Paediatrica Indonesiana

VOLUME 49

January ¢ 2009

NUMBER 1

Original Article

Comparison of peak expiratory flow rate (PEFR)
before and after physical exercise in obese and
non-obese children

Febrina Z. Siregar, Gabriel Panggabean, Ridwan M. Daulay, Helmi M. Lubis

Abstract

Background Obesity has been associated with respiratory
complications and it is believed to reduce lung volume. Obesity
imposes additional stress on ventilation during exercise and
may even result in pulmonary function impairment. Exercise
induced-bronchospasm has also been found in obese children.
Lung function tests can be useful to confirm diagnosis, response
to therapy, or prediction of lung and respiratory diseases. The
peak flow meter is an inexpensive, practical way to measure lung
function, and can detect the early warning signs of a decrease in
lung function.

Objective To compare the peak expiratory flow rate (PEFR) before
and after physical exercise in obese and non-obese primary school
boys aged 6 to 12 years old.

Methods A quasi-experimental study using the one group pretest-
posttest design was performed on 30 obese children (BMI above
the 95t percentile) and 30 non-obese children (BMI between
the 5t — 85t percentile) using a mini-Wright peak flow meter
to evaluate the PEFR before and after eight minutes of physical
exercise. Height, weight, body mass index, and physical status
were determined before testing.

Results The PEFR before and after exercise were 14.80 for obese
children and 9.76 for non-obese children. The mean value for
PEFR between obese and non-obese children was significantly
different (P<0.05).

Conclusion The PEFR for obese children is significantly lower
than non obese children even before physical exercise. [Paediatr
Indones. 2009;49:20-4].
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ediatric obesity is an important health problem
and represents an uncontrolled worldwide
epidemic. There is an increasing prevalence
of pediatric and adolescent obesity in Europe,
USA, and even in less developed countries.! The
prevalence of childhood obesity is estimated to be
25 to 30 percent, and since 1981, it has increased by
54% in children aged 6 to 11 years. Medical record
data of Medical School, University of Indonesia, Cipto
Mangunkusumo Hospital, showed that there were
100 new cases of obesity in the Pediatric Department
during the period from 1995 — 2000.2
Obesity imposes additional stress on ventilation
during exercise and even results in pulmonary
function impairment. In fact, physical activities are
more strenuous for obese children than their healthy
non-obese peers. They become breathless more easily
during graded exercise.> Pulmonary function tests
have long been recognized as an important medium for
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determining a number of lung disparities. Nowadays,
with the increasing frequency of respiratory and
pulmonary disease, the role of lung function tests
is recognized as being more and more important in
diagnosis, assessment of efficacy of therapy, and also
in forecasting various respiratory and pulmonary
diseases.t>

A peak flow meter is a small, portable, easy to use
instrument that provides an inexpensive and practical
way to measure lung function. Peak flow data can
provide early warning signs for illness and in some
cases may show a decrease in lung function one to
three days before other respiratory symptoms become
evident. Height, sex and age determine predicted
peak flow values. There are three peak flow zones
that based on the traffic light concept: the green zone
(80% - 100%) that indicates good lung function, the
yellow zone (50% - 80%) signals caution and indicates
that the large airways are getting too narrow, and the
red zone (< 50%) indicates a severe narrowing of the
large airways has occurred.®? We studied the PEFR
values before and after exercise in obese children as
compared with that in non-obese.

Methods

An experimental study using a pretest and posttest
design was performed to collect data during this study.
We recruited 30 obese and 30 normal body weight
boys, aged 6-12 years, from Harapan Elementary
School. Initial criteria of obese children were a body
bass bndex (BMI) above the 95t percentile, and 5t
to 85™h percentile for normal body weight children.
Subjects completed a medical history question-
naire. Informed consents from subjects and their
parents were obtained at the beginning of the
assessment. Each child was examined to assess his/her
physical status. Subject weight was measured with a
Camry® digital weighing scale with an accuracy of 0.1
kg, and standing height in cm was measured using a
Heigh® stature meter with an accuracy of 0.1 cm.
Peak expiratory flow rate (PEFR) measurements
were obtained using an APS mini-Wright peak flow
meter. The research staff taught the children how to
use the device and observed the children using the
device correctly. The recorded measurement was the
highest of three maximal expiratory readings obtained.

