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Introduction 

Flow-volume spirometry is a reproducible and reliable
method for assessing lung function. The bronchodila-
tion test is used to detect reversible airways obstruc-
tion, considered to be important for diagnosing
asthma1,2. In clinical practice, the criterion for a signif-
icant spirometric bronchodilation response in adults is
recommended to be an increase in 1-second forced

expiratory volume (FEV1) of 12% and 200 mL from
baseline3,4.

The change in FEV1 (�FEV1) in response to bron-
chodilation can be influenced by many factors, in-
cluding the bronchodilation medication, its mode of
delivery, and the type of spirometer used5,6. FEV1 has
been shown to be the best variable for determining the
response to bronchodilation in terms of statistical power
and reproducibility, but it is dependent on the baseline
FEV1 at the population level6. Some previous reports
have documented smaller bronchodilation responses in
older people and an effect of sex on the response7,8. 
A low baseline ratio of FEV1 to forced vital capacity
(FVC), or FEV1:FVC ratio, also reflects airflow limitations
and is another determinant of the change in FEV1 in
response to bronchodilation9.
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SUMMARY

Background: The bronchodilation test is used to detect reversible airways obstruction, considered important
for diagnosing asthma. However, little is known about the effects of age on the bronchodilation response. The
aim of this study was to evaluate the effects of age on the bronchodilation response by determining changes in
the 1-second forced expiratory volume (FEV1) in a Chinese population.
Methods: All patients underwent pulmonary function testing to evaluate forced vital capacity, peak expiratory
flow, and FEV1. We assessed bronchodilation by measuring the change in FEV1 (�FEV1) before and after inhala-
tion of 0.4 mg of fenoterol (two puffs) delivered by a metered-dose inhaler with a spacer.
Results: Of the 1,616 patients tested in the clinic, the 333 (21%) who had a positive bronchodilator test, defined
as �FEV1 > 12% and 200 mL, were enrolled in the study. For this population, the �FEV1 was +360.8 ± 138.6 mL
(mean ± standard deviation) or +21.0% ± 9.1%. In a multiple linear regression model, the absolute �FEV1

(expressed in milliliters) was independently and negatively predicted by age (p < 0.001), and baseline peak expi-
ratory flow (p < 0.001), but positively predicted by height (p < 0.001).
Conclusion: Age was an important determinant for response to bronchodilation as determined by the absolute
change in FEV1. [International Journal of Gerontology 2009; 3(3): 149–155]
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Numerous studies on bronchodilation responses
have been published in patients with obstructive venti-
latory defects in selected or non-selected popula-
tions7–10. Some studies involved asthmatic population
samples with reversible obstructive airways, but the
concurrent changes in baseline lung function have not
been reported in aged populations7,8. Furthermore,
South Asian populations have a smaller FEV1 and �FEV1

by volume and, therefore, are more likely to be classi-
fied as having an equivocal response. The aim of this
study was to evaluate the effects of age on the distri-
bution and range of the changes in FEV1 in response to
bronchodilation in a group of Chinese patients who
had a positive bronchodilator test.

Materials and Methods

Subjects and study design
A total of 1,616 patients underwent pulmonary function
measurements with bronchodilator testing in an out-
patient setting at a local teaching hospital in Taitung,
Taiwan, and a tertiary care medical center in Taipei
from January 2006 to December 2008. Patients were
excluded if they were < 18 years of age, had poor per-
formance on pulmonary function testing, or had a
peak expiratory flow (PEF) at < 40% of predicted.

All subjects who had a positive bronchodilator test
were included and categorized by age (< 30, 30–39,
40–49, 50–59, 60–69, and > 70 years of age).

Pulmonary function tests and bronchodilator test
Pulmonary function measurements were performed
according to the American Thoracic Society guide-
lines11,12. No bronchodilators, either β-adrenergic ago-
nists or theophylline, were administered within 8 hours
before the start of the study. All patients also under-
went spirometry and lung volume measurements
using either the nitrogen washout method (Vmax 22;
SensorMedics, Yorba Linda, CA, USA) at the Taitung
hospital, or a body plethysmograph (Vmax 22 and
Autobox 6200; SensorMedics) at the Taipei hospital.
Predicted and percent-predicted values were calcu-
lated for FEV1, FVC, and the FEV1:FVC ratio using the
reference values recommended by Knudson et al.13.

