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ABSTRACT

PEFR is a simple and reliable way of follow-
ing patients with bronchial asthma and other ob-
structive airway diseases. Normal data is avail-
able for Caucasian and North Indian children
but not for ethnic South Indian children. We,
therefore, measured Peak Fxpiratory Flow Rate
(PEFR) in 345 healthy South Indian children
aged 4-15 years, using the Wright mini peak flow
meter. A nomogram was constructed relating
PEFR 10 height. Prediction equations for PEFR
using height alone or height, age and weight were
determined for both sexes. The prediction equa-
tion for boys based on height alone was PEFR =
4.08 height (cm)-—-284.55 and for girls was PEFR
= 3.92 height (cm)-277.01.
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The peak expiratory flow rate (PEFR)
measurement is a simple and reliable way
of yjudging the degree of airway obstruction

in various obstructive lung diseases, espe-

cially asthma. It is easily measured using a
peak flow meter and can be recorded even

by the patient or his parents at home.

Bronchial asthma, one of the common res-
piratory ailments of childhood, 1s associ-
ated with frequent fluctautions in airway
calibre and one of the earliest signs of an
impending acute attack is a fall in the
PERT. Also, the response to treatment can
be monitored using serial PEFR measure-.
ments(1,2).

Nomograms predicting PEFR from
height are available for Western child-
ren(3-7). Such information is available for
North Indian(8,9) and South Indian
adults(10,11) and North Indian children
living at sea level(12,13) and highlands(14)
but no data is available for Sourth Indian
children. From studies in adults, we know
that lung volumes are smaller in South
Indians as compared to North Indians and
therefore it 1s important to have regional
reference values. The objective of our
study was “to obtain PEFR values for
healthy South Indian children. We per-
formed PEFR measurements on a group
of 345 children aged 4-15 years, living in
the Madras area, The data can be used as
reference values for this population.

Material and Methods

Three hundred and forty five children
from a group of 1400 school children at-
tending a Health Camp organised by the
Tamilnad Hospital, Madras were randomly
selected for this study. Children with a his-
tory of asthma or other chronic respiratory
disorders were excluded. The mean age of
the subjects was 8.73 + 2.85 (SD) years
with a range of 4-15 years. There were 191
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girls and 154 boys. The children came from
a mixed background though most of them
were from a lower socloeconomic group.
All the children were examined thoroughly
to exclude any underlying heart, lung or
systemic disease. Standing height and
weight were recorded.

A Mini Wright peak flow meter (Clem-
ent Clarke International Ltd, UK.} was
used to measurc PEFR. All children were
first tested using the low range pediatric
peak flow meter (range 0-350 L/min) and
if the PEFR exceeded the upper limit they
were then tested on the standard (adult)
flow meter (range 60—800 L/min).

All the children were tested in the
standing position. The manoeuvre was
explained and demonstrated to them. Each
child was told to take a deep breath and
then blow into the peak flow meter as hard
and fast as he or she could. Each child was
given 2 trial runs and encouraged to blow
harder cach time. The child then blew into
the Wright peak flow meter 3 times and
the highest rcading was accepted in each
case.

Statistical analysis was done using the
SPSS package in an IBM/XT computer.
Linear and multiple regression analysis was
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performed using age, weight and height as
the independent variables and PEFR as the
dependent variable. A nomogram relating
PEFR to height was constructed using the
data.

Results >

The data was analyzed separately for
boys and girls. The mean age of the boys
was 8.9 + 2.3 years, mean height was 121.4
* 45 cm (range 92-161 cm) and mean
weight was 21.5 * 14.5 kg (range 12-49 kg).
The mean age of the girls was 9.12 = 2.94
years, mean height was 123.5 + 144 cm
(range 92-154) and mean weight was 22.7
+ 7.57 kg (range 11-48 kg). PEFR meas-
ured ranged from 60 to 440 L/min. Table I
gives the PEFR values for each age group.
PEFR increased progressively with age and
showed a very good correlation with
height, age and weight in both sexes. The
highest correlation was obtained between
PEFR and height (r = 0.84, p<0.001) but
correlations with age (r = 0.79, p<0.001)
and weight (r = 0.81, p<0.001) were also
highly significant. The prediction equations
for PEFR based on height alone (1) and
height, age and weight(2) are given below,
for boys and girls separately:

