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Introduction

A pulmonary function test is an important tool in 
diagnosing respiratory diseases such as asthma, assessing 
disease severity, and to follow up with patients (1,2). 
There are several tests available to evaluate the pulmonary 

function from a simple test such as spirometry and peak 
expiratory flow to the more complex and expensive tests 
such as wash-out of nitrogen, dilution of inert gases, 
and whole body plethysmography. Each test has its own 
indication (3). The peak expiratory flow rate (PEFR) is 
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helpful for the monitoring of airway limitation as part of 
the Global Initiative for Asthma (1,2). The use of PEFR is 
cheaper, simple to use and portable (4). Daily evaluation 
of PEFR is quite useful for monitoring and adjusting an 
asthmatic patient’s treatment (4,5). PEFR is the maximum 
flow rate generated during a forceful exhalation, dependent on 
the strength of the thoracoabdominal muscle. The process 
is done by having the patient inhale to the optimum lung 
capacity and exhale to the maximum expiration (4,5).

Many factors including environment, ethnicity, socio-
economic conditions, gender, and anthropometric features 
play a role in lung function differences, as reported by many 
studies (3,4,6-11). It can be difficult to perform the test due 
to lack of cooperation from the patient and be suboptimal, 
making it hard to interpret. So, adult PEFR values do not 
correspond accurately to the PEFR values accorded to 
children. Furthermore, when applying previous research to 
Thailand, it is evident that international studies cannot be 
used as an indicator to be used with confidence (8,9,12-16).  
In Thailand only one study has been undertaken and that 
focused on children living in an urban zone (17). The aim 
of this study is to present normal PEFR and to establish 
a PEFR equation for Thai children living in a suburban 
environment.

Methods

This study includes an observational cross-section of 
healthy children aged 6 to 18 years. It was conducted in 
Phitsanulok Province in the lower north of Thailand. The 
children were chosen to participate from five primary and 
secondary schools over the period from February 2014 to 
January 2015. Students were randomly selected representing 
each grade. Each subject was interviewed and given a 
complete check-up of the following: weight, height, body 
temperature, dysmorphic features, breath sounds, heart 
sounds, organomegaly and neurological signs. A student 
would be excluded for the following reasons: (I) recent 
disease of the respiratory tract during the previous 4 weeks 
or with a history of chronic respiratory disease including 
improved symptoms of asthma such as asthma, chronic lung 
disease. (II) A systemic disease influencing the respiratory 
tract including neuromuscular disease, skeletal deformity or 
any systemic disease that can have lung involvement such as 
autoimmune disease. (III) The existence of any underlying 
heart disease. (IV) The use of inhaled corticosteroids, 
bronchodilators or medication that involves the pulmonary 
tract function. (V) A history of cardiopulmonary surgery. 

(VI) A history of tobacco smoking or substance abuse.
Each subject was required to have written consent 

provided by his or her parent or legal guardian, assent 
form in age 7–12 years and consent form for >12 years 
prior to participating in the study. The study was approved 
by Naresuan University Institutional Review Board (No. 
155/57) and conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). A minimal sample size 
for estimating population mean was 466 subjects. The 
healthy subjects included in this study were classified using 
demographic data which included the following criteria: age, 
sex, underlying disease, and height and weight. Each subject 
wore their school uniform and no shoes for recording the 
weight. Create a calm environment and adjust the room 
thermostat around 25–27 ℃ and have subject sit in an 
isolated chair for 10 minutes. The experienced technician 
was brought in to perform this task and guided the students 
during the measurement process of the PEFR. To eliminate 
bias, the same technician performed the procedure to 
all subjects and measure PEFR at the same time from 
10.00–13.00. The children were instructed on how to use 
the Wright peak flow meter (Clement Clarke International 
Ltd.) to inhale deeply, and then exhale forcefully as fast and 
hard as they can through the mouthpiece. Each child blew 
three times at maximum effort both at the rest and standing 
positions. This was done without the use of a nose clip. 
The experienced technician corrected and reassessed the 
technique that includes good coordination and maximum 
muscular effort in the test. All of the participants performed 
PEFR 3 times and the highest value was recorded.

Analysis

The data was analyzed using SPSS 22.0. Continuous 
variables such as age, weight, height, BMI, and peak flow 
were reported as mean ± standard deviation in normal 
distribution and median (IQR) in abnormal distribution 
and categorical variables such as sex. Pearson correlation 
coefficients were calculated to examine relationships 
between the independent variables (age, weight, height) and 
peak flow. Multiple linear regression analysis was used. A P 
value of <0.05 was regarded as significant.