Bronchodilator reversibility tests were performed
using the largest FEV1 and FVC from the best of three
spirograms recorded on a single-breath bellows spirom-
eter11. All subjects then inhaled 0.4 mg (two puffs) of

fenoterol (Berotec; Boehringer Ingelheim, Ingelheim,
Germany) using a metered-dose inhaler (MDI) under
the guidance of a well-trained technician. Spirometry
was performed and repeated after a 15–20 minute
delay. A positive bronchodilator response was defined
as improvement of the FEV1 of > 12% and 200 mL over
baseline during a single testing session. Subjects with 
a positive bronchodilator response constituted our
study population.

Statistical analysis
All data are expressed as mean ± standard deviation.
Changes in FEV1 are expressed as absolute and percent
changes from baseline. Differences between groups
were analyzed as appropriate using the Pearson’s χ2

test for categorical variables. Bronchodilator response
variables (�FEV1, expressed in milliliters and as per-
centage) were assessed using multiple logistic regres-
sion analysis. Analysis of variance, followed by Fisher’s
protected least significant difference post hoc test, was
used to compare differences in continuous variables
among the different age groups. A p value < 0.05 was
considered statistically significant. Differences between
groups were tabulated and analyzed using SPSS version
12.0 (SPSS Inc., Chicago, IL, USA).

Results

Population sample
A total of 1,616 patients underwent pulmonary func-
tion measurements with bronchodilator testing during
the study period. Of these, the response to bronchodila-
tors was positive in 333 individuals, who thus consti-
tuted the study population; of these, 114 (34%) were
elderly (age, 60–86 years).

For the population, the mean change in FEV1 was
+360.8 ± 138.6 mL or 21.0% ± 9.1%; the mean change
in FEV1 for men was +385.8 ± 149.2 mL or 21.5% ±
9.9% and that for women was +326.8 ± 117.2 mL or
20.7% ± 8.3% (Table 1). Men had a significantly greater
absolute �FEV1 (p < 0.001), but the percentage of
�FEV1 (%�FEV1; p = 0.459) did not differ by sex 
(Table 1).

In a multiple linear regression model, the absolute
bronchodilator response (�FEV1, expressed in milli-
liters) was independently and negatively predicted 
by age (p < 0.001), weight (p = 0.030) and baseline PEF
(p<0.001), but positively predicted by height (p<0.001)
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and body mass index (p = 0.020; Table 2). However, the
percentage changes in FEV1 were negatively predicted
only by the baseline FEV1:FVC ratio (p = 0.023) and PEF
(p < 0.001; Table 3).

Trends in lung function by age category
At the baseline pulmonary function test, the elderly
patients had significantly smaller FEV1:FVC ratio
(p < 0.001), forced expiratory flow between 25% and
75% of FVC (FEF25–75%) as a percentage of predicted

(p = 0.001), and PEF as a percentage of predicted
(p < 0.001) than the younger population (Table 4).

Trends in bronchodilation response by age
After inhalation of the bronchodilator, the FEV1 in-
creased significantly over baseline in both groups
(Table 4). The absolute bronchodilator response
(�FEV1, expressed in milliliters) was independently
and negatively predicted by aging (p < 0.001; Table 4,
Figure 1). The elderly had an insignificantly greater

Table 1. Patient characteristics, baseline values, and bronchodilator responses in the study population of 333 participants
with a positive bronchodilator test*

