However, the
ease of measuring the PEF with an inexpensive portable
device has made it preferable over FEV,. Moreover, as
per the data available from previous studies carried out
world-wide, PEF was found to have a significant positive
correlation with FEV .20l Therefore, we feel that PEF may
also be considered as a suitable alternative measure of
airway obstruction in instances where FEV, is unavailable.

CONCLUSION

In the present study, age, height, and weight have been used
both alone as well as in combination to predict PEF values in
North Indian Punjabi children. We hope that these prediction
equations would prove useful for both the physiologists
and clinicians of this region. There is a compelling need to
conduct more similar studies among growing children in
India, as the mosaic of Indian population, spreading over
such a varying geography is quite complex.
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