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Background: Spirometric diagnosis of chronic obstructive pulmonary disease (COPD) is
based on the ratio of forced expiratory volume in 1 second (FEV1)/vital capacity (VC), either
as a fixed value ,0.7 or below the lower limit of normal (LLN). Forced vital capacity (FVC) is
a proxy for VC. The first aim was to compare the use of FVC and VC, assessed as the highest
value of FVC or slow vital capacity (SVC), when assessing the FEV1/VC ratio in a general
population setting. The second aim was to evaluate the characteristics of subjects with COPD
who obtained a higher SVC than FVC.
Methods: Subjects (n=1,050) aged 50–64 years were investigated with FEV1, FVC, and SVC
after bronchodilation. Global Initiative for Chronic Obstructive Lung Disease (GOLD) COPDFVC
was defined as FEV1/FVC ,0.7, GOLDCOPDVC as FEV1/VC ,0.7 using the maximum value
of FVC or SVC, LLNCOPDFVC as FEV1/FVC below the LLN, and LLNCOPDVC as FEV1/VC
below the LLN using the maximum value of FVC or SVC.
Results: Prevalence of GOLDCOPDFVC was 10.0% (95% confidence interval [CI] 8.2–12.0) and
the prevalence of LLNCOPDFVC was 9.5% (95% CI 7.8–11.4). When estimates were based on
VC, the prevalence became higher; 16.4% (95% CI 14.3–18.9) and 15.6% (95% CI 13.5–17.9)
for GOLDCOPDVC and LLNCOPDVC, respectively. The group of additional subjects classified
as having COPD based on VC, had lower FEV1, more wheeze and higher residual volume
compared to subjects without any COPD.
Conclusion: The prevalence of COPD was significantly higher when the ratio FEV1/VC was
calculated using the highest value of SVC or FVC compared with using FVC only. Subjects
classified as having COPD when using the VC concept were more obstructive and with indications of air trapping. Hence, the use of only FVC when assessing airflow limitation may result
in a considerable under diagnosis of subjects with mild COPD.
Keywords: obstructive, epidemiology, general population, air trapping, spirometry, slow vital
capacity, asthma

Introduction
Spirometry after bronchodilation is crucial in assessing the presence of airway
obstruction, which is necessary for the diagnosis of chronic obstructive pulmonary
disease (COPD).1 Chronic airway obstruction is mostly assessed using the ratio of
forced expiratory volume in 1 second (FEV1)/forced vital capacity (FVC) ,0.7. In
this ratio, FVC is used as a substitute for vital capacity (VC). An often overlooked
problem is whether FVC can be used as an appropriate approximation of VC. VC is
obtained by using the maximum value of either FVC or slow vital capacity (SVC). In
the European Respiratory Society (ERS) statement from 1995, the recommendation
is to use the maximum value of either FVC or SVC as an estimate of VC,2 and this
was kept in the joint American Thoracic Society (ATS)/ERS Task Force report.3 The
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most recent Global Initiative for Chronic Obstructive Lung
Disease (GOLD) document recommends the use of FVC,
even if the use of SVC is acknowledged, especially among
subjects with obstructive airway diseases.1 In the official
ATS document on spirometry in occupational settings, only
FVC is considered.4
Spirometry is heavily patient-dependent and also dependent on the skills of the testing personnel. Among subjects
with air trapping, FVC may be incomplete, resulting in higher
FEV1/FVC ratio. However, in clinical practice, as well as in
epidemiological studies, the use of only FVC is common. The
underlying assumption is that FVC is a valid measurement of
VC because there is thought to be little difference between
SVC and FVC in unselected populations. Furthermore, in
recent applications of the GOLD statements, the use of VC
is not mentioned.5–7 In the most recent ATS/ERS statement,
FVC is considered to be a suitable surrogate for VC.7
There is also a complete lack of general population-based
studies investigating the effect of using VC based on the best
value of SVC or FVC, instead of only employing FVC. There
are few studies in clinical populations, and the largest one is a
Swedish study of subjects who took sick leave and were current smokers. In this selected group, the prevalence of COPD
increased from 14.0% to 16.8% when VC was used instead of
only using FVC in the calculation of the FEV1/VC ratio.8
Further, the GOLD recommendations of the use of the
fixed ratio of FEV1/FVC ,0.7 have been challenged because
such an approach does not take into account age-related
changes in lung function.9 Using a definition based on an
FEV1/FVC ,0.7 may cause overestimation of COPD in the
older population in epidemiological studies.10 An alternative
approach to the use of the fixed ratio of FEV1/FVC ,0.7
is to use the lower limit of normal (LLN) as a cut-off. The
LLN is calculated using the distribution in reference material
adjusted for age, sex, and height. In 1993, the ERS recommended the use of cut-off values of FEV1/VC adjusted for
age and sex; 88% for females and 89% for males.11 These
values corresponded to the LLN and their use has been jointly
recommended by the ATS and the ERS in clinical practice
and in epidemiological studies.3
The first aim of this study was to compare the use of FVC
and VC, assessed as the highest value of FVC or SVC, when
assessing the FEV1/VC ratio in a general population setting.
The second aim was to evaluate the characteristics of subjects with COPD who obtained a higher SVC than FVC.

