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Background: Data are lacking from general population studies on how to define changes in
lung function after bronchodilation. This study aimed to analyze different measures of bronchodilator response of forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC)
and slow vital capacity (SVC).
Materials and methods: Data were derived from the Swedish Cardiopulmonary Bioimage
Study (SCAPIS) Pilot study. This analysis comprised 1,050 participants aged 50–64 years
from the general population. Participants were investigated using a questionnaire, and FEV1,
FVC and SVC were recorded before and 15 minutes after inhalation of 400 µg of salbutamol.
A bronchodilator response was defined as the relative change from baseline value expressed
as the difference in units of percent predicted normal. Predictors of bronchodilator responses
were assessed using multiple linear regression models. Airway obstruction was defined as
FEV1/FVC ratio below lower limit of normal (LLN) before bronchodilation, and COPD was
defined as an FEV1/FVC ratio below LLN after bronchodilation. Physician-diagnosed asthma
was defined as an affirmative answer to “Have you ever had asthma diagnosed by a physician?”.
Asymptomatic never-smokers were defined as those not reporting physician-diagnosed asthma,
physician-diagnosed COPD or emphysema, current wheeze or chronic bronchitis and being a
lifelong never-smoker.
Results: Among all subjects, the greatest bronchodilator responses (FEV1, FVC and SVC) were
found in subjects with asthma or COPD. The upper 95th percentile of bronchodilator responses
in asymptomatic never-smokers was 8.7% for FEV1, 4.2% for FVC and 5.0% for SVC. The
bronchodilator responses were similar between men and women. In a multiple linear regression
model comprising all asymptomatic never-smokers, the bronchodilator response of FEV1 was
significantly associated with airway obstruction and height.
Conclusion: When the bronchodilator response in asymptomatic never-smokers is reported
as the difference in units of predicted normal, significant reversibility of FEV1, FVC and SVC
to bronchodilators is ~9%, 4% and 5%, respectively.
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Measurement of the bronchodilator response of forced expiratory volume in 1 second
(FEV1) is an important method in clinical respiratory medicine. This measurement is
used to predict the response to bronchodilator treatment and is part of the diagnosis
of COPD and asthma. The bronchodilator response of forced vital capacity (FVC)
has less clinical use than the bronchodilator response of FEV1 but may add important
clinical physiological information.1
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Normality for a majority of lung function outcomes is
based on their distribution in healthy subpopulations. Therefore, the normal range will comprise 95% of a normal healthy
population. However, the normal range of the bronchodilator
response has often been based on data from selected populations of patients with asthma or COPD.2–4
Bronchodilator response can be expressed as the relative
change from baseline value expressed as a percentage or as
the difference in percent predicted (after bronchodilation −
before bronchodilation) expressed as a percentage.5 Lorber
et al6 first focused on the bronchodilator response in the
general population. Based on a healthy subpopulation, they
proposed a relative change from baseline in FEV1 of 7.7% as
a significant bronchodilator response. They also noted that
a low baseline FEV1 was predictive for the bronchodilator
response. Similar results have been published from Canada
and Finland.7,8 The Burden of Obstructive Lung Disease
(BOLD) study showed that the upper 95th percentile for the
relative change from baseline was 12.5% for FEV1 for 3,922
healthy non-smokers.9 In the BOLD study, the upper 95th
percentile for the difference expressed as a percentage of the
predictive values was 10.1% for FEV1, and the BOLD group
recommends that the threshold should be expressed as 10%
change (percentage) of predicted.10
In clinical practice, patients sometimes show an isolated
increase in FVC upon bronchodilation. A proposed mechanism for this finding is that deep inhalations reduce the
caliber of the airways.2,11 Among patients with COPD, vital
capacity (VC) responders have a greater degree of airway
obstruction, but a similar degree of emphysema, compared
with FEV1 responders.1 For FVC, the evidence from general
population-based studies is weaker, and the results are less
consistent.6,12 The BOLD study showed that the upper 95th
percentile was 11.2% for a relative change from baseline of
FVC in healthy non-smokers.9 The upper 95th percentile
for the difference expressed in predictive values was 9.6%
for FVC. In the BOLD study, the positive predictors of
bronchodilator response for FVC were age, male sex, diagnosed asthma, use of asthma drugs and ever smoking.10 When
an FVC procedure is performed, higher dynamic compression may result in airway collapse and air trapping.13 This
phenomenon is considered to be most pronounced in subjects
with airflow obstruction but can be overcome by performing
SVC maneuvers. To the best of our knowledge, no studies
have investigated the bronchodilator response for SVC in
the general population. A small study on 33 patients showed
that the bronchodilator response was greater for FVC than
for SVC.13

