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Background: Guidelines of the Global Initiative for Asthma recommend the use of peak expiratory flow
(PEF) in the assessment and management of patients with asthma. However, normal PEF values for Chinese
children have not been thoroughly investigated.

Methods: This was a cross-sectional study of 3,169 healthy children aged 5-14 years from research centers
in five cities of China: Guangzhou, Suzhou, Chengdu, Xi’an, and Beijing. We established pediatric reference
values for PEF using a mini peak flow meter. PEF values recorded by the mini peak flow meter were
compared with those obtained using a spirometer.

Results: Height was the biometric variable with greatest correlation to PEF for both sexes. Significant
differences were noted between males and females. The regression equation for boys was calculated as PEF =
4.39x height (cm) -300.48 (R* =0.76, P<0.001); for girls, this equation was PEF =4.13x height (cm) -278.04
(R? =0.72, P<0.001). PEF values for Chinese children according to age were close to those of Irish, Turkish,
and British children but were lower than those of children in Greece; PEF values according to height were
similar to those of Turkish and Danish children but lower than values for children in Ireland.
Conclusions: We established normal PEF values and developed predictive equations using linear
regression analysis for Chinese children aged 5-14 years, while Greece and Ireland references were

inappropriate for Chinese children.
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Introduction reveal how their lungs are functioning, and how well they are

Measurement of peak expiratory flow (PEF) is of value for responding to treatment. The National Asthma Education

the management and follow-up of patients with asthma. and Prevention Program Expert Panel Reports and Global

Patients with asthma use the changes in PEF readings to help Initiative for Asthma guidelines recommend the use of PEF
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in the assessment and disposition of patients with asthma (1,2).

For this purpose, evaluation of observed PEF readings
requires knowledge of its range in normal subjects of the
same sex, age, and body size. However, normal PEF values
for Chinese children have not been thoroughly investigated.
To date, there have been only a few studies on normal PEF
values, all of which have been geographically specific (3-10).
These are therefore unlikely to be representative and
generalizable to the entire population of Chinese children.

There has been increasing evidence that in addition to
age, sex, and height differences for PEF, there are lung
function differences among people of different races.
Thus, formulas that have been derived based on European
children appear not to be generalizable to Chinese children.
As a large, multinational country, China is composed of
56 ethnic groups. Among them, Han Chinese account for
91.59% of the entire Chinese population (11). Thus, there
is an urgent need to update equations that can accurately
predict PEF for Han Chinese children.

The aim of the present study was to establish normal PEF
values and develop predictive equations for Chinese children.

Methods
Subjects

This investigation was a cross-sectional study conducted
from April 2010 to November 2012. Surveys were carried
out among children aged 5 to 14 years at five research
centers in five cities of Han Chinese: Guangzhou (in
southern China), Suzhou (in eastern China), Chengdu
(in southwestern China), Xi’an (in northwestern China)
and Beijing (in northern China). One elementary school
and one middle school from each city were randomly
selected. Finally, surveys were completed for a total of 3,169
physically healthy children (1,596 boys and 1,573 girls),
and participants underwent physical examination. Upon
review of the questionnaires, children were excluded if
they had (I) a recent disease of the respiratory tract during
the last 4 weeks or history of chronic respiratory disease;
(IT) a history of severe respiratory disease, e.g., surgery of
the thorax; (III) systemic disease influencing the respiratory
tract, e.g., neuromuscular disorders or skeletal deformity;
(IV) other significant diseases influencing the respiratory
tract; (V) use of inhaled corticosteroids, bronchodilators or
other medicines that influence the respiratory tract; and (VI)
household exposure to tobacco smoke (10,12).

The methods were carried out in accordance with the
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approved guidelines. The study was approved by the by
the local Institutional Review Board (No. 2010L.W025).
The parents of all study participants gave both verbal and
written informed consent before study enrollment.

Measurement

Demographic information including age, sex, and smoking
status (for children entering puberty) was collected (13).
Anthropometric values (height and weight) were
measured, preferably in the morning, by a physician
using a standardized procedure (14). Standing height (in
centimeters) was measured to the nearest 0.1 cm without
shoes. Weight (in kilograms) was rounded to the nearest
100 g with the children wearing only their usual school
uniforms. Height and weight were measured twice and the
average used for analysis.

Before our investigation, one experienced technician
from each of the five research centers received strict
training, to ensure the unity of standards. The children
performed flow-volume curve maneuvers in a pulmonary
function laboratory at each research center, using a
Jaeger Master Lab spirometer (Erich Jaeger GmBh,
Wurzburg, Germany) and following guidelines of the
American Thoracic Society (ATS) to ensure quality (14).
Prior standard instruction was provided and each effort
was coached by an experienced technician in a dedicated
pediatric pulmonary clinic. Spirometry was performed in
the seated position with a nose clip. Each effort in each
spirometry test session was evaluated by a single investigator
to determine acceptability and repeatability based on criteria
of the 2007 ATS and European Respiratory Society (ERS)
statement in pulmonary function testing among preschool
children. Children were excluded if the flow-volume curve
had an abnormal shape (14,15).

