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ABSTRACT

Objective: To evaluate Peak Expiratory Flow (PEF) values in Turkish children between the ages 6 and 14 years 
old according to height, gender and age. Methods: Data was obtained from public health screening days in 
primary care practice on 1439 children. Peak expiratory flow (PEF) was measured for each child with a Mini 
Wright Peak Flow Meter. The study was assessed to find a correlation between heights, age and PEF values 
in children. Results: In our study, PEF values increased significantly with age and height in both genders. 
According to our results, the equation for prediction of PEF was calculated for girls as (7.37 × age [years])+ 
(3.02 × height [cm]) – 222.1 (p < .001, r= 0.83) and for boys (7.92 × age [years])+ (3.13 × height [cm]) – 230.9 
(p < .001, r =0.83). Conclusions: The PEF values are statistically significant associated with age and height 
for girls and boys. The prediction equations specifically developed for children in Kocaeli can be used in 
clinical practice and these equations may help clinicians to better characterize individual or population 
airway responsiveness.
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INTRODUCTION 

The rate of pulmonary diseases in childhood, especially 
bronchial asthma, is increasing in the world.1 In the 
evaluation and management of bronchial asthma, 
simple instruments for measurements of the peak 
expiratory flow (PEF) are needed.2

 
Peak Expiratory Flow (PEF) is an important parameter 
in the management of bronchial asthma and it is an 
easy-to-measure test, which can be performed with 
a relatively simple, cheap and portable instrument 
for a quick evaluation. PEF is an important measure 
in the management of asthma, just as blood pressure 
measurement is for hypertension or blood glucose 
for diabetes, and it provides a simple quantitative 
measure of the resistance and severity of airflow 
obstruction. The patient’s measured personal best 
(the highest PEF) is recorded and should be used for 
comparison to reference values.3

Reversible and variable airflow limitation are 
measured by using a spirometer to measure (FEV1 
and FVC) or a peak expiratory flow (PEF) meter in 
children over 5 years of age.4 The PEF meter is very 
popular in primary care and commonly applied as a 
quick screening method of assessing lung function in 

the clinic or at the bedside.5 Several kinds of peak flow 
meters are available and the measurement technique 
used is similar for all of them.4,6

Pulmonary function variables are known to vary with 
age, sex, height, weight, race and geographic location.1 
During the past 20 years, it has been recognised 
that, in addition to age, sex and height differences 
in PEF, there are lung function differences between 
subjects from different races such as reported for 
Hispanics, Orientals and Indians when compared with 
European, white North American children or Tunisian 
children.1,7

The aim of this study is to evaluate PEF values of 
healthy Turkish children in Kocaeli according to 
height, gender and age.
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MATERIALS AND METHOD

This study has been carried out using secondary data 
gathered from children between the ages of six and 
fourteen years, who were brought in by parents 
during weekly public screening days at Kocaeli 
Metropolitan Municipality Maternity and Children’s 
Hospital in Kocaeli, Turkey during the year 2002. The 
history of every child was taken by doctors. Children 
who had major disorders (cardiac, respiratory, renal 
or haematological disorders) were not considered in 
this study.

Heights and weights were measured for every child, 
with shoes off and wearing the least possible clothes. 
Height was measured by a stadiometer attached to 
the wall. Weight was obtained by standing on zeroed 
electronic scales.
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The same anthropometric equipment was used for 
each child. Weight measurements were in kilograms 
and height measurements in centimetres to the 
nearest millimetre. Age on the day of measurement 
was calculated in (decimal) years. Each child placed 
their feet on the base of the stadiometer and stood up 
with their back touching the vertical plate. 

For PEF measurement, the child was asked to stand 
up and hold the peak flow meter without restricting 
movement of the marker. The doctor made sure that 
the marker was at the bottom of the scale for each 
measurement. The child took a deep breath, put 
the peak flow meter in his or her mouth, sealed his 
or her lips around the mouthpiece, and breathed 
out as hard and fast as possible, with the head in a 

RESULTS

1439 children with a mean age of 9.67± 2.59 years were enrolled in the present study, with a male/female 
ratio of 763/676. 

Mean and standard deviation (SD) of anthropometric and PEF values are shown in Table I. The mean age, 
height and weight were similar for girls and boys but it was found that PEF was significantly higher for boys 
than girls.

Table I. Mean age, height, weight, and PEF in girls and in boys.  
(Mean; SD: standard deviation; PEF: peak expiratory flow (l/min), n: number)

neutral position, neither flexed nor extended. They 
were told repeatedly not to put their tongue into 
the mouthpiece. The marker was returned to zero 
after every measurement. To avoid the problem of 
variability due to different technicians and devices, 
all the tests were performed by one designated person 
using a Mini Wright Peak Flow Meter and (PEF) l/min 
was determined by a standard method.4

The results were evaluated to find a possible 
correlation between heights, age and PEF values in 
Turkish children in paediatric primary care. Statistical 
evaluation of the results was performed with the SPSS 
v14 computer program using simple multiple linear 
regression. All significance tests were based at the 
0.05 level of significance.