974

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

A large general population-based study (Swedish Cardiopulmonary Bioimage Study [SCAPIS]) has been initiated
in Sweden with the overall aim of extensively phenotyping
a cohort of 30,000 individuals aged 50–64 years and using
the acquired information to improve risk stratification and to
optimize conditions to characterize the mechanisms behind
COPD and different cardiovascular diseases.14 The field
phase of the SCAPIS is ongoing, and the plan is to complete
the field study in 2019. During the planning of the SCAPIS,
a small pilot study called the SCAPIS Pilot Study was conducted, and the present study is based on the pilot study. The
main study, SCAPIS, and the SCAPIS Pilot have similar
protocols, but one important difference is that the SCAPIS
Pilot protocol comprises dynamic spirometry before and after
bronchodilation. The main study (SCAPIS) comprises only
dynamic spirometry after bronchodilation.
This study aimed to analyze and compare different measures of bronchodilator responses of FEV1, FVC and SVC
in the general population aged 50–64 years.

Materials and methods
This analysis is performed using the SCAPIS Pilot.14,15 The
study population comprises a general population sample
comprising subjects aged 50–64 years. Of the 2,243 invited
participants, 1,111 participated in the field study. All
participants in the SCAPIS Pilot completed a respiratory
questionnaire, including items of respiratory symptoms,
physician-diagnosed asthma and smoking habits.15
Dynamic spirometry was performed using a nose clamp
and with the subject in the sitting position. The spirometry
included FEV1, FVC and SVC, using a Jaeger Master Screen
PFT (Hoechberg, Germany).16 SVC was measured before
FVC and FEV1. There were at least three and a maximum
of eight attempts, stopping when two reproducible measurements were obtained. The spirometry was performed before
and 15 minutes after bronchodilation. The bronchodilation
was inhalation of 400 µg of salbutamol. Predicted values
of FEV1 and FVC were assessed using recently published
Swedish reference equations, and predicted values of SVC
were based on Swedish reference material with reference
equations for SVC.17,18

Definitions
Airway obstruction before bronchodilation (AOPREDIL) was
defined as an FEV1/FVC ratio below the lower limit of normal
(LLN) before bronchodilation.
COPD was defined as an FEV1/FVC ratio below LLN
after bronchodilation.2,19
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We used three measures of bronchodilator response,
ie, the difference between the results after bronchodilation
minus the baseline results before bronchodilation for each
of FEV1, FVC and SVC.2 Thus, the bronchodilator response
is expressed in the three following ways:
1. In absolute terms, the baseline values were measured
(ΔFEV1, ΔFVC and ΔSVC) and expressed in mL.
2. As a percentage on the baseline values (%ΔFEV 1,
%ΔFVC and %ΔSVC).
3. In units of percent predicted normal, ie, percent predicted
normal after bronchodilation minus percent predicted
normal before bronchodilation (%ΔFEV1p, %ΔFVCp
and %ΔSVCp). With this measure, an increase in FEV1p
from 70% predicted to 77% predicted will result in a
%ΔFEV1p of 7%.
Body mass index (BMI) was defined as measured
weight/height2 (kg/m2).
The following questionnaire-based definitions were used:
Physician-diagnosed asthma was defined as an affirmative answer to “Have you ever had asthma diagnosed by a
physician?”.20
Physician-diagnosed COPD or emphysema was defined
as an affirmative answer to “Have you ever had COPD or
emphysema diagnosed by a physician?”.21
Chronic bronchitis was defined as an affirmative answer
to “Have you had longstanding cough with phlegm? and If
so, did any period last at least three months? and If so have
you had such periods at least two years in a row?”.22
Current wheeze was defined as an affirmative answer to
“Have you had wheezing or whistling in your chest during
the last 12 months?”
Diabetes was defined as an affirmative answer to “Have
you ever been told by a physician or another health professional that you have diabetes?”.23
Current use of respiratory medications was based on
reported use of drugs for asthma or COPD (inhalers and
tablets).
Smoking habits were defined as current smoking, former
smoking or never-smoking. Never-smoking was defined as
an affirmative answer to “I have never smoked”. Former
smoking was defined as an affirmative answer to “I have
stopped smoking”. Current smoking was defined as affirmative answers to “I smoke regularly” or “I smoke sometimes”
and those who have stopped smoking in the last year.
Asymptomatic never-smokers were defined as those not
reporting physician-diagnosed asthma, physician-diagnosed
COPD or emphysema, current wheeze or chronic bronchitis
and being a lifelong never-smoker.
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The study was approved by the Umeå ethical board
(Dnr 2010-228-31M), and all participants provided written
informed consent for this study.