Results

A total of 2,000 students were initially examined; 50 
students were excluded from the study because of 
respiratory symptoms on the day of the testing and 23 
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students were excluded due to underlying disease (15 
asthma, 5 congenital heart disease, 2 neuromuscular 
disease, and 1 SLE) and 7 students because of recent 
disease of the respiratory tract during the last 4 weeks 
(Figure 1). A total of 1,920 healthy children were recruited 
between the ages of 6 and18 years. Among them, 719 
(37.4%) were males and 1,201 (62.6%) were females 
with the median age (IQR) of 18 [12–18] years, the mean 
height, weight, body mass index (BMI) and PEFR were 
155.98±14.99 cm, 51.38±16.95 kg, 20.62±4.79 kg/m2 and 
339.31±113.55 L/min, respectively. Details of the data as 
separated by age are shown in Table 1.

The scatterplots of PEFR have a linear relationship in 
regards age, weight, height and BMI (Figures 2-5). The 
graphs show an increase in lung function with increasing 

age, height, and weight. Males had a stronger correlation 
with PEFR than females. For males, age was the strongest 
factor associated with PEFR (r=0.838, P<0.001). Females 
had a highly significant correlation between height and 
PEFR (r=0.532, P<0.001). The BMI was the lowest 
correlation in this study (r=0.350, P<0.001). We excluded 
the BMI in our equations for PEFR.

The regression equations are as follows:
 For males: PEFR = (1.34 × height) + (1.41 × weight) 

+ (16.56 × age) – 137.88, R-squared (R2) =0.751, 
P<0.001. 

 For females: PEFR = (1.31 × height) + (0.94 × 
weight) + (7.30 × age) – 55.27, R-squared (R2) 
=0.507, P<0.001.

Integration of age, height and weight for regression 

A total of 2,000 students 

Interviewed & check-up

Respiratory symptoms 

on the day of the testing

Underlying disease

• 15 Asthma

• 5 Congenital heart disease 

• 2 Neuromuscular disease  

• 1 SLE 

Respiratory tract infection during 

the last 4 weeks.

1,920 were recruited to study

Measurement height and weight 

Measurement PEFR

Excluded 50

Excluded 23

Excluded 7

Figure 1 Flow chart of the enrollment process. PEFR, peak expiratory flow rate. 
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equation reported a significant coefficient than individual 
factor.

Discussion

Measurement of PEFR is an important tool for the 
evaluation of asthma control and has been used commonly 

worldwide (1-4) because it is a simple, noninvasive, quick, 
and inexpensive test. Several previous reports suggest a 
good correlation between PEFR and FEV1 and indicates 
that measuring the PEFR can be a reliable and useful tool 
for evaluating respiratory flow and management of asthma 
(3,18-21).

Our data indicates that the PEFR values have a higher 

Table 1 Mean height, weight and peak expiratory flow rate (PEFR) separated from age and sex

Age 
(year)

Number Height (cm) Weight (kg) PEFR (L/min) BMI percentile

Male Female
Male  

(mean ± SD)
Female  

(mean ± SD)
Male  

(mean ± SD)
Female  

(mean ± SD)
Male  

(mean ± SD)
Female  

(mean ± SD)
Male 
(50%)

Female 
(50%)

6 10 11 117.95±4.26 116.09±4.85 21.60±3.30 20.36±2.76 195.00±32.75 167.27±31.97 15.24 14.58

7 35 29 120.44±5.97 121.67±5.18 24.47±8.10 24.64±5.99 188.43±39.46 175.00±31.31 15.39 15.27

8 36 27 124.28±5.14 124.31±6.91 25.56±6.95 25.70±6.64 205.28±38.73 194.81±42.82 15.30 15.88

9 25 30 129.26±6.56 134.08±7.46 30.52±14.08 33.42±10.99 230.80±39.68 212.00±53.01 15.45 17.34

10 49 51 135.82±6.31 138.82±8.71 33.75±9.72 36.52±14.02 251.53±50.01 238.24±58.27 17.26 16.49

11 42 21 141.87±8.05 146.52±7.12 36.29±9.88 41.71±11.01 262.98±46.94 250.48±56.52 16.97 17.84

12 52 82 152.78±8.95 154.76±5.99 49.39±14.51 49.10±12.68 311.35±67.16 277.44±57.22 19.59 19.22

13 5 10 155.60±3.78 150.85±3.92 67.40±20.82 42.75±7.10 354.00±67.31 287.00±57.94 25.39 18.07

14 6 7 169.58±3.35 161.29±8.23 61.42±23.55 51.71±6.34 413.33±88.24 287.14±43.86 18.40 19.95

15 50 78 169.25±6.53 158.47±4.95 62.85±12.68 52.71±10.98 443.80±81.99 320.06±55.66 20.55 20.16

16 7 3 169.64±7.62 158.83±3.62 58.14±9.75 53.33±3.79 417.14±54.38 340.00±100.00 20.75 22.31

17 39 63 170.57±6.88 158.76±5.14 59.61±12.44 55.88±14.76 472.05±86.58 323.97±70.59 19.67 20.75

18 363 789 171.36±6.55 158.45±5.09 65.10±15.84 53.16±11.75 492.84±85.45 321.37±67.26 20.76 20.34

Total 719 1201 158.50±19.54 154.47±11.17 53.84±20.68 49.90±14.08 400.47±138.19 302.69±74.90 19.72 19.82

Data shows mean ± standard deviation (SD). BMI, body mass index.