Mean height is shown separately for girls and boys aged 6-14 years in Table II. The mean PEF values for each 
age and gender are also shown. It shows that as height increased, PEF values also increased with age in both 
girls and boys.

Table II. Mean height and PEF according to age and gender. 

Mean; SD: standard deviation; PEF: peak expiratory flow (l/min), N: number)
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PEF values were also found to be highly correlated with the standing height in both girls and boys as shown in 
Figures 1a and 1b. 

        A         B
Figure 1. PEF (l/min) values plotted against standing height in (A) healthy boys and (B) girls.

The regression coefficients for the equations using height and age as the dependent variables are shown 
for the two genders separately in Table III. The choice of an appropriate regression model is made on the 
basis of variation of the dependent variable, the coefficient of determination, and a constant residual 
standard deviation over the range of ages. The PEF values for both genders are presented with standing 
height and age as the dependent variable. Our data show a significant increase in lung function with stand-
ing height in both genders. There was a statistically significant increase in PEF (P <.001) with increasing 
height. PEF values increased significantly from age 6 to 14 for both genders, as shown in Table III. The PEF 
values are statistically significant associated with age and height for girls and boys. These estimates are 
similar for girls and boys.

Table III. Regression equations predicted by standing height and age in healthy Turkish children.

PEF: Peak expiratory flow (l/min), R2: correlation coefficient, p<0.001 statistical significance, [B0: constant, 
B1: age coefficient, B2: height coefficient]
   [Function: PEF = b0+ b1x age (years) + b2 x height (cm)]
   [Formula For girls: (7.37 × age [years])+ (3.02 × height [cm]) – 222.1 (p < .001, r= 0.83)
                 For boys (7.92 × age [years])+ (3.13 × height [cm]) – 230.9 (p < .001, r =0.83)]
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DISCUSSION

The aim of this study is to establish and evaluate pre-
dictive equations of PEF measured for healthy chil-
dren, whose history was taken and who were medi-
cally examined in primary medical care in Turkey.

Lung function is known to vary with ethnicity and it 
is therefore important to establish normative values 
relevant to the ethnic groups of the local population. 
Apart from genetic constitution, environmental fac-
tors affecting growth and development such as child 
health, nutritional status and air quality may change 
over a long period and therefore lung function values 
for a given ethnic community may also change over 
time.8

For example, it has been reported that black males 
have spirometric parameters that are 10-13% lower 
than white males of European descent.7 Some previ-
ous studies reported significantly lower lung volumes 
in healthy Asian people as compared for instance to 
the children in a European community.9 

In our study, linear regression models were carried out 
by treating the two genders separately and including 
PEF as the dependent variable. Height and age were 
also included in the regression model. Our results 
show that PEF values increased significantly with age 
and height in both genders. Our results were similar 
to those described elsewhere.1,10,11 

Polgar’s reference values were proposed in children 
and adolescents, with the same values for males and 
females.12 More recently, in 1981, Knudson proposed 
different PEF values for children and adoles

cents and for males and females as cited in.13 

Our results show PEF values are significantly higher in 
boys than girls. Although there were no significant dif-
ferences between mean height for boys and girls, PEF 
values increased with age and height and were signifi-
cantly higher in boys than girls in our study. A study of 
PEF in a Mexican population also found, higher values 
for males than females, as in this study.13

According to our results, the equation for prediction 
of PEF was calculated for girls as (7.37 × age [years])+ 
(3.02 × height [cm]) – 222.1 (p < .001, r= 0.83) and for 
boys (7.92 × age [years])+ (3.13 × height [cm]) – 230.9 
(p < .001, r =0.83) respectively.

PEF values were also compared with another Turk-
ish study carried out in Istanbul, where PEF values 
were recorded using a Mini Wright peak flow meter 
and their results were slightly higher than ours.2 The 
slight difference in results might be due to different 
geographic locations and possible differences in envi-
ronmental conditions and nutritional status. 
 
The findings support the view that the differences 
seen in PEF between different populations as also 
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reported in may be influenced by exogenous factors 
and it should be borne in mind that these influences 
themselves may be subject to change with time.1,7,8  
On the other hand, according to our results, PEF val-
ues of Turkish children were similar to those of British  
and Danish children, but significant differences were 
noted from Mexican American, African-American and 
white American Children.14,15,16

CONCLUSIONS

PEF values in this study are statistically significant as-
sociated with age and height for girls and boys. These 
estimates are similar for both sexes. The high correla-
tion coefficients in this relatively large sample sug-
gest that these results can be considered to be reli-
able. Kocaeli is a cosmopolitan city and the prediction 
equations from this region could be used as a tool to 
calculate PEF values and the expected peak expira-
tory flow rates for Turkish children in the city. The use 
of other reference values derived for other population 
may not be appropriate as this might lead to errors 
in clinical evaluation and appropriate equations and 
trends should be developed and used in clinical prac-
tice. However, further studies are required to form 
more conclusive reference values for Turkish children 
possibly extended to include regional and ethnic dif-
ferences. We conclude that our findings would serve 
as an important basis for preparing centile curves for 
PEF values for healthy Turkish children and may fill 
the deficiency in the reference values. 
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