Statistics
All calculations were performed using SAS version 9.2
(SAS Institute, Cary, NC, USA). Categorical variables
were compared using the χ2-test to identify significant associations. A P-value ,0.05 was considered significant. The
distribution of the bronchodilator response was determined in
all subjects, as well as among subjects with COPD, physiciandiagnosed asthma and asymptomatic never-smokers. The
upper limit of normality was defined as the upper 95th
percentile, and 95% confidence limits were calculated
using a distribution-free method based on order statistics.24
Correlation coefficients, rs (Spearman), were analyzed for
pre-bronchodilatory values of FEV1 and different measures
of the bronchodilator response for FEV1 and FVC, and significance levels were tested.25 Bronchodilator responses were
finally assessed as mean values, median values or a cutoff
limit over the 95th percentile.
Predictors for bronchodilator response of FEV1, FVC
and SVC were examined using multiple linear regression
models. Initially, an a priori model comprising age, sex,
height, weight, smoking variables, physician-diagnosed
asthma and AOPREDIL was applied.

Results
In the clinical investigations, 61 subjects were excluded
due to incomplete information about smoking habits or
spirometry. The final study population hence comprised
1,050 participants, and baseline characteristics including
sex, anthropometry, smoking and lung function are shown
in Table 1.
The mean values of bronchodilator responses for FEV1,
FVC and SVC are shown in Table 2. Among all subjects,
the mean ΔFEV1 was 118 mL (median 100 mL), ranging
from −470 mL to 1.7 L. The mean ΔFVC was 23 mL (median
0 mL) ranging from −980 to 910 mL. The mean ΔSVC was
6 mL (median 0 mL) ranging from −3.1 to 2.9 L. The highest
bronchodilator responses (FEV1, FVC and SVC) were observed
in subjects with physician-diagnosed asthma or COPD.
There was a significant correlation between prebronchodilatory FEV1 and %ΔFEV1 (rs=−0.22) and a weaker,
but significant, correlation between pre-bronchodilatory FEV1
and %ΔFEV1p (rs=−0.11) (Table 3). However, the correlation
between pre-bronchodilatory FEV1 and %ΔFEV1 was stronger
compared with that between pre-bronchodilatory FEV1 and
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International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/ by 85.228.200.17 on 02-May-2017
For personal use only.

Variables

Males (%)
Age (years)
Weight (kg)
Height (cm)
BMI (kg/m2)
Diabetes (%)
Current use of respiratory medications (%)
Current smokers (%)
Never-smokers (%)
Pre-bronchodilatory FEV1 (%pred)
Post-bronchodilatory FEV1 (%pred)
Pre-bronchodilatory FVC (%pred)
Post-bronchodilatory FVC (%pred)

All
n=1,050

Asymptomatic never-smokers
Females
n=183

Physician-diagnosed AOPREDIL
asthma
n=160
n=97

COPD
n=100

All
n=370

Males
n=187

50
57.3 (0.14)
80.5 (0.48)
171.6 (0.30)
27.3 (0.14)
5.1
2.8
17.8
42.7
96.2 (0.71)
99.9 (0.71)
100.0 (0.75)
100.5 (0.73)