Figure 2 Linear regression analysis of peak expiratory flow rate and age.

r=0.540 (95% CI: 0.512−0.566)

Male: r=0.838 (95% CI: 0.815−0.859)

Female: r=0.507 (95% CI: 0.456−0.551)

(P<0.001)
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significant correlation with males than females. Most of the 
other studies conducted have recorded similar trends (7,22). 
This leads to a belief that differences in PEFR values between 
the genders occurs due to differences in airways and lung 
size, lung capacity, and the strength of respiratory muscles.

The height, age, and weight in this study correlate 
w i t h  t h e  P E F R  v a l u e s  f o u n d  i n  o t h e r  s t u d i e s 
(5-7,15,23-31). Height is the highest correlation factor. Cb 
et al. (27) and many others studies (23,24,31) have shown 
the same result. The PEFR trend also increased with age 
and height which may be due to growth development 
that increased muscularity and the size of the chest cavity 
during childhood and the adolescent period (28). Literature 
reviews (23,24,30,31) have revealed a variation associated 
with weight for PEFR while in this current study significant 

correlation is shown. In this study, BMI has the lowest 
correlation factor with PEFR. The calculation of weight 
and height as BW (kg)/height (m2), is not included in 
establishing the regression equation.

The regional difference also has an effect on PEFR. 
Pulickal et al. (26) found the normal value of PEFR in 
children in the south of India to be lower than those in the 
north of India. Carson et al. (32) study showed a significantly 
higher mean PEFR in rural children than children that live 
in urban areas. Benjaponpitak et al. (17) study, which was 
mainly conducted in Bangkok, the capital city of Thailand, 
showed correlation between PEFR with weight, height 
and age in males (r=0.79, 0.85 and 0.81, respectively) and females 
(r=0.73, 0.81 and 0.74, respectively). However, their finding 
indicated the use of only height in regression equation, 

Figure 3 Linear regression analysis of peak expiratory flow rate and weight.

Figure 4 Linear regression analysis of peak expiratory flow rate and height.
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Table 2 Comparison of regression equation in Thailand

Study Male regression equation Female regression equation

Benjaponpitak et al. in  
1999 (17)

PEFR (L/min) = [3.52 × height (cm)] − 186.80 PEFR (L/min) = [3.48 × height (cm)] − 204.11

This study PEFR (L/min) = (1.34 × height) + (1.41 × weight) +  
(16.56 × age) – 137.88

PEFR (L/min) = (1.31 × height) + (0.94 × weight) +  
(7.30 × age) – 55.27

PEFR, peak expiratory flow rate.

Figure 5 Linear regression analysis of peak expiratory flow rate and BMI. BMI, body mass index.

r=0.350 (95% CI: 0.308−0.390)
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which is incomparable to this current study as shown Table 2.  
This study includes all correlation factors in equation for 
accurate PEFR. The latest study (17) in Thailand was 
conducted in capital city where with the nutritional and 
socioeconomic status, as well as environmental situations 
differ from suburban or rural communities, which, as result, 
may have impact on the trajectory of children’s lives.

As there are wide variations in PEFR due to race, genetic, 
geographic, anthropometric, nutritional, socioeconomic, 
ethnicity, age, gender, regional difference (3,4,6-11). This 
study would be more appropriate to establish its own regional 
reference values for the northern region of Thailand.

Several studies suggest that PEFR value ranges from 
every individual; however, the lowest values are commonly 
recorded in the morning and peaks in the evening. 
This study recorded the PEFR of schoolchildren from  
10.00–13.00 which provided variable for PEFR. We mainly 
performed the procedure in the morning to maintain the 
control factor. We recommend the use of this equation to 
minimize variation.

Limitations

This study has employed an asymmetrical age distribution that 
mostly relies on adolescents due to the fact that younger age 
children cannot properly use the Wright peak flow meter and 
also has a large disparity in the number of females than males.

PEFR data was collected from the school children in 
both the morning and afternoon which is other may provide 
another variable the PEFR.

Further study is recommended and should involve the 
clinical testing of an equal or larger number of participants 
from the north of Thailand and be expanded to include 
additional variants such as air pollution that has recently 
increased worldwide and has an effect with PEFR values.

Conclusions

This research study has provided the normal range of PEFR 
for Thai children aged from 6 to 18 years in Phitsanulok. 
The data was obtained using the Wright peak flow meter. 
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Height, weight, and age were the significant determiners of 
the PEFR for each sex in the regression equation.
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