The children were then instructed in use of the Airmed
mini peak flow meter (Clement Clarke International
Limited, Harlow, UK), which has been designed to measure
PEF. Calibration of the instrument was checked initially
and periodically thereafter, using a standard peak flow
meter as reference. Five mini peak flow meters were used
at each research center. Agreement between the meters was
within 20 L/min; this was checked on 20 people. At least
one parent also attended the instruction sessions. When
participants had understood the technique, and were able
to perform the test correctly, they were asked to make six
maximal efforts in the standing position. They were closely
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observed to ensure that they maintained an airtight seal
between the lips and mouthpiece of the instrument. At each
center, all instructions were given by the same experienced
technician, who encouraged the children so as to obtain
optimal lung function values.

Analysis

The data were analyzed using International Business
Machines (IBM) SPSS (IBM Corp., Armonk, NY, USA).
Continuous variables, such as age, were reported as mean
standard deviation, and categorical variables, such as sex,
as the percentage in each subgroup. Means for age, height,
weight, forced expiratory volume in 1 second (FEV1) and
PEF were stratified by sex. The #-test was used to test for
differences in measurements between males and females.

Table 1 Number of selected normal subjects from five different
research centers

Research center Boys Girls Total
Guangzhou 184 181 365
Suzhou 201 222 423
Chengdu 517 526 1,043
Xi’an 481 461 942
Beijing 213 183 396
Total 1,596 1,573 3,169

1379

Correlation coefficients were calculated to examine
relationships among the independent variables and PEF.
Multiple linear regression analysis was used to predict PEF
values. Stepwise procedures were used with the independent
variables of height and weight as well as their square,
cube, and natural logarithm values, to find subset factors
considered to be potentially useful predictors. PEF values
were calculated using the previous regression equation for
Chinese children [5.29x height (cm) -427.1 for boys and
4.94x height (cm) -399.8 for girls] (16); these were then
compared with the current PEF values. Absolute error
was calculated as magnitude of the difference between the
exact value and predictive value. Comparisons with other
reference data for Irish (17), Turkish (18), British (19),
Greek children (20), and Danish children (21) children were
also made to show differences among the reference values
for children. A P value of <0.05 was regarded as significant.

Results

A total of 3,169 healthy children from five centers in five
cities throughout China were selected for the present
study (Zable 1). There were no significant differences in
participants’ height and weight between the five centers
(both P>0.05). Distributions of age and anthropometric data
by sex of the study population are shown in 7able 2. There
were no significant differences between boys and girls in
body height and weight from ages 5 to 12 years. Heights
and weights were both significantly higher for boys than for

Table 2 Age, sex and anthropometric data in 3,169 healthy Chinese children

Number Height (cm) Weight (kg)
Age (year)
Boys Girls Boys Girls Boys Girls

5 164 147 115.29 (4.65) 115.37 (5.02) 21.17 (3.22) 21.05 (3.10)
6 182 180 120.27 (4.71) 119.63 (5.09) 23.45 (3.57) 22.33 (3.45)
7 171 165 125.75 (5.19) 125.37 (4.99) 25.81 (5.01) 24.62 (3.77)
8 167 161 132.32 (5.55) 131.06 (6.09) 29.88 (5.92) 28.06 (5.90)
9 148 147 136.93 (6.49) 137.02 (7.62) 32.73 (7.39) 32.23 (7.28)
10 149 179 141.20 (6.05) 142.92 (6.95) 35.57 (8.22) 35.48 (7.35)
11 171 160 148.57 (7.50) 149.49 (7.33) 41.58 (9.74) 41.56 (10.37)
12 135 133 155.70 (8.48) 154.86 (6.18) 47.46 (11.28) 45.10 (9.03)
13 158 151 162.17 (8.35) 158.11 (5.86) 52.84 (13.23) 48.87 (8.25)
14-15 151 150 167.50 (6.21) 158.91 (5.27) 57.49 (13.24) 50.00 (8.13)

Data shows mean (standard deviation).
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Table 3 Mean peak expiratory flow (PEF) values recorded by mini
peak flow meter for boys and girls in relation to age

Lu et al. PEF among Chinese children

Table 5 Mean peak expiratory flow (PEF) values recorded by mini
peak flow meter for boys and girls in relation to weight

Age PEF (L/min) b value Weight PEF (L/min) b value
(year) Boys Girls (kg) Boys Girls