50.5, 7
56.7 (0.23)
78.6 (0.73)
172.3 (0.52)
26.4 (0.201)
3.0
0
0
100
101.2 (1.1)
104.4 (1.2)
103.2 (1.2)
102.7 (1.3)

NA
56.7 (0.34)
86.4 (0.84)
179.6 (0.52)
26.8 (0.23)
3.7
0
0
100
103.6 (1.6)
106.8 (1.6)
106.1 (1.8)
105.9 (1.8)

NA
56.8 (0.32)
70.6 (0.88)
164.8 (0.49)
26.0 (0.32)
2.2
0
0
100
98.8 (1.6)
101.9 (1.6)
100.3 (1.8)
99.5 (1.7)

41.2
57.0 (0.44)
84.8 (1.8)
169.7 (0.96)
29.4 (0.57)
4.1
27.8
9.6
39.2
86.8 (2.3)
92.2 (2.3)
93.2 (2.3)
96.3 (2.3)

57.0
58.1 (0.43)
82.5 (1.8)
174.0 (1.0)
27.2 (0.54)
4.0
7.0
39.0
20.0
81.1 (2.5)
86.3 (2.5)
99.9 (2.7)
104.7 (2.7)

51.9
57.4 (0.35)
81.1 (1.3)
173.6 (0.79)
26.9 (0.39)
4.4
7.5
29.4
27.5
84.4 (1.9)
91.4 (2.0)
102.2 (2.2)
105.2 (2.1)

Note: Standard error in brackets.
Abbreviations: AOPREDIL, airway obstruction before bronchodilation; BMI, body mass index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity;
NA, not analyzed.

Table 2 Bronchodilator responses of FEV1, FVC and SVC for all subjects, asymptomatic never-smokers and subjects with COPD or
physician-diagnosed asthma
Variables

FEV1
ΔFEV1 (mL)
%ΔFEV1 (%)
%ΔFEV1p (%)
FVC
ΔFVC (mL)
%ΔFVC (%)
%ΔFVCp (%)
SVC
ΔSVC (mL)
%ΔSVC (%)
%ΔSVCp (%)

All
n=1,050

Men
n=525

Women
n=525

Asymptomatic
never-smokers
n=370

COPD
n=100

Physician-diagnosed
asthma
n=97

118 (152)
4.2 (5.9)
3.7 (4.7)

134 (173)
4.1 (5.7)
3.6 (4.7)

102 (126)
4.3 (6.0)
3.8 (4.7)

102 (140)
3.4 (4.6)
3.2 (4.2)

170 (177)
7.3 (7.6)
5.2 (5.4)

171 (168)
6.8 (7.6)
5.4 (5.1)

23 (170)
0.8 (4.6)
0.5 (4.1)

36 (189)
1.0 (4.4)
0.8 (3.9)

11 (149)
0.6 (4.8)
0.3 (4.2)

−19 (126)
−0.4 (3.1)
−0.5 (3.1)

209 (261)
6.0 (7.7)
4.8 (6.1)

127 (215)
3.8 (6.7)
3.1 (5.2)

6 (221)
0.3 (5.5)
0.2 (4.7)

10 (264)
0.4 (6.1)
0.2 (5.0)

2.2 (168)
0.2 (4.8)
0.1 (4.5)

−24 (175)
−0.5 (4.5)
−0.6 (4.0)

140 (199)
3.9 (5.2)
3.3 (4.5)

86 (168)
2.5 (4.6)
2.1 (3.9)

Note: Values are presented as mean and SD.
Abbreviations: FEV1, forced expiratory volume in 1 second; FEV1p, forced expiratory volume in one second expressed in percent predicted; FVC, forced vital capacity; FVCp,
forced vital capacity expressed in percent predicted; SVC, slow vital capacity; SVCp, slow vital capacity expressed in percent predicted; SD, standard deviation.