MWL A TABLE I-Distribution of PEFR in Different Age Groups
Age | Male Female
(yf?ars) Mean SD N Mean SD N
(I./min) (L./min) z
4 - 5§ 150 28.5 34 130 26.0 25
6- 7 173 29.9 30 156 30.8 25
8- 9 201 37.6 49 197 424 50
10 — 11 239 45.0 22 222 44.1 46
12 - 13 290 482 9 272 40.4 29
14 — 15 333 59.8 10 309 49.9 16
Mean 203 63.0 154 210 65.4 19
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(i) PEFR = 392 height (cm) — 277.01
_ (Female)
. PEFR = 408 height (cm) — 284.55
(Male)
(i) PEFR = 2.03 height (cm) + 3.18 age
(years) + 2.71

weight (kg) — 132.92 (Female)

 PEFR = 2.04 height (cm) + 478 age
(years) + 2.73 weight (kg) — 134.29
(Male).

It was found that 75% of the variability
in PEFR could be explained by height
alone. The predicted PEFR values from
our data were also compared with pub-
lished values from Caucasian and North
Indian children and the results are pre-
sented in Table 1. For this purpose we cal-
culated PEFR values at 3 different heights
from the prediction equations given by the
authors of each paper. It can be seen that

" our values are similar to those reported for
earlier Caucasian as well as North Indian
children, but less than the more recent
Western values. |

EE

A nomogram has been constructed
from the linear regression equation using
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PEFR as the dependent and height as the
independent variable (Fig). Since the dif-
ference in PEFR between boys and girls at
any given height is only 5-7%, we have
combined the data for the purpose of the
nomogram. This can be used for quick esti-
mation of PEFR at any given height.

PEFR = 3-97 HT-276-64
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 Fig. Nomogram relating PEFR (on the ordinate)

.

to height (on the absgissa). Mean and 95%
confidence limits are shown. The regression
equation relating height to PEFR is also
given.

TABLE II-Comparison of PEFR (L/min) Predicted from the Present Series with Those of vaiéus
Studies in Caucasian and North Indian Children

" Height

o Godfrey Wall Malik Sanz Kashyap ~ Swaminathan
(cm) TR 1970(7) 1982(5) 1981(12,13)  1990(4)  1992(14) 1992 (Present)
120 o
Male Aeinnn 212 240 222 252 202 205
Female ' i 211 228 216 237 175 193
140 .
Male 318 327 320 352 304 286
Female 317 319 314 341 263 272

' TeF TR e

160 -
Male 423 427 418 452 405 368
Female 422 418 412 445 352 350
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Discussion

The PEFR has now been accepted as a
simple and reliable way of monitoring the
severity of bronchial asthma and assessing
the response to treatment. The mini
Wright peak flow meter is cheap, easily
available and its use in Western countries
now extends to home monitoring for asth-
v matics. It should be mandatory for all asth-
- matics to have a baseline PEFR recorded

= when they are asymptomatic and clinically

« free of wheezing and wherever possible,
* delay or frequent measurements. The daily
variations in PEFR can serve as a guide to
the severity of asthma, the effectiveness of
the current therapy and need for any addi-
tional treatment.

It has been shown that pulmonary func-
tion, especially lung volumes show racial
and ethnic differences(15,16). We wanted
to establish the reference values for PEFR
for South Indian children of Dravidian
stock living at sea level, in a tropical cli-
mate. This will be useful when dealing with
asthmatic children of South Indian origin
as their PEFR measurements can be easily
compared to our values. It will also be pos-
sible to predict PEFR for a given height
from our nomogram or calculate it using
known -height, weight and age from our
equations. It has been shown that, in the
absence of a reliable value for height, e.g,
in kyphoscoliosis, arm span measuremeats
can be used instead as it correlates very
well with height(7).