Variables
Total Population sample

(n = 333) Men (n = 212) Women (n = 121) p

Age (yr) 53.3 ± 17.7 56.8 ± 17.9 47.2 ± 15.7 < 0.001

Height (cm) 162.0 ± 8.9 165.9 ± 7.9 155.2 ± 6.2 < 0.001

Weight (kg) 67.2 ± 13.4 69.7 ± 13.7 62.5 ± 11.2 < 0.001

BMI (kg/m2) 25.6 ± 4.8 25.3 ± 4.6 26.1 ± 5.1 0.145

FVC (% predicted) 81.8 ± 17.9 83.6 ± 20.0 78.8 ± 12.9 0.009

FEV1 (% predicted) 68.2 ± 16.6 68.7 ± 18.2 67.6 ± 13.3 0.508

FEV1/FVC 68.6 ± 10.7 66.5 ± 10.8 72.4 ± 9.7 < 0.001

FEF25–75% (% predicted) 43.9 ± 21.9 42.4 ± 21.6 47.0 ± 23.3 0.070

PEF (% predicted) 74.7 ± 19.6 71.6 ± 19.0 80.2 ± 19.9 < 0.001

Bronchodilation responses
�FEV1 (mL) 360.8 ± 138.6 385.8 ± 149.2 326.8 ± 117.2 < 0.001
�FEV1 (%) 21.0 ± 9.1 21.5 ± 9.9 20.7 ± 8.3 0.459

*Data are expressed as mean ± standard deviation. BMI = body mass index; FVC = forced vital capacity; FEV1 = 1-second forced expiratory vol-
ume; FEF25–75% = forced expiratory flow between 25% and 75% of forced vital capacity; PEF = peak expiratory flow; DFEV1 = change in 1-second
forced expiratory volume.

Table 2. Regression coefficients of bronchodilator response (change in 1-second forced expiratory volume, expressed in 
milliliters) for all participants (n = 333) in multiple regression models after adjustment for different variables

Variables Coefficient (SE) 95% CI p

Age (yr) –3.07 (0.49) –4.04 to –2.10 < 0.001
Height (cm) 13.95 (3.75) 6.57 to 21.34 < 0.001
Weight (kg) –9.40 (4.31) –17.88 to 0.93 0.030
BMI (kg/m2) 26.33 (11.26) 4.18 to 48.48 0.020
FVC (% predicted) 2.32 (1.97) –1.55 to 6.19 0.239
FEV1 (% predicted) –1.51 (2.41) –6.25 to 3.24 0.533
FEV1/FVC 0.29 (2.41) –4.45 to 5.03 0.896
FEF25–75% (% predicted) 0.65 (0.65) –0.63 to 1.93 0.319
PEF (% predicted) –1.11 (0.43) –1.94 to –0.27 < 0.001

SE = standard error; CI = confidence interval; BMI = body mass index; FVC = forced vital capacity; FEV1 = 1-second forced expiratory volume;
FEF25–75% = forced expiratory flow between 25% and 75% of forced vital capacity; PEF = peak expiratory flow.
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bronchodilation response in %�FEV1 (p = 0.052) com-
pared with the young population (Table 4, Figure 2).

Discussion

This study demonstrates that lung function and bron-
chodilation response were correlated with aging. The
elderly were short in height and had a significantly
smaller FEV1:FVC ratio, FEF25–75%, and PEF as a percent-
age of predicted than the young population. The bron-
chodilator response to inhaled fenoterol in the elderly
was significantly lower in volume of �FEV1 but slightly
increased in %�FEV1, compared with the young popu-
lation. This suggests that age is an important deter-
minant for absolute volume of FEV1 response to
bronchodilation.

Some investigators have suggested that spirometry,
and particularly assessment of the bronchodilator
response, is not uniformly sensitive for the diagnosis
of asthma, with sensitivities reportedly ranging from
82–93%, depending on the criteria used for a positive
response14,15. Our data suggests that some of the vari-
ability in response to inhaled β2-agonists can be
attributed to age, height, sex, and baseline FVC. So, for
example, we found that younger, taller patients who
had a larger baseline FVC had a relatively larger
improvement in the volume of FEV1, but a smaller
percentage improvement. Similarly, short, older Asian
women in our study had a smaller �FEV1 by volume
and, therefore, were more likely to be classified as hav-
ing an equivocal response. Asthma cannot be defini-
tively excluded in such cases.

