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Background: There have been difficulties in applying spirometric tests to children of preschool age.
Methods: The feasibility of measuring lung function was examined in 652 children aged 3–6 years
using dynamic spirometry with an animation programme and the guidelines approved by the European
Respiratory Society.
Results: Data from 603 (92%) children with at least two acceptable forced expiratory manoeuvres
were analysed; 408 (68%) achieved at least three acceptable manoeuvres. Children with only two
acceptable manoeuvres were younger, shorter, and weighed less (p<0.001). The lower levels of lung
function in this group were partly explained by body size. 63% of those with three acceptable manoeuvres had a difference of <5% between the highest and second highest forced expiratory volume in 1
second (FEV1); when a difference of <10% was applied, 91% of the children were included. A similar
trend was seen for forced vital capacity (FVC). The acceptability and reproducibility increased with
increasing age, and levels of lung function increased linearly with age. The linear regression model
showed that standing height was a satisfactory predictor of lung function; the explained fraction of
variance (R2) was 59% for FEV1. Most FVC manoeuvres in children older than 3 years were acceptable
and reproducible.
Conclusions: Spirometric testing is feasible in preschool children and may be useful for both clinical
practice and research. This study may fill the deficiency in reference values for European preschool
children.

easurement of lung function is a well established part
of pulmonary medicine, and lung function parameters
are used in the diagnosis of respiratory diseases,
assessment of clinical status and drug treatment response, as
well as in surveillance of patients with a chronic pulmonary
disease. The 1992 International Consensus Report on Diagnosis and Treatment of Asthma states that spirometry is recommended in the initial assessment of most patients with
suspected asthma.1 Spirometry is also a central method of
measuring outcome in respiratory epidemiology. The most
commonly used test of lung function is spirometry, especially
a set of 3–5 forced vital capacity (FVC) manoeuvres, from
which the forced expiratory volume (FEV1) and FVC are
measured.2–4 This method and the instruments for performing
FVC tests are comprehensively standardised in the guidelines
approved by the European Respiratory Society (ERS) and the
American Thoracic Society (ATS).3 4 An important application
of lung function measurement in epidemiology is to study the
genetic and environmental determinants of lung function—
either the level in cross sectional studies or the rate of change
over time in longitudinal studies—and to assess lung function
as a predictor of later disease or disability. It is also important
to understand the natural development of lung function
parameters over time. A series of large epidemiological studies
have provided information on normal development of lung
function in adults and schoolchildren.5 Recently, special
methods to measure the lung function in newborn infants
have also been developed.6 Little is known about the levels and
development of lung function in preschool children aged 1–6
years, whereas growth curves are available for tracking a
child’s FEV1 and FVC from the age of 6 years.7–10 There have
been difficulties in using spirometric tests in preschool
children, and the validity and reproducibility have been
thought to be seriously compromised in this age group whose
attention span is short or who may not cooperate
appropriately.11 12 The commonly used reference standards

such as those of Polgar and Promadhat,13 Zapletal et al,14 and
Knudson and co-workers15 have few children below 115 cm
standing height and do not include children smaller than
110 cm in height and younger than 6 years of age. However, a
recent study of 184 healthy children in the US included
preschool children aged 3–6 years.10
Animation programmes for measuring lung function have
recently been developed which may minimise the degree of
cooperation required of preschool children. The objectives of
this study were to examine the feasibility of measuring lung
function in preschool children and to estimate how age,
height, weight, and sex affect the acceptability of spirometric
tests. We focused on forced expiratory flow-volume curves
which would be useful in epidemiological studies of preschool
children.

METHODS
Study population
The source population constituted all children living in the city
of Oslo who attended a day care centre. As part of the Day Care
Environment and Health Project, we studied children aged
3–6 years in 24 full time day care centres in Oslo. Of the 919
eligible children, 652 (80%) were present at the day care centre on the days the data collection took place. The regional
ethics committee and the data protection registrar approved
the study and written informed consent to take part was
obtained from the parents on behalf of their children.
Baseline spirometry
Lung function was measured by dynamic spirometry (MasterScreen Pneumo, Erich Jaeger GmbH, Germany) using an animation programme according to the guidelines recommended
by the European Respiratory Society (ERS).3 Regular calibration was done with a 1 litre calibration syringe. Two
experienced technicians performed the spirometry testing in
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Data analysis
We compared the lung function parameters, age, height, and
weight in children with at least three acceptable manoeuvres
and those with two acceptable manoeuvres. We also compared
the proportion of children with a reproducible measurement
of lung function using differences of both 5% and 10%
between the highest and second highest measurement of FEV1
and FVC. The role of age as a determinant of level and reproducibility of lung function parameters was measured by comTable 1