On comparing our data with previously
published Western values, we found that
PEFR measurements in South Indian chil-
dren are lower than those reported for
Caucasian but similar to North Indian chil-
- dren of the same height (Table IT). The dif-
ference is marked when one compares re-
cent Western values as there has been a
gradual increase in body size and presuma-
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bly lung volumes as well over the decades
in that population. The lower PEFR values
in Indian children could be an effect of
lower lung volumes due to a smaller chest
size as has been reported previously in
adults(16). Within India also, ethnic differ-
ences have been shown to account for dif-
ferences 1n  pulmonary function in
adults(17) and therefore it is important to
establish reference values for each region.
In conclusion, we would like to re-em-
phasise the value of regular and routine
PEFR measurements in asthmatic children
in order to monitor their clinical status. We
hope that the reference values we have
generated for South Indian children will be
used and that similar data could be gener-
ated for different parts of the country. '

Acknowledgements : SR

The authors express their gratitude to
Mr. C.P. Velusami and Dr. Bellarmine
Lawrence of Tamilnad Hospital for their
valuable encouragement and support. They
are also grateful to the Lions Club
International District 324-A-1 for their
help in organizing the health camp.

REFERENCES

1. Mitchell DM, Gildeh P, Diamond A, et al.
Value of serial peak expiratory flow
measurements in assessing response in
chronic airflow limitation. Thorax 1986, 41:
606-610.

2. Perks WH, Tams IP, Thompson DA, et al.
An evaluation of the mini-Wright peak
flow meter. Thorax 1979, 34: 79-81.

3. Dugdale AE, Moeri M. Normal values of
forced vital capacity (FVC), forced expira-
tory volume (FEV1) and peak flow rate
(PER) in children. Arch Dis Child 1968,
43:229-232.

4. Sanz J, Martorell A, Saiz R, Alvarez V,
Carrasco JI. Peak expiratory flow meas-
ured with the mini Wright peak flow meter -



INDIAN PEDIATRICS

10.

in children. Pediatr Pulmonol 1990, 9:
86-90.

Wall MA, Olson D, Bonn BA, Creelman
T, Buist- AS. Lung function in" North
American Indian Children: Reference
standards for spirometry, maximal
expiratory flow volume curves and peak
expiratory flow. Amer Rev Respir Dis
1982, 125: 158-162. :

Nair JR, Bennet AJ, Andrew JD,
Macarthur P. A study of respiratory
function in normal school children. Arch
Dis Child 1961, 36: 253-257.

Godfrey S, Kamburoff PL, Nairn JR.

Spirometry, lung volumes and airway
resistance in normal children aged
5 to 18 years.Br J Dis Chest 1970, 64:
15-24. S T TN I O

Malik SK, Jindal SK, Jindal V, Bansal S.

Peak expiratory flow rate in healthy adults.
Indian J Chest Dis 1975, 7: 167-171.

Amin SK, Pande RS. Peak expiratory flow
rate in normal subjects. Indian Chest Dis
Allied Sci, 1978, 20: 80-83.

Kamat SR, Thiruvengadam KV, Rao K. A
study of pulmonary function among
Indians and assessment of the Wright peak
flow meter in relation to spirometry for

PR

11.

12.

13.

14.

15.

16.

17.

VOLUME 3()—FEBRUARY 1993

field use. Am Rev Respir Dis 1967, 96:
707-709.

Natarajan S, Radha K. Peak expiratory

flow rate in normal South Indians. Indian

J Chest Dis Allied Sci 1978, 20: 178-182.

Malik SK, Jindal SK, Sharda PK, Banga N.
Peak expiratory flow rate of healthy school
boys from Punjab. Indian Pediatr 1981, 18:
517-521.

Malik SK, Jindal SK, Sharda PK, Banga N.
Peak expiratory flow rates of school age

girls from Punjab. Indian Pediatr 1982, 19:

161-164.

Kashyap S, Puri DS, Bansal SK. Peak expi-

ratory flow rates of healthy tribal children
living at high altitudes in the Himalayas.
Indian Pediatr 1992, 29: 283-286.

Pool JB, Greenough A. Ethnic variation in
respiratory function in young children.
Respiratory Medicine 1989, 83: 123-125.

Donnelly PM, Young TS, Peat JK,
Woolcock AJ. What factors explain racial
differences in lung volumes? Eur Respir J
1991, 4: 829-838.

Vijayan YK, Kappurao KV, Venkatesan P,

Sankaran K, Prabhakar R. Pulmonary -

function in healthy young adult Indians in
Madras. Thorax 1990, 45: 611-615.

211