We found that preexisting airflow limitation in terms
of decreased FEV1:FVC ratio and lung volume was the
strongest determinant for bronchodilation responses in
the reversible obstructive airway population. Although 
a larger absolute bronchodilation response was found
in men than in women, this phenomenon can be
explained by the more frequent findings of airflow
limitation (i.e., reduced FEV1:FVC ratio) and a larger
FVC in men16,17. In our participants, we observed a sig-
nificant negative correlation with age more clearly
with the absolute change in FEV1 and less so with the
relative change in FEV1. This can be partially attributed
to the aging-related reduction in FEV1:FVC ratio and
smaller lung volumes found in persons in older age
groups16,17. A weak negative correlation of age with
change in FEV1 might also be explained by the dimin-
ished coordination and greater fatigue common in
elderly patients, resulting more frequently in the
decreasing FEV1 found in bronchodilation test results.

PEF is a measure of maximal expiratory flow that is
used to assess qualitative and quantitative effort in
spirometry maneuvers18–20. FEV1 is a measurement of
volume in the first second of a spirometry maneuver2,4.
Both of these measurements have played an impor-
tant role in the identification and management of differ-
ent severities of asthma. FEV1 is commonly assumed to
be partly dependent on PEF on the basis of a high corre-
lation between PEF and FEV1

21,22. Hence, the maximal
expiratory work was related to the highest PEF, but the
highest PEF was not associated with the largest FEV1

23.
Previous studies have reported only a weak correlation
between PEF variability and FEV1 variability22,23. In our
data, there is a trend toward lower PEF and smaller FEV1

Table 3. Regression coefficients of bronchodilator response (change in 1-second forced expiratory volume, expressed as 
percentage) for all participants (n = 333) in multiple regression models after adjustment for different variables

Variables Coefficient (SE) 95% CI p

Age (yr) –0.03 (0.03) –0.09 to 0.04 0.399
Height (cm) 0.23 (0.25) –0.26 to 0.71 0.363
Weight (kg) –0.46 (0.28) –1.02 to 0.10 0.106
BMI (kg/m2) 1.36 (0.74) –0.10 to 2.81 0.068
FVC (% predicted) –0.13 (0.13) –0.39 to 0.12 0.300
FEV1 (% predicted) –0.02 (0.16) –0.33 to 0.29 0.889
FEV1/FVC –0.36 (0.16) –0.67 to –0.05 0.023
FEF25–75% (% predicted) 0.05 (0.04) –0.04 to 0.13 0.255
PEF (% predicted) –0.11 (0.03) –0.17 to –0.06 < 0.001

SE = standard error; CI = confidence interval; BMI = body mass index; FVC = forced vital capacity; FEV1 = 1-second forced expiratory volume;
FEF25–75% = forced expiratory flow between 25% and 75% of forced vital capacity; PEF = peak expiratory flow.



International Journal of Gerontology | September 2009 | Vol 3 | No 3 153

■ ■Bronchodilation and Aging

Ta
bl

e 
4.

D
em

og
ra

ph
ic

 a
nd

 c
lin

ic
al

 c
ha

ra
ct

er
is

ti
cs

 o
f

th
e 

st
ud

y 
pa

rt
ic

ip
an

ts
 (n

=
33

3)
 b

y 
ag

e* Ag
e

of
su

bj
ec

ts
 (y

r)

18
–2

9 
(n

=
44

)
30

–3
9 

(n
=

38
)

40
–4

9 
(n

=
47

)
50

–5
9 

(n
=

63
)

60
–6

9 
(n

=
67

)
70

–8
6 

(n
=

74
)

p

M
al

e 
to

 fe
m

al
e 

ra
ti

o
24

:2
0

19
:1

9
23

:2
4

32
:3

1
52

:1
5†

62
:1

2‡
<

0.
00

1
H

ei
gh

t (
cm

)
16

6.
9

±
9.

7
16

3.
0

±
9.

0†
16

3.
1

±
9.

0†
16

1.
0

±
9.

4‡
16

0.
4

±
7.

8‡
16

0.
3

±
8.

0‡
0.