paring four age groups: 3 years (n=143), 4 years (n=201), 5
years (n=201), and 6 years (n=58). Differences between
groups were assessed by a two sample t test and a χ2 test.
Linear regression was applied to assess the dependency of
the lung function measures FEV0.5, FEV1, FVC, and PEF on the
explanatory variables age, height, weight, sex and acceptability of three or more manoeuvres. The effects of sex and
acceptability were assessed by indicator variables (1/0). Parental smoking habits and presence of asthmatic symptoms were
known in a subset of children (n=476). Not all parents who
allowed their children to take part in the spirometric tests
returned the 2-week diary and parental questionnaire that
included this information. Additional regression models were
carried out on this subset taking smoking and asthma into
account. The models were compared by the explained fraction
of the variance (R2). The regression models were tested for
interaction between the two groups and the other explanatory
variables (age, height, weight, and sex). The models were also
tested for deviation from linear effects of age, height, and
weight by means of additive models (GAM)16 and by including
square terms of the explanatory variables. An assumption of
multiple linear regression models is homoscedastic (constant)
variance. This assumption was checked by smoothing of
squared residuals on fitted values by means of additive models (GAM). Alternative models in which the lung function
measures and/or the explanatory variables were log transformed were also carried out. The predicted values of FEV1 and
FVC by height are shown using the equations from this
present study and those of Eigen et al10 with 95% prediction
limits and 95% confidence limits.
The analyses were conducted using the computer program
SPSS version 9.0 (SPSS Inc, Chicago, USA, 1999) and the
GAM procedures in S-Plus (MathSoft4, Seattle, 1997).

RESULTS
Lung function was measured in 630 (97%) of the 652 children
aged 3–6 years; 22 (3%) children refused to participate. After
an evaluation of all flow-volume curves using the acceptability criteria of the ERS,3 analyses were performed on data from
603 (92%) children. In contrast to the ERS criteria, we also
included all children with two acceptable manoeuvres.
Table 1 shows the distribution of age, sex, height, weight,
and lung function levels for children with at least three
acceptable manoeuvres (n=408, 68%) and for those with two
acceptable manoeuvres (n=195, 32%). Children with only two
acceptable manoeuvres were younger, shorter, and lighter and
had lower levels of lung function than those with >3 acceptable manoeuvres. The acceptability increased with age
(p<0.001) (not shown). Among children aged 3 years, 51%
had at least three acceptable manoeuvres compared with 69%,

Characteristics of the study population
Number of acceptable manoeuvres

Characteristic

>3 (n=408)

2 (n=195)

At least 2 (n=603)

Age (years)
Sex (%)
Boys
Girls
Height (cm)
Weight (kg)
FEV1 (l)
FEV0.5 (l)
FVC (l)
PEF (l/s)

4.7 (4.6 to 4.8)

4.3 (4.1 to 4.4)

4.5 (4.5 to 4.6)

51
49
110.3 (109.6 to 111.0)
18.5 (18.2 to 18.8)
1.15 (1.12 to 1.18)
0.98 (0.96 to 1.00)
1.20 (1.17 to 1.23)
2.83 (2.77 to 2.89)

56
44
106.8 (105.7 to 107.8)
17.2 (16.7 to 17.7)
0.99 (0.95 to 1.03)
0.86 (0.85 to 0.89)
1.02 (0.98 to 1.06)
2.48 (2.39 to 2.57)

52
48
109.2 (108.6 to 109.8)
18.1 (17.8 to 18.3)
1.10 (1.08 to 1.12)
0.94 (0.92 to 0.96)
1.15 (1.12 to 1.18)
2.71 (2.66 to 2.71)