Table 3 Correlation coefficients between different measures of bronchodilator responses of FEV1 or FVC and pre-bronchodilatory
values of FEV1
Variables

All

ΔFEV1
%ΔFEV1
%ΔFEV1p
ΔFVC
%ΔFVC
%ΔFVCp
ΔSVC
%ΔSVC
%ΔSVCp

Males

Females

Asymptomatic
never-smokers

rs

P-value

rs

P-value

rs

P-value

rs

P-value

−0.05
−0.221
−0.11
−0.23
−0.26
−0.23
−0.19
−0.19
−0.19

0.13
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

−0.19
−0.331
−0.16
−0.35
−0.38
−0.34
−0.26
−0.26
−0.26

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

−0.09
−0.221
−0.07
−0.35
−0.37
−0.35
−0.25
−0.25
−0.25

,0.05
,0.001
NS
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

−0.04
−0.211
−0.11
−0.12
−0.08
−0.11
−0.10
−0.06
−0.07

NS
,0.001
,0.01
,0.05
NS
,0.05
NS
NS
NS

Note: 1P,0.05 for %ΔFEV1 vs %ΔFEV1p.
Abbreviations: FEV1, forced expiratory volume in 1 second; FEV1p, forced expiratory volume in one second expressed in percent predicted; FVC, forced vital capacity; FVCp,
forced vital capacity expressed in percent predicted; NS, non-significant; SVC, slow vital capacity; SVCP, slow vital capacity expressed in percent predicted.
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Table 4 Bronchodilator responses for FEV1, FVC and SVC outlined as upper 95th percentiles with 95% CIs
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Variables

All
n=1,050

Asymptomatic never-smokers
n=370
Males
n=187

FEV1
ΔFEV1 .95th percentile (mL)
%ΔFEV1 .95th percentile (%)
%ΔFEV1p .95th percentile (% predicted)
FVC
ΔFVC .95th percentile (mL)
%ΔFVC .95th percentile (%)
%ΔFVCp .95th percentile (% predicted)
SVC
ΔSVC .95th percentile (mL)
%ΔSVC .95th percentile (%)
%ΔSVCp .95th percentile (% predicted)

Females
n=183

COPD
n=100

Physiciandiagnosed
asthma
n=97

All
n=370

370 (340–400)
350 (300–480) 230 (220–310) 300 (240–380) 445 (390–780)
490 (430–640)
13.2 (12.2–14.4) 10.3 (8.5–13.1) 9.4 (8.0–16.2) 10.1 (8.5–11.8) 23.0 (16.6–27.0) 24.9 (16.8–29.8)
10.5 (10.1–11.8) 9.6 (7.8–12.3) 8.5 (7.9–10.4) 8.7 (8.0–10.5) 12.9 (12.0–23.6) 14.5 (12.4–18.7)
330 (290–380)
8.9 (7.7–10.6)
7.6 (6.8–8.7)

200 (170–380)
4.4 (3.8–7.9)
4.5 (3.6–7.5)

120 (100–210) 180 (160–280)
4.6 (3.2–6.7)
4.5 (3.9–6.3)
3.7 (3.0–5.8)
4.2 (3.6–5.7)

740 (580–910)
620 (430–800)
23.6 (14.8–30.5) 16.7 (12.7–28.7)
15.3 (13.2–24.2) 13.2 (11.8–21.3)

280 (260–310)
7.2 (6.3–8.2)
6.5 (5.8–7.3)

260 (210–410)
5.6 (4.2–9.3)
5.2 (3.8–7.4)

190 (160–280) 240 (200–290)
5.5 (4.5–9.3)
5.6 (4.5–8.2)
4.8 (4.1–7.6)
5.0 (4.3–6.6)

550 (410–680)
400 (290–680)
13.4 (10.3–23.2) 9.7 (8.1–23.2)
10.8 (6.8–18.8) 7.8 (7.0–18.9)

Abbreviations: FEV1, forced expiratory volume in 1 second; FEV1p, forced expiratory volume in one second expressed in percent predicted; FVC, forced vital capacity; FVCp,
forced vital capacity expressed in percent predicted; SVC, slow vital capacity; SVCP, slow vital capacity expressed in percent predicted; CI, confidence interval.