The second measurement was recorded five minutes
after a free running for eight minutes. Mean PEFR at
baseline were calculated for the obese and non-obese
group.

Statistical analyses were performed using SPSS
for Windows statistical software (release 12, SPSS
Inc., Chicago, IL). The t independent, chi-square,
Mann Whitney and Fisher exact tests were used to
compare the obese and non-obese group and the PEFR
measurements. The level of significance was <0.05
in all comparisons.

Results

There was no difference in the characteristics of the
study population with respect to the mean age and
height between the obese and non-obese children, but
the body weight and BMI were significantly different
(Table 1).

Tabel 1. Subjects' characteristics

Characteristic Obese Non obese
(n=30) (n=30)
Mean SD Mean SD
Age (yr) 10.5  1.01 9.9 1.22
Weight (kg) 585 13.34 373 6.02
Height (cm) 147.7 11.02 1428 6.33
BMI (kg/m2) 27.3 4.62 18.2 2.31

Table 2. Comparison of peak expiratory flow rate (PEFR) for obese
and non-obese children before physical exercise

Obese Non obese P
(n=30) (n=30)
Mean ( SD) Mean( SD)
PEFR 236.8 (41.91)  276.1 (37.87) 0.0001
Percentage
80-100% 20 (33%) 30 (50%) 0.001
50-79% 10 (16%) 0 (0%)

Table 3. Comparison of peak expiratory flow rate (PEFR) for obese
and non-obese children after physical exercise

Obese Non obese =
(n=30) (n=30)
Mean ( SD) Mean (SD)
PEFR 222.0 (41.35)  266.4 (38.57) 0.0001
Percentage
80-100% 16 (27%) 27 (45%) 0.0002
50-79% 14 (23%) 3 (5%)
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Table 4. Comparison of peak expiratory flow rate (PEFR) for obese
and non-obese children before and after physical exercise

Before After P
Obese Mean (SD) Mean (SD)
(n=30)
PEFR 236.8 (41.91) 222.0 (41.35) 0.0001
Percentage
80-100% 20 (33%) 16 (27%) 0.292
50-79% 10 (17%) 14 (23%)
Non obese
(n=30)
PEFR 276.1 (37.87) 266.4 (38.57) 0.0002
Percentage
80-100% 30 (50%) 27 (45%) 0.237
50-79% 0 (0%) 0 (0%)

From the result of the PEFR measurements, the
mean of PEFR for obese children was 236.8 before
physical exercise, decreased to 222.0 after exercise
(Tables 2, 3 and 4).

For non-obese children, the mean of PEFR
was 276.1 before exercise, decreased to 266.3 after
exercise. Ten children from the obese group were in
yellow zone before exercise (17%) and this increased
to 14 children (23%) after exercise. For non-obese
children, no individuals were in the yellow zone before
exercise but three children were classified as being in
the yellow zone after exercise. There was a significant
difference in the decrease of mean PEFR value
between obese and non-obese children (P<0.05).

Discussion

Obesity is a condition in which a person has excess body
weight relative to other people of the same gender and
height. Age-and gender-specific BMI has been the most
widely used measurement to define obesity. Individuals
in which BMI (weight in kilograms divided by the
square of the height in meters) exceeds the age-and
gender- specific 95% percentile are considered obese.®?
The groups of obese and non-obese children in our
study were not significantly different in characteristics
except for their body weight and BMI.

Respiratory problems are associated with obesity,
and these occur when the added weight of the
chest wall squeezes the lungs and causes restricted
breathing. It is generally accepted that increased body
mass loading of the respiratory apparatus (chest and
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lungs) plays a role in the development of respiratory
failure by causing either an insurmountable load to
the respiratory muscle or significant ventilation —
perfusion inequalities.!°