FEV1, FEV0.5=forced expiratory volume in 1 or 0.5 seconds; FVC=forced vital capacity; PEF=peak expiratory
flow.
Frequency distributions and means with 95% confidence intervals (95%CI) are given separately for children
with at least three acceptable manoeuvres and those with two acceptable manoeuvres.
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the day care centres using ananimation programme with illuminated candles and a balloon. The measurements were conducted on one or two days depending on the number of children in each centre. The age of each child was calculated by
subtracting his/her date of birth from the date of the testing
day. Standing height and weight without shoes were
measured using the same equipment and standardised procedures in all day care centres. Children with major signs of
upper respiratory tract infections were excluded.
Lung function was measured in February–April 1999. The
children were trained in groups of three. First they played with
their mouthpiece, blowing through it as fast, hard, and for as
long as possible. Individual flow-volume curves were then
measured with the subject sitting wearing a nose clip. Calibration, taking into consideration ambient conditions, was
conducted after every fifth child. All manoeuvres complied
with the general acceptability criteria of the ERS.3 Individual
flow-volume curves were reviewed for technical acceptability
and were considered unacceptable if: (1) the child waited too
long before starting; (2) the child coughed or breathed in during the measurement; (3) the curve was flat or rounded without a distinct peak; (4) the top of the curve was to the right or
there was more than one distinct peak. At least three technically acceptable attempts of maximal forced expiratory
flow-volume curves were recorded. However, children with at
least two acceptable manoeuvres were also included in the
analysis.3
The lung function parameters measured were: forced
expiratory volume in 1 second (FEV1), forced expiratory
volume in 0.5 seconds (FEV0.5), forced vital capacity (FVC),
and peak expiratory flow (PEF). Reproducibility of FVC and
FEV1 was considered acceptable when the highest FVC and
FEV1 value did not exceed the second highest value by more
than 5%. The corresponding cut off point was 10% for PEF. The
reproducibility criterion was not used to exclude children with
a complete test set. Tests that did not meet this criterion were
marked so that these data could be analysed separately. The
highest reading is reported using the envelope method of
reading flows, which means that the highest flow at a given
lung volume is chosen, irrespective of the curve.3 The variables
are presented as absolute values.
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Difference between >3 acceptable 2 acceptable
Lung function highest and second manoeuvres
manoeuvres
parameters
highest value (%)
(n=408)
(n=195)
FEV1
FEV0.5
FVC
PEF

<5*
<10
<5*
<10
<5*
<10
<5
<10*

63
91
70
93
55
83
60
86

43
64
43
81
40
67
42
73

FEV1, FEV0.5=forced expiratory volume in 1 or 0.5 seconds;
FVC=forced vital capacity; PEF=peak expiratory flow.
*ERS criteria of reproducibility.

76%, and 78% in children aged 4, 5 and 6 years, respectively.
About 10% of the children were unable to expire for 1 second.
In general, the reproducibility of lung function parameters
was higher in children with three acceptable manoeuvres than

in those with two (table 2); 63% of the children with three
manoeuvres fulfilled the 5% reproducibility criterion in FEV1
compared with 91% using the 10% criterion. A similar trend
was seen for FEV0.5, FVC, and PEF (table 2). Furthermore, the
reproducibility increased with age using a reproducibility of
<5%; this trend was weaker using a difference of <10%
between the highest and second highest values (table 3).
Figure 1 shows the unadjusted means of FEV1, FEV0.5, FVC,
and PEF with 95% confidence intervals. The levels of lung
function increased linearly with increasing age. This increase
was consistent for both children with at least three acceptable
manoeuvres and for those with two acceptable manoeuvres.
The same trend was seen for height (fig 2).
Separate simple linear regression models entering only one
of the explanatory variables (height, weight and age) were fitted. The largest explained fractions of variance (R2) were
obtained for height, which was 59% for FEV1 and FVC (table
4); age accounted for up to 48% and weight up to 40%. The
best linear predictor of FEV1 based on a single explanatory
variable is thus predicted FEV1 = –1.92 + 0.0277 height (cm)
with a standard deviation (SD) of 0.18 (table 4). The distribution of the residuals was in good agreement with a normal
distribution. One would therefore expect that about 68% of
children of a given height will have values of FEV1 in the
interval predicted FEV1 (±SD) and about 95% in the interval