5 205.46 (36.99) 197.62 (40.90) 0.079 10-19 193.15 (34.53) 192.29 (40.69) 0.878

6 221.62 (38.31) 206.84 (38.10) 0.000 20-29 247.83 (47.82) 238.34 (47.84) 0.001

7 247.83 (39.24) 238.82 (40.64) 0.045 30-39 318.48 (50.48) 310.39 (52.68) 0.040

8 291.95 (45.67) 269.08 (45.79) 0.000 40-49 370.86 (67.33) 359.38 (51.77) 0.026

9 305.25 (47.32) 288.49 (47.67) 0.003 50-59 413.17 (65.80) 383.77 (44.72) 0.000

10 313.36 (46.14) 307.39 (46.32) 0.250 >60 443.21 (66.57) 398.91 (47.91) 0.000

11 341.67 (56.23) 334.39 (48.14) 0.214 Data shows mean (standard deviation).

12 377.74 (56.08) 357.27 (43.95) 0.001

13 415.32 (60.61) 385.30 (44.40) 0.000 for 100, 110, 140, and =170 cm (Tiable 4). There were also
14-15 447.13 (62.36) 390.27 (49.24) 0.000 significant differences in PEF values between boys and girls

Data shows mean (standard deviation).

Table 4 Mean peak expiratory flow (PEF) values recorded by mini
peak flow meter for boys and girls in relation to height

Height PEF (L/min) b value
(cm) Boys Girls

100-109 189.41 (24.36) 177.00 (35.85) 0.235
110-119 208.12 (36.53) 201.47 (39.61) 0.074
120-129 242.01 (41.58) 231.90 (40.94) 0.003
130-139 294.93 (42.71) 278.85 (44.59) 0.000
140-149 327.08 (46.29) 320.61 (43.67) 0.115
150-159 375.60 (50.67) 363.15 (47.37) 0.005
160-169 426.01 (52.64) 393.02 (46.68) 0.000
=170 459.90 (61.47) 418.89 (50.36) 0.055

Data shows mean (standard deviation).

girls from ages 13 to 14 years (P<0.05).

Mean PEF values recorded by mini peak flow meter
in boys were significantly higher than those in girls
(313.65+91.27 vs. 295.65+79.61 L/min). Mean PEF values
by mini peak flow meter according to age, height, and
weight for both sexes are shown in Tables 3-5. There were
significant differences in PEF values between boys and
girls in each age group, except for ages 5, 10, and 11 years
(Table 3). Additionally, there were significant differences in
PEFs between boys and girls in each height group, except
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in each weight group, except the 10-kg group (Tuble 5).

For both sexes, PEFs recorded by mini peak flow meter
increased with age, height, and weight (Figure 1). The
correlation coefficients between PEF values obtained by
mini peak flow meter and height, weight, and age are given
in Table 6. All correlations were found to be positive and
significant (P<0.001).

In developing the multiple regression model, we
included age, height and weight, as well as their square,
cube, and natural logarithm values; height was the only
significant predictor of PEF values by mini peak flow meter
in the sex-specific model. Therefore, only height was used
in the reference equations for PEF recorded by mini peak
flow meter. The regression equation for boys was calculated
as follows: PEF recorded by mini peak flow meter =4.39x
height (cm) -300.48 (R’ =0.76, P<0.001); for girls this was
PEF =4.13x height (cm) -278.04 (R> =0.72, P<0.001). The
scatter plots and regression lines of PEF by mini peak
flow meter based on height for boys and girls are shown in
Figure 2.

The mean FEV1 and PEF values recorded by spirometer
according to age for boys and girls are shown in Figure 3.
PEF by mini peak flow meter and PEF and FEV1 by
spirometer showed a very high correlation (Figure 4); the
correlation coefficient for PEF values between the two was
0.93. The correlation coefficient for PEF recorded by mini
peak flow meter and FEV1 recorded by spirometer was 0.88.

PEF values were calculated using the previous regression
equation used for Chinese children [5.29x height (cm) -427.1
for boys and 4.94x height (cm) -399.8 for girls]; these

F Thorac Dis 2018;10(3):1377-1385
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Figure 1 Mean PEF recorded by mini peak flow meter for boys and girls in relation to (A) age, (B) height and (C) weight. PEF, peak

expiratory flow.

Table 6 Pearson’s correlation coefficients between peak expiratory
flow (PEF) recorded by mini peak flow meter and age, height and
weight (P<0.001 for all correlation coefficients)

PEF recorded by mini peak flow meter

Parameter

Boys Girls
Age 0.838 0.829
Height 0.873 0.847
Weight 0.786 0.790

were then compared with the PEF values in our study (16).
The mean absolute error for boys was 37.45 L/min, and
mean absolute percentage error was 12.6%.