%ΔFEV1p, and this difference was significant (P,0.05). The
correlation between pre-bronchodilatory FEV1 and the absolute
change, ΔFEV1, was lower and not significant (Table 3).
In Table 4, bronchodilator responses are expressed as
the upper 95th percentiles for FEV1, FVC and SVC, respectively. When the bronchodilator responses were examined
in asymptomatic never-smokers, the upper 95th percentiles
of %ΔFEV1 were 10.1% (95% confidence interval [95%
CI] 8.5–11.8), for %ΔFVC 4.5% (95% CI 3.9–6.3) and
for %ΔSVC 5.6% (95% CI 4.3–8.2). When the upper 95th
percentiles of the bronchodilator responses were outlined in
units of percent of predicted normal, the responses were of
the same magnitudes. The bronchodilator responses were
similar between men and women.
In multiple linear regression models comprising all
subjects (n=1,050) (Table 5), %ΔFEV1 was negatively

associated with height and positively associated with weight,
physician-diagnosed asthma and airway obstruction. The
predictors for the bronchodilator responses of FVC or SVC
were slightly different, but airway obstruction was related
also to the bronchodilator response of both FVC and SVC.
In multiple linear regression models comprising all
asymptomatic never-smokers (n=370) (Table 6), bronchodilator responses of FEV1, expressed as %ΔFEV1, were
significantly associated only with airway obstruction. When
reversibility of FEV1 was expressed as %ΔFEV1p, the significant associations with airway obstruction remained.

Discussion
The main results of this study were that bronchodilator
reversibility expressed as the difference between predicted
values (percentage predicted) in a population-based cohort

Table 5 Exploratory analyses using multiple linear regression models regarding predictors for bronchodilator responses expressed
as %ΔFEV1, %ΔFVC and %ΔSVC among 1,050 subjects in a general population study
Variables
Intercept
Age (years)
Height (cm)
Weight (kg)
Sex1
Current smoking2
Ex-smoking2
AOPREDIL
Physician-diagnosed asthma

%ΔFEV1

%ΔFVC

%ΔSVC

Estimate

P-value

Estimate

P-value

Estimate

P-value

13.2
0.02
−0.08
0.02
0.5
−0.1
0.2
5.9
1.8

,0.05
NS
,0.05
,0.05
NS
NS
NS
,0.001
,0.05

7.6
0.05
−0.08
0.02
1.2
1.5
0.6
3.3
2.7

,0.05
NS
,0.05
,0.05
,0.05
,0.05
NS
,0.05
,0.05

5.5
0.04
−0.06
0.02
0.6
0.9
0.5
2.5
3.1

NS
NS
,0.05
NS
NS
NS
NS
,0.05
,0.05

Notes: 1Males =1, females =0. 2Yes =1, no =0.
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; SVC, slow vital capacity; NS, non-significant; AOPREDIL, airway obstruction before
bronchodilation.
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Table 6 Exploratory analyses using multiple linear regression
models regarding predictors for reversibility expressed as
%ΔFEV1 and %ΔFEV1p among 370 asymptomatic never-smokers
from a general population study
Variables
Intercept
Age (years)
Height (cm)
Weight (kg)
Sex1
AOPREDIL

%ΔFEV1p

Estimate

P-value

Estimate

P-value

7.5
0.06
−0.05
0.02
0.6
4.1

NS
NS
NS
NS
NS
,0.05

−6.4
0.06
0.03
0.01
−0.6
3.0

NS
NS
NS
NS
NS
,0.05

Note: 1Males =1, females =0.
Abbreviations: FEV1, forced expiratory volume in 1 second; NS, non-significant;
AOPREDIL, airway obstruction before bronchodilation.