Table 3 Percentage of preschool children with a difference of <5% and 6–10%
between the highest and second highest value of FEV1, FEV 0.5, FVC, and PEF by age.
Percentage of children
Lung function
parameter
FEV1
FEV0.5
FVC
PEF

Difference between
highest and second
highest value (%)

3 years
(n=143)

4 years
(n=201)

5 years
(n=201)

6 years
(n=58)

<5*
<10
<5*
<10
<5*
<10
<5
<10*

45
76
46
76
45
73
49
83

58
85
64
92
55
77
57
82

61
90
67
93
46
77
60
87

64
93
69
98
57
86
62
86

FEV1, FEV0.5=forced expiratory volume in 1 or 0.5 seconds; FVC=forced vital capacity; PEF=peak expiratory flow.
*ERS criteria of reproducibility.

1.2
1.4

FEV1 (l)

FEV0.5 (l)

1.1
1.0
0.9

1.2

1.0

0.8
0.8

0.7
3.0

3.5

4.0

4.5

5.0

5.5

6.0

3.0

3.5

Age (years)

4.0

4.5

5.0

5.5

6.0

5.5

6.0

Age (years)

3.5

PEF (l/s)

FVC (l)

1.4

1.2

3.0

2.5

1.0

2.0

0.8
3.0

3.5

4.0

4.5

5.0

Age (years)

5.5

6.0

3.0

3.5

4.0

4.5

5.0

Age (years)

Figure 1 Level of lung function (FEV1, FEV0.5, FVC, and PEF) by age in children aged 3–6 years. The solid line represents the whole group and
includes 95% confidence intervals in each age group. The dotted line represents children with at least three acceptable manoeuvres and the
dashed line represents children with two acceptable manoeuvres.
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Table 2 Percentage of preschool children with a
difference between the highest and second highest value
of FEV1, FEV 0.5, FVC and PEF of <5% and 6–10% in
children with at least three acceptable manoeuvres
and those with two acceptable manoeuvres
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FEV1 (l)

FEV0.5 (l)

1.6

1.2

1.0
0.8

1.4
1.2
1.0
0.8

0.6
0.6
90

95

100

105

110

115

120

125

130

90

95

100

Height (cm)

115

120

125

130

120

125

130

4.0
3.5

PEF (l/s)

1.6

FVC (l)

110

Height (cm)

1.8

1.4
1.2
1.0

3.0
2.5
2.0

0.8

1.5

0.6
90

105

95

100

105

110

115

120

125

130

90

95

100

Height (cm)

105

110

115

Height (cm)

Figure 2 Level of lung function (FEV1, FEV0.5, FVC, and PEF) by height in children aged 3–6 years. The solid line represents the whole group
and includes 95% confidence intervals in each age group. The dotted line represents children with at least three acceptable manoeuvres and
the dashed line represents children with two acceptable manoeuvres.

predicted FEV1 (±2SD). Similar prediction intervals apply for
the other lung function parameters. Also, the z score that can
be compared with the standard normal distribution can be
computed as, for instance, z = (observed FEV1 – predicted
FEV)/SD.
Multivariate regression models on the subset of 476
children with information on parental smoking and asthmatic
symptoms showed that neither of these factors influenced
lung function. About 30% were smokers, and the prevalence of
wheezing during the last 12 months and ever asthma was 23%
and 9.7%, respectively. In the multivariate regression analyses
on all children, all explanatory variables (height, age, weight,
sex, and acceptability of three manoeuvres) had clear
significant effects with the exception of the effect of sex on
PEF (p=0.18). The improvements in R2 were modest, however
Table 4 Height as a predictor of lung function
parameters for girls and boys given as the results of
the crude linear regression analyses Y = β0 + β1h
where h = height (cm) and Y = one of the lung volume
measures (FEV0.5, FEV1, FVC and PEF). Slope β1
represents the change per cm height
Lung volume
measure

Intercept β0

Slope β1 (SE)

SD

R2

Girls:
FEV0.5 (l)

–1.17

0.14

0.53

FEV1 (l)

–1.66

0.17

0.55

FVC (l)

–1.93

0.19

0.53

PEF (l/s)