We also compared mean PEF values of Chinese children
for each age and sex with those of Irish (N=2,828), Turkish
(N=2,791), British (N=339), and Greek children (N=522),
and for height with those of Irish, Turkish, and Danish
(N=861) children. We found that PEF values of Chinese
children for both sexes according to age were close to those
of Irish, Turkish, and British children whereas they were
lower than those of Greek children (Figure 5). PEF values
according to height were similar to those of Turkish and
Danish children, whereas they were lower than those of

Irish children (Figure 6).

Discussion

PEF is primarily a measure of the patency of large
intrathoracic airways and is used worldwide for the
treatment and follow-up of asthma in children and adults
(1,22,23). PEF recorded by mini peak flow meter is
considered important for the screening and diagnosis of
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asthma in population-based studies, as well as for assessing
disease severity and prognosis. This measure is simple to
perform, easily learned, and reproducible. Therefore, it is
necessary to develop predictive equations for PEF.

Reliable normal reference value does rely on appropriate
sample size, nevertheless, due to technological difficulty,
it is impossible to generate the reference value from a
randomized community sample, and it is also difficult to
predict the proper sample size. We searched more than 30
published references and only found one paper recommend
the sample size estimation. Quanjer et #/. had discussed
the influence of sample size on lung function reference
equations, and suggested that at least 300 local healthy
subjects (150 males and 150 females) would be needed to
validate reference values to avoid spurious differences due
to sampling error (24). In our study, the sample size is more
than 3,000 (each research center has a sample size more
than 300), therefore we think our sample size is big enough
to generate a reliable normal reference for PEF.

Variables of ethnicity, sex, age, weight, and height are
known to have an impact on PEF values (25). In addition,
environmental factors affecting growth and development,
such as child health nutritional status and air quality, may
change over long periods (26); therefore, PEF values for
a given ethnic community may change over time. To the
best of our knowledge, there are only seven studies in
the literature that used predictive equations for PEF in
Chinese children (3-10); however, these studies were all
geographically specific. Although no differences were found
between different areas of China, the results of these studies
are unlikely to be representative and generalizable to the
entire population of children in China (6). Hence, it is
crucial to develop equations to accurately predict PEF for

F Thorac Dis 2018;10(3):1377-1385
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Figure 2 Scatter plot and regression lines of PEF recorded by mini peak flow meter in boys (A) and girls (B) based on height. PEF, peak

expiratory flow.
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Figure 6 Comparison between PEF based on height obtained by present study with those of various other studies. PEF, peak

expiratory flow.

Chinese children.

Our study used stepwise multiple regression techniques
to predict PEF using predictor variables of height, weight
and age, as well as their square, cube, and natural logarithm
values, stratified by sex. We used simple reference equations
for both boys and girls based on height alone for Chinese
children. We found differences in the PEF values between
boys and girls. We determined scatter plots and regression
lines of PEF recorded by mini peak flow meter based on
height in boys and girls. We believe that charts of PEF
plotted against height can be easily used by respiratory
physicians to assess the lung function of a given child.

We made comparisons between PEF recorded by
mini peak flow meter, and PEF and FEV1 recorded by
spirometer. We found that the mini peak flow meter can
provide reproducible FEV1 values that are of acceptable
quality. FEV1 is considered the gold standard of peripheral
airway obstruction. This highlights the importance of
the mini peak flow meter when hospital spirometry is
unavailable.
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We made comparisons with other reference data for
Trish (17), Turkish (18), British (19), Greek children (20),
and Danish children (21) children to show differences
among the reference values for children. We found that
PEF values for Chinese children of both sexes according
to age were close to those of Irish, Turkish, and British
children but were lower than those of children in Greece;
PEF values according to height were similar to those of
Turkish and Danish children but lower than values for
children in Ireland. These differences may be owing to
the methodology used, sampling variability, and ethnic
differences in body morphology and lung dimension and
function. Relatively small sample sizes may also cause
increased random variability.

The current study has some limitations. First, the
developed predictive equations are only applicable to the
age-specific population of Chinese children from 5 to
14 years old. Because a child in China is defined as being
below age 14 years, participants older than 14 years of
age were not included. Further studies are needed among

F Thorac Dis 2018;10(3):1377-1385
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Chinese children younger than 5 years old, to better
understand pulmonary function in children of different
ages. Second, using different spirometric technicians in
the different settings could be a source of increased data
variance. However, all technicians performed spirometric
measures according to guidelines and requirements of the
ATS/ERS; thus, different technicians should not affect
greatly affect the measurements. Lastly, our use of age in
whole years could be limited compared with more precise
decimal age.

In conclusion, our study established normal values of
PEF and developed predictive equations for PEF using
linear regression analysis for children aged 5-14 years in
China.
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