aged 50–64 years was 8.7% for FEV1, 4.2% for FVC and
5.0% for SVC. The results regarding FEV1 are consistent
with the findings in BOLD, but our results regarding FVC
indicate a lower bronchodilator response for FVC.9 For SVC,
our results are novel.
In our regression models including the total population,
the factors that were significantly associated with flow
responding (%ΔFEV1) in the total population were airway
obstruction, height, weight and physician-diagnosed asthma.
We did not observe any significant effects of smoking
or sex. Unsurprisingly, airway obstruction defined as the
ratio of FEV1/FVC below LLN before bronchodilation was
associated with bronchodilator response of FEV1. It reflects
the strong relation to low pre-bronchodilatory FEV1. We also
tested regression models without including airway obstruction before bronchodilation with similar results, ie, resulting
in significant associations with height, weight and physiciandiagnosed asthma. In regression models, VC responding
(%ΔFVC) was associated with airway obstruction before
bronchodilation, as well as physician-diagnosed asthma.
Current smokers had increased bronchodilator response of
FVC but no association with bronchodilator response of
FEV1 or SVC.
When the bronchodilator response values for FEV1 and
FVC were outlined as the upper 95th percentiles in asymptomatic never-smokers, they were similar to those shown
in the BOLD study.9 Our study suggests a 95th percentile
threshold of 10.1% for relative change from baseline in FEV1
and a threshold of 8.7% for reversibility of FEV1 assessed
as change in predicted values. The BOLD study reported
12.5% and 10.1%, respectively. It should be noted that we
used 400 µg of salbutamol as recommended by GOLD, in
contrast to the BOLD study, in which 200 µg of salbutamol
was employed.9,19 The bronchodilator response for FVC
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assessed as change in predicted values was lower in our study,
4.2%, compared to the BOLD results, 9.6%.
There is still controversy whether the bronchodilator
response should be expressed as a relative change from the
baseline value or as a change in percentages of the predicted
value. However, a low baseline FEV1 increases the probability of a subsequent improvement, especially if it is expressed
as a relative change.7,26 Therefore, the bronchodilator response
has been recommended to be reported as a change expressed
as percent predicted.5 However, the joint American Thoracic
Society-European Respiratory Society (ATS-ERS) guidelines
suggested the use of a 12 percentage point change of the
baseline values and .200 mL.2 The ATS-ERS-suggested
recommendations were based on studies of short-term variation in patients and were not based on general population data.
We believe that our results support the recommendations by
Quanjer et al,5 ie, expressing the difference in units of percent
predicted normal. There are two reasons: first, because we
found that pre-bronchodilatory FEV1 was significantly more
correlated with %ΔFEV1 than with %ΔFEV1p. Second, in
our regression models of asymptomatic never-smokers, the
importance of airway obstruction decreased when expressing bronchodilator reversibility as the difference of percent
predicted and the influence of sex disappeared (Table 6).
The BOLD study also discussed this and reported that the
percentage change in FEV1, assessed as the predicted value,
was the most stable estimate.9 The authors concluded that a
10% increase in predicted FEV1 was required to determine
a significant bronchodilator response.9 Our data suggest a
threshold of 8.7% relative to predicted FEV1 based on inhalation of 400 µg of salbutamol.
Bronchodilator response is often used to separate between
asthma and COPD, but in most studies, the separation is
not clear-cut.27 In this study, the asthma definition is based
on self-report, and for the age span in our study, the items
about physician-diagnosed asthma are misclassified in
relation to COPD.28,29 This makes it difficult to draw any
firm conclusions about differentiation between asthma and
COPD, but still, our results indicate that the bronchodilator
response seems to be similar among subjects with COPD
and asthma.
We conclude that a 5% increase relative to predicted
FVC is the limit for determining a significant bronchodilator response of FVC. We also outlined 95th percentiles
for women and men, but there was no obvious difference
with regard to sex. The cutoff limits for the bronchodilator
response of SVC were slightly higher, with a 10.8% increase
relative to predicted baseline.

International Journal of COPD 2017:12

International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/ by 85.228.200.17 on 02-May-2017
For personal use only.

Dovepress

Limitations of this study are the small sample and the
narrow age interval of 50–64 years. Another limitation is the
low response rate, 50%, which may introduce non-response
bias in relation to smoking habits and male sex.30 However,
this has mainly been observed in younger subjects. Therefore,
we consider that our results are valid despite the low response
rate. Another limitation is the lack of assessment of reproducibility, which has not been investigated in our study.

Conclusion
We conclude that bronchodilator responses preferably should
be assessed in units of predicted normal values, ie, the difference between the predicted normal value after bronchodilation minus the corresponding value before bronchodilation.
Accordingly, bronchodilator responses of FEV 1 =9%,
FVC =4% and SVC =6% are suggested to be significant.
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