–3.72

0.0192
(0.0011)
0.0251
(0.0013)
0.0279
(0.0015)
0.0589
(0.0040)

0.50

0.43

Boys:
FEV0.5 (l)

–1.35

0.15

0.57

FEV1 (l)

–2.11

0.18

0.63

FVC (l)

–2.52

0.20

0.63

PEF (l/s)

–4.04

0.0210
(0.0010)
0.0295
(0.0009)
0.0337
(0.0015)
0.0620
(0.0035)

0.49

0.50

FEV1, FEV0.5=forced expiratory volume in 1 or 0.5 seconds;
FVC=forced vital capacity; PEF=peak expiratory flow.
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(table 5). For example, R2 was 64% in the multivariate analysis
of FEV1 and 59% in the analysis with height only. A prediction
rule of FEV1 based on all explanatory variables becomes:
predicted FEV1 = –1.33 + 0.0161 h + 0.0152 w +
0.0057 a + 0.06 m + 0.04 b
where h is height in cm, w is weight in kg, a is age in months,
m is the indicator of three or more manoeuvres, and b is the
indicator of a boy. In this regression model the SD was 0.17
and a 68% (95%) prediction intervals for a new observation
becomes the interval predicted FEV1 ± SD (±2 SD).
When fitting the data with additive models, significant
non-linearity was found on height for FEV0.5, FEV1, and FVC.
However, the improvement in R2 was only 0.5%. Almost the
same improvement was obtained by including height squared
in the regression model. The estimated coefficient of the
square term was positive, so there were indications of a convex
relationship between lung function measurements and
height. Interactions between sex and height were significant
for FEV1 and FVC. However, in the crude analysis shown in
table 4, the increase in R2 by including sex and the interaction
terms was less than 1%. Similarly, inclusion of the interaction
term in the adjusted analyses led to improvements in R2 of less
than 0.5%. The interactions between acceptability of three
manoeuvres and the other explanatory variables were not significant. There were indications that the standard deviation
increased with the predicted value. However, for FEV1 this
increase was not significant. Log transformation of lung function measurements and/or height gave a similar although
somewhat smaller explained fraction of variance. Figure 3
shows the predicted values of FEV1 and FVC by height using
the equations from the present study and the values predicted
by Eigen et al.10 The figure includes 95% confidence intervals to
show the uncertainty in the estimated regression lines and
prediction intervals, which should include a new value with a
probability of 95%. There is a good overlap between these two
studies.

DISCUSSION
The results of this study show that spirometry using an
animation programme is feasible in children aged 3–6 years.
The acceptability and reproducibility were reasonable for the
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Lung volume
measure

β0

β1 (SE)

β2 (SE)

β3 (SE)

β4 (SE)

β5 (SE)

RSD

R2

FEV0.5 (l)

–0.84

0.19

0.64

PEF (l/s)

–2.21

0.026
(0.011)
0.046
(0.014)
0.058
(0.015)
0.052
(0.038)

0.64

–1.57

0.038
(0.012)
0.062
(0.015)
0.058
(0.017)
0.114
(0.042)

0.17

FVC (l)

0.0044
(0.0009)
0.0057
(0.0011)
0.0072
(0.0012)
0.0217
(0.0030)

0.59

–1.33

0.0105
(0.0024)
0.0152
(0.0029)
0.0169
(0.0033)
0.0238
(0.0082)

0.13

FEV1 (l)

0.0119
(0.0013)
0.0161
(0.0017)
0.0171
(0.0019)
0.0289
(0.0047)

0.47

0.53

FEV1, FEV0.5=forced expiratory volume in 1 or 0.5 seconds; FVC=forced vital capacity; PEF=peak expiratory
flow; RSD=residual standard deviation; R2=explained fraction of variance; SE=standard error of regression
parameter. Slopes β1, β2 and β3 represent the change per unit change in the respective explanatory variable.
Coefficients β4 and β5 give the difference between two groups.