In this study, data collected by medical exa-
mination and from the questionnaire indicated
that all of the children had never experienced any
respiratory symptoms. However, our data showed
that pulmonary function was significantly lower in
the obese group, even before physical exercise. In
their study, Belamarich et al found that obese children
used more medicine, wheezed more, and a greater
proportion had unscheduled visits to emergency
departement than non-obese children. Kaplan et
al'! found that exercise-induced bronchospasm was
found in obese but otherwise in healthy children. In
fact, several studies (most of them cross sectional)
have shown positive associations of obesity or high
body mass index (BMI) with respiratory symptoms,
asthma and airway hyper-responsiveness.!? Li et al'? in
their study of 64 obese children found that reductions
in functional residual capacity (FRC) and diffusion
impairment were the commonest abnormalities
found in obese children, and that reduction in lung
static lung function was correlated with the degree of
obesity. Gilliland et al'* found that being overweight is
associated with an increased risk of new-onset asthma
in boys and in non-allergenic children. However, Tang,
et al® did not find any significant difference between
the obese and non-obese groups in any of the lung
function measurements after a jump rope test for 10
minutes. Thus, many studies were not able to find
any significant pulmonary abnormalities in obese
children.

Exercise testing is an objective method of
confirming exercise—induced bronchospasm. It is also
valuable in diagnosing asthma, particularly in pediatric
patients. Exercise—induced bronchospasm results from
a transient increase in airway resistance that produces
various symptoms (cough, wheezing, chest tightness,
or pain) that may appear after five to 10 minutes
exercise. Several types of exercise have been used
(e.g. treadmill, cycle ergometer, rowing ergometer)
but the highest rate of responsiveness is usually seen
with free running. De la Rubia et al'® performed a
comparative study of free and treadmill running and
found there were no significant differences in the
percentage decrease in post-exercise performance
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after either of these provocation tests. When the
physical activity stops, lung function decreases within
the 5-10 minutes after the activity stops. Decreases in
FEV1 or PEFR often range from 20% to 50%.117In
this study, subjects performed an eight minute-free run
to assess bronchus hyper-reactivity. Peak expiratory
flow measurements were obtained just before and five
minutes after the eight minutes free running test. The
mean decrease rate of PEFR in obese children was 14.8
and 9.76 on non- obese children.

The mini Wright flow meter is widely used for
measuring PEFR in home monitoring of asthmatics
or for screening tests in community-based studies on
respiratory illness. There are certain limitations in
our study, such as the assessment of lung function at
only one time point. It would be ideal to undertake
a longitudinal study to assess the changes in lung
function in relation to body composition over time.
In addition, there may be inherent weaknesses in a
simple device like the mini Peak Flow Meter (PFM)
such as packaging, durability and limitations to lung
function measurement. For example, there may be
mechanical failures in the flow meter after prolonged
use. Wirjodiardjo et al'® considered that the effect
of frequent use of the mini PFM on its efficacy and
reproducibility should be evaluated. Although data
appears consistent between various types of mini PFM,
the individual meter used may affect results and so it
would be better to use the same device regularly. We
used new brand of PFM in this study, and each child
used the same PFM to measure PEFR before and after
physical exercise.

Peak flow measurements in this study were
obtained with a standard way. In a standing position,
the subjects took a deep breath then placed the device
in the mouth and closed the lips around it with the
tongue away from the hole. Subjects then blowed out
as hard and fast as they can. The measured PEFR was
compared with the subject’s predicted PEFR, which
was matched to the same sex, age, body size and
ethnic group. Normal values and prediction formula
have been established for children of European,
American, African, and Asian origin. One problem
is the difference in the PEFR values obtained
when using a mini Wright PFM and an electronic
spirometer. Wirjodiardjo found that the PEFR using
PFM gave higher values.!® According to Goldberg
et al?® although PEFR is an important tool in the

management of asthmatic patients, it is not sensitive
enough in detecting small airway function, and it
is best used at home along with regular spirometer
measurements performed at the clinic. Wirjodiardjo
et all® recommended that air flow measurements
collected with simplified devices such as mini Wright
PFMs, especially in children, should be converted
to the value measured by a standard electronic
spirometer. Similarly in this study, we used the PEFR
conversion table from the mini Wright manufacturer
to compare the measured PEFR with the subject’s
predicted PEFR.

In conclusion, our results show that the peak
expiratory flow rate before and after physical exercise
is significantly lower in obese children compared with
that in normal children.

References

1. Flodmark CE, Lissau I, Moreno LA, Pietrobelli A, Wildham
K. New insight into the field of child and adolescents’ obesity :
the European perspective. Intern ] Obes. 2004;28:1189-96.