00
1

W
ei

gh
t (

kg
)

64
.2

±
15

.7
68

.3
±

15
.3

70
.7

±
13

.9
†

70
.0

±
13

.4
†

66
.0

±
11

.1
64

.2
±

11
.1

0.
02

3
B

M
I (

kg
/m

2 )
22

.9
±

4.
6

25
.8

±
6.

1‡
26

.6
±

4.
9‡

27
.0

±
4.

6‡
25

.7
±

4.
0‡

25
.0

±
4.

3‡
<

0.
00

1
FV

C 
(%

 p
re

di
ct

ed
)

82
.7

±
11

.5
85

.2
±

13
.4

79
.4

±
11

.6
78

.2
±

16
.1

79
.5

±
17

.8
86

.6
±

25
.5

0.
04

7
FE

V 1
(%

 p
re

di
ct

ed
)

74
.3

±
10

.5
70

.2
±

15
.6

67
.3

±
12

.9
†

65
.3

±
13

.9
‡

66
.1

±
16

.2
‡

68
.9

±
22

.9
†

0.
08

4
FE

V 1
/F

VC
77

.5
±

7.
7

69
.7

±
10

.3
‡

70
.9

±
9.

5‡
68

.9
±

9.
7‡

67
.3

±
10

.9
‡

62
.4

±
10

.0
‡

<
0.

00
1

FE
F 2

5–
75

%
(%

 p
re

di
ct

ed
)

57
.1

±
17

.9
45

.7
±

20
.8

‡
45

.4
±

22
.6

‡
42

.0
±

20
.2

‡
41

.6
±

22
.6

‡
38

.7
±

24
.0

‡
0.

00
1

PE
F 

(%
 p

re
di

ct
ed

)
78

.5
±

15
.1

75
.8

±
18

.2
79

.9
±

18
.9

80
.3

±
21

.9
71

.6
±

19
.1

66
.7

±
19

.4
‡

<
0.

00
1

Br
on

ch
od

ila
to

r 
re

sp
on

se
s

�
FE

V 1
(m

L)
47

3.
9

±
14

9.
9

45
5.

0
±

15
8.

9
38

8.
1

±
13

8.
3‡

33
8.

6
±

12
0.

8‡
32

1.
6

±
14

.5
‡

29
8.

4
±

87
.1

‡
<

0.
00

1
�

FE
V 1

(%
)

17
.9

±
6.

7
21

.4
±

10
.5

20
.0

±
8.

9
20

.7
±

8.
5

22
.0

±
10

.5
†

23
.4

±
9.

6‡
0.

05
2

*D
at

a 
ar

e 
ex

pr
es

se
d 

as
 m

ea
n

±
st

an
da

rd
 d

ev
ia

ti
on

; † p
<

0.
05

 c
om

pa
re

d 
w

it
h 

th
e 

yo
un

ge
r 

gr
ou

p 
(1

8–
29

 y
ea

rs
); 

‡
p

<
0.

01
 c

om
pa

re
d 

w
it

h 
th

e 
yo

un
ge

r 
gr

ou
p 

(1
8–

29
 y

ea
rs

). 
B

M
I =

bo
dy

 m
as

s 
in

de
x;

 F
VC

 =
fo

rc
ed

vi
ta

l 
ca

pa
ci

ty
; 

FE
V 1

=
1-

se
co

nd
 f

or
ce

d 
ex

pi
ra

to
ry

 v
ol

um
e;

 F
EF

25
–7

5%
=

fo
rc

ed
 e

xp
ir

at
or

y 
flo

w
 b

et
w

ee
n 

25
%

 a
nd

 7
5%

 o
f

fo
rc

ed
 v

it
al

 c
ap

ac
it

y;
 P

EF
 =

pe
ak

 e
xp

ir
at

or
y 

flo
w

; 
D

FE
V 1

=
ch

an
ge

 i
n 

1-
se

co
nd

 f
or

ce
d 

ex
pi

ra
to

ry
 v

ol
um

e.