Present study
95% prediction limits
95% confidence limits
Eigen et al
A

2.0

B
2.0

1.5

FVC (l)

FEV1 (l)

1.5

1.0

1.0

0.5

0.5

90

100

110

Height (cm)

120

130

90

100

110

Height (cm)

120

130

Figure 3 Predicted values of FEV1 and FVC by height using the equations of the present study and that of Eigen et al10 with 95% prediction
limits and 95% confidence limits.

whole age range, but there was a steady improvement with
age. The levels of lung function were found to be higher in
children with three acceptable manoeuvres than in those with
two. This was partly explained by age and body size. Standing
height was the best predictor of lung function.
Approximately 80% of all children in Oslo aged 3–6 years
attend a day care centre. The willingness to participate in our
study was unusually high, and about 80% of the eligible children were present in the day care centres on the days the lung
function measurements took place. Most of the absenteeism
was accounted for by part time day care attendance and some
children were absent because of illness or other activities outside the day care centre. In all, the children included in the
present study should be reasonably representative of all
children of a similar age.
The quality of lung function measurements depends on the
quality of the equipment and the testing procedure. The tech-

nicians were trained to follow carefully the standardised technique of recording FEV1 and FVC to reach maximum validity
and minimum variability in these recordings. The present
testing procedure followed the standardised guidelines of the
ERS with regard to equipment, manoeuvres and measurements, as well as acceptability and reproducibility criteria.3
FEV1 and FVC were chosen as the main parameters since these
variables are the most widely used measures of ventilatory
function, and FEV1 is the most reproducible pulmonary function variable.2–4 The strengths of the present study are
consequently that the results were based on tests made with
well defined equipment that meets satisfactory demands
regarding accuracy and applicability. The children also
received instructions and encouragement from two well
trained technicians with a lot of experience in lung function
measurements in children and adolescents.
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Table 5 Predictors of lung function parameters given as the results of adjusted linear
regression analyses Y = β0 + β1 h + β2 w + β3 a + β4 m + β5 b, where h = height (cm),
w = weight (kg), a = age (months), m = an indicator of three acceptable manoeuvres.
and b = an indicator of a boy. Y is one of the lung volume measures FEV05, FEV1, FVC
and PEF.
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aged 4–6 years. However, in children below 4 years of age there
were problems with their attention span and cooperation, and
the measurements were less reproducible. Our data corroborate the suggestion that an adaptation of the criteria to include
children with a 10% difference between the highest and
second highest measurement in population based studies
could be required.17 19 23
Another possible recommendation regarding lung function
testing in preschool children is to include the use of FEV0.5 as a
variable to take into account the fact that a proportion of preschool children empty their lungs in 1 second or less.17 24 This
variable had the highest acceptability and reproducibility in
the present study. The maximum validity and minimum variability in this recording needs to be further examined.
Much effort has been made to describe the level and development of lung function throughout life. Data on levels of
lung function by age are available for children down to 6 years
of age.5 Gold et al have estimated the annual increase in the
level of lung function by age from 6 to 16 years in US
children.25 Our results indicate a linear relation between the
level of lung function and age in children aged 3–6 years. The
study by Eigen et al10 in 184 healthy US children aged 3–7 years
found that all lung function parameters increased with
increasing height. In contrast, the results of our study did not
show a better fit by log transforming the lung function
parameters and height. However, the estimates from our log
transformed analyses were similar to those of Eigen et al. A
comparison of the predicted values of FEV1 and FVC by height
using the equations of the present study with the values predicted by Eigen et al showed good agreement (fig 3). Another
recent small study showed very similar results using another
computer animated system.26
In line with other studies, we found that standing height is
a satisfactory predictor of lung function. However, we also
found that inclusion of age, weight, and sex in the model
yielded some information. This is partly due to our large sample size. In contrast to the commonly used reference standards
such as those of Polgar and Promadhat,13 Zapletal et al,14 and
Knudson et al,15 our study included a large proportion of children under 6 years of age and shorter than 115 cm. Ideally, the
rate of change in lung function should be estimated from longitudinal studies. Adequate studies to describe the development of lung function in healthy children throughout infancy
and the preschool years, or to provide adequate reference data
to define abnormality, are still needed.
Thee results of spirometric tests in preschool children using
an animation programme are encouraging. Most FVC
manoeuvres of children older than 3 years are acceptable and
reproducible. Spirometry seems to be feasible in preschool
children and potentially useful for both clinical practice and
research. This study may fill the deficiency in reference values
for European children of preschool age.
.....................
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