2. Sjarif DR. Obesitas pada anak dan permasalahannya. In:
Trihono PB, Pudjiarto SE, Sjarif DR, editors. Hot Topics in
Pediatrics II. Pendidikan Kedokteran Berkelanjutan Ilmu
Kesehatan Anak XLV, 18 — 19 Februari 2002. Jakarta: Balai
Penerbit FKUI, 2002; p. 219-32.

3. TangRB, Chao T, Chen S], Lai CC. Pulmonary function during
exercise in obese children. Chinese Med J. 2001;64:403-7.

4. Haddad GG, Palazzo RM. Diagnostic approach to respiratory
disease. In: Behrman RE, Kliegman RM, Jenson HB, editors.
Nelson Textbook of Pediatrics. 17t ed. Philadelphia:
Saunders; 2004; p. 1375-9.

5. Castile RG. Pulmonary function testing in children. In:
Chernick V, Boat TF, Wilmott RW, Bush A, editors. Kendig’s
Disorders of the Respiratory Tract in Children. 7th ed.
Philadelphia: Elsevier Inc, 2006; p. 168-85.

6. Shea JM, Martines CM. Peak flow meter. Available from
URL: http://www.pcca.net.

7. Aditama YT, Mangunnegoro H, Fachrurodji H, Depari,
Saharawati. Penggunaan arus puncak ekspirasi maksimal
dalam penilaian faal paru. Medika. 1987;7:670-1.

8. Moran R. Evaluation and treatment of childhood obesity.
Am Fam Physician. 1999;59:859-73.

9. Donohoue PA. Obesity. In: Behrman RE, Kliegman RM,
Jenson HB, editors. Nelson Textbook of Pediatrics. 17t ed.
Philadelphia: Saunders; 2004; p. 173-7.

Paediatr Indones, Vol. 49, No. 1, January 2009 ¢ 23



10.

11.

12.

13.

14.

15.

Febrina Z. Sivegar et al: Expiratory flow rate in obese and non-obese children

Laurenco RV. Diaphragm activity in obesity. ] of Clin Invest.
1989;48:147-52.

Kaplan TA, Montana E. Exercise-induced bronchospasm in
nonasthmatic obese children. Clin pediatr. 1993;32:220-5.
Von Mutius E, Schwartz ], Neas LM, Dockery D, Weiss ST.
Relation of body mass index to asthma and atopy in children
: the National Health and Nutrition Examination Study III.
Thorax. 2001;56:835-8.

Li AM, Chan D, Wong E, Yin ], Nelson EAS, Fok TE The
effects of obesity on pulmonary function. Arch Dis Child.
2003;88:361-3.

Gilliland FD, Berhane K, Islam T, McConell R, Gauderman
W7, Gilliland SS et al. Obesity and the risk of newly diagnosed
asthma in school-age children. Am ] Epidemiol. 2003;158:
406-15.

De la Rubia SG, Fernandez MJE, Solis MS, Moro IMG, Flores
DP, Ahumada MP, Exercise-induced asthma in children: a

24 * Paediatr Indones, Vol. 49, No. 1, January 2009

16.

17.

18.

19.

20.

comparative study of free and treadmill running. Ann Allergy
Asthma Immunol. 1998;80:232-6.

Custovic A, Arifhodzic N, Robinson A, Woodcock A.
Exercise testing revisited. Chest. 1994;105:1127-32.

Sinha T, David AK. Recognition and management of exer-
cise-induced bronchospasm. Am Fam Physician. 2003;67:
769-74.

Wirjodiardjo M, Said M, Boediman HI. Perbandingan hasil
pengukuran peak flow rate antara Mini Wright peak flow
meter dengan spirometer elektronik pada anak. Majalah
Kedokteran Indonesia. 1992;42:575-84.

Gharagozlo M, Khajooe V, Moin M, Rezvani M. Peak
expiratory flow rate in healthy children from Theran. Iran ]
Med Sci. 2003;28:26-8.

Goldberg S, Springer C, Avital A, Godfrey S, Bar-Yishay E.
Can peak expiratory flow measurement estimate small airway
function in asthmatic children? Chest. 2001;120:482-8.