International Journal of Gerontology | September 2009 | Vol 3 | No 3154

■ ■C.L. Liu et al

in the elderly participants. However, after bronchodila-
tion, the percentages of �FEV1 or �PEF (data not shown)
were not correlated with aging. PEF is considered as an
expiratory effort, and it seemed to be negatively corre-
lated with aging. On the other hand, the percentage of
�PEF indicated a reversibility of obstructive airway, and
it seemed not to be related to aging.

Inhaled β-adrenergic bronchodilators are corner-
stones in the management of asthma2. MDI delivery
of these drugs has the advantage of convenience, ease
of administration, and rapid onset of action. However,
MDIs are not without their shortcomings. Many pa-
tients, particularly the very young and elderly, have dif-
ficulty coordinating inhaler actuation with inspiratory
effort24,25. Our research technicians were careful to
ensure that the study participants were using the MDI
correctly; therefore, caution must be used in generalizing

the results to patients who might have difficulty using
the correct technique.

A limitation of this study was variation in the time
between inhalation and the second spirometry. Our
second measurements were generally made 15–20
minutes after inhalation. The variations in time interval
might affect the values obtained for bronchodilation
response. However, we believe our data are robust
enough to demonstrate the essentially equivalent lung
function and bronchodilation responses with aging.

In conclusion, this study showed that age is an
important determinant for lung function and bron-
chodilation response. The elderly were shorter in height
and had a significantly smaller FEV1:FVC ratio and lower
PEF as a percentage of predicted values. The absolute
bronchodilator response (�FEV1, expressed in millilters)
was independently and negatively predicted by aging.

ΔF
EV

1 
(%

),
 m

en

18–2
9

30–3
9

40–4
9

50–5
9

60–6
9

70–8
6

Age group (yr)

12

14

16

18

20

22

24
∗

∗
A

ΔF
EV

1 
(%

),
 w

om
en

18–2
9

30–3
9

40–4
9

50–5
9

60–6
9

70–8
0

Age group (yr)

12

14

16

18

20

22

24
B

Figure 2. Increase in bronchodilation response (change in 1-second forced expiratory volume [�FEV1] as percentage) for: (A)
men and (B) women with age. Data are displayed as mean. *p < 0.05 compared with the younger group (18–29 years).

18–2
9

200

A B

Age group (yr) Age group (yr)

ΔF
EV

1 
(m

L)
, m

en

ΔF
EV

1 
(m

L)
, w

om
en

300

400

500

600

200

300

400

500

600

30–3
9

40–4
9

50–5
9

60–6
9

70–8
6

18–2
9

30–3
9

40–4
9

50–5
9

60–6
9

70–8
0

∗
∗ ∗ ∗

†

∗ ∗

Figure 1. Reduction in volume of bronchodilation response (change in 1-second forced expiratory volume [�FEV1], expressed
in millimeters) for: (A) men and (B) women with age. Data are displayed as mean ± standard deviation. *p < 0.01, †p < 0.05
compared with the younger group (18–29 years). 



International Journal of Gerontology | September 2009 | Vol 3 | No 3 155

■ ■Bronchodilation and Aging

Acknowledgments

The authors thank Mrs Hsueh-Erh Chen (Taitung) and
Mrs Yu-Hsiu Lin (Taipei) for performing the pulmonary
function tests.

References

1. Pellegrino R, Viegi G, Brusasco V, et al. Interpretative
strategies for lung function tests. Eur Respir J 2005; 26:
948–68.

2. Global Initiative for Asthma. Global Strategy for Asthma
Management and Prevention 2008 (update). http://
www.ginasthma.com [Date accessed: 26 March 2009]

3. American Thoracic Society. Standardization of spirome-
try, 1994 update. Am J Respir Crit Care Med 1995; 152:
1107–36.

4. Pauwels RA, Buist AS, Calverley PM, et al; GOLD Scientific
Committee. Global strategy for the diagnosis, manage-
ment and prevention of chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2001; 163: 1256–76.

5. Newman SP, Weisz AW, Talaee N, et al. Improvement of
drug delivery with a breath actuated pressurized aerosol
for patients with poor inhaler technique. Thorax 1991;
46: 712–6.

6. Barry PW, O’Callaghan C. Inhalational drug delivery from
seven different spacer devices. Thorax 1996; 51: 835–40.

7. Dompeling E, van Schayck CP, Molema J, et al. A compar-
ison of six different ways of expressing the bronchodi-
lating response in asthma and COPD; reproducibility
and dependence of prebronchodilator FEV1. Eur Respir J
1992; 5: 975–81.

8. Dales RE, Spitzer WO, Tousignant P, et al. Clinical interpre-
tation of airway response to a bronchodilator: Epidemio-
logic considerations. Am Rev Respir Dis 1988; 138:
317–20.

9. Kainu A, Lindqvist A, Sarna S, et al. FEV1 response to bron-
chodilation in an adult urban population. Chest 2008;
134: 387–93.

10. Anthonisen NR, Lindgren PG, Tashkin DP, et al. Bron-
chodilator response in the lung health study over 
11 yrs. Eur Respir J 2005; 26: 45–51.

11. American Thoracic Society. Standardization of spirome-
try, 1994 update. Am J Respir Crit Care Med 1995; 152:
1107–36.

12. American Thoracic Society. Lung function testing: selec-
tion of reference values and interpretive strategies. 
Am Rev Respir Dis 1991; 144: 1202–18.

13. Knudson RJ, Lebowitz MD, Holberg CJ, et al. Changes in
the normal maximal expiratory flow-volume curve with
growth and aging. Am Rev Respir Dis 1983; 127:
725–34.

14. Appleton SL, Adams RJ, Wilson DH, et al. Spirometric cri-
teria for asthma: adding further evidence to the debate.
J Allergy Clin Immunol 2005; 116: 976–82.

15. Lehmann S, Bakke PS, Eide GE, et al. Bronchodilator
response to adrenergic β2-agonists: relationship to symp-
toms in an adult community. Respir Med 2007; 101:
1183–90.

16. Lehmann S, Bakke PS, Eide GE, et al. Bronchodilator
reversibility testing in an adult general population; the
importance of smoking and anthropometrical variables
on the response to a β2-agonist. Pulm Pharmacol Ther
2006; 19: 272–80.

17. Johannessen A, Lehmann S, Omenaas ER, et al. Post-
bronchodilator spirometry reference values in adults
and implications for disease management. Am J Respir
Crit Care Med 2006; 173: 1316–25.

18. Practice parameters for the diagnosis and treatment of
asthma. Joint Task Force on Practice Parameters, repre-
senting the American Academy of Allergy Asthma and
Immunology, the American College of Allergy, Asthma
and Immunology, and the Joint Council of Allergy,
Asthma and Immunology. J Allergy Clin Immunol 1995;
96: 707–870.

19. British Thoracic Society. The British guidelines on asthma
management: 1995 review and position statement.
Thorax 1997; 52 (Suppl 1): S1–21.

20. Gibson PG. Monitoring the patient with asthma: an 
evidence-based approach. J Allergy Clin Immunol 2000;
106: 17–26.

21. Rosenblatt G, Alkalay I, McCann PD, et al. The correlation
of peak flow rate with maximal expiratory flow rate,
one-second forced expiratory volume, and maximal
breathing capacity. Am Rev Respir Dis 1963; 87: 589–91.

22. Hegewald MJ, Lefor MJ, Jensen RL, et al. Peak expiratory
flow is not a quality indicator for spirometry: peak expi-
ratory flow variability and FEV1 are poorly correlated 
in an elderly population. Chest 2007; 131: 1494–9.

23. Krowka MJ, Enright PL, Rodarte JR, et al. Effect of effort
on measurement of forced expiratory volume in one
second. Am Rev Respir Dis 1987; 136: 829–33.

24. Crompton GK. Problems patients have using pressur-
ized aerosol inhalers. Eur J Respir Dis Suppl 1982; 119:
101–4.

25. Lee HS. Proper aerosol inhalation technique for deliv-
ery of asthma medications. Clin Pediatr (Phila) 1983;
22: 440–3.