Materials and methods
The study data were derived from the Swedish CArdioPulmonary bioImage Study (SCAPIS). SCAPIS is a national
928
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Swedish general population study aiming to include 30,000
subjects aged 50–64 years. The study design has been extensively described elsewhere.12 This study is from the first part
of the SCAPIS, the pilotSCAPIS, and was performed at
Sahlgrenska University Hospital in Gothenburg, Sweden in
2012. This study was approved by The Regional Committee
of Ethics in Umeå, 2010/228-31, and all included subjects
gave their written consent to participate in the study. Briefly,
a randomly selected population sample including 2,243 adults
aged 50–64 years were selected from the census register.
Among these, 1,111 subjects agreed to participate. All of
the subjects answered a respiratory questionnaire comprising the Medical Research Council scale, which includes five
grades for assessing dyspnea, along with items about smoking
habits and socioeconomic status.13 A venous blood sample
(100 mL) was taken from each subject and for the purpose
of this study, analyses of high-sensitive C-reactive protein
and hemoglobin were performed.
Dynamic spirometry, including FEV1, FVC, and SVC, was
performed.14 Static lung volumes were measured according
to ATS/ERS standards using two measurements of total lung
capacity (TLC) and residual volume (RV). All spirometric
maneuvers were performed before and 15 minutes after
inhalation of 400 µg of salbutamol using a nose clamp with
the subject in the sitting position. Gas diffusing capacity
(TLCO) was measured using a single breath carbon monoxide
diffusion test.15 A Jaeger Master Screen PFT (Hoechberg,
Germany) was used for all measurements. Predicted values of
FEV1 and FVC were based on a recent Swedish population.16
The predicted values for TLC, RV, and TLCO were based on
published equations.17–19 In addition, TLCO was adjusted for
hemoglobin.15 All lung function values were recorded after
bronchodilation, and are generally expressed as percent predicted (% predicted).

Definitions
While FVC refers to FVC alone, the VC measurement is
taken from whichever value that is higher, FVC or SVC.
GOLDCOPDFVC was defined as the ratio of FEV1/FVC ,0.7
using FEV1 and FVC. GOLDCOPDVC was defined as the ratio
of FEV1/VC ,0.7 using VC defined as the highest value of
FVC or SVC. GOLDCOPDVC.FVC comprised subjects with
GOLDCOPDVC, but not with GOLDCOPDFVC. LLNCOPDFVC
was defined as the ratio FEV1/FVC below the LLN using
FVC. LLNCOPDVC was defined as the ratio of FEV1/VC
below the LLN using VC defined as the highest value of FVC
or SVC. Severity of COPD in subjects with GOLDCOPDFVC
and GOLDCOPDVC was classified in different stages based
on FEV1 % predicted.1
International Journal of COPD 2016:11
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The non-COPD group was defined as subjects without COPD, which is, not having any of GOLDCOPDFVC,
GOLDCOPDVC, LLNCOPDVC, or LLNCOPDFVC.
Physician-diagnosed asthma was defined as an affirmative answer to “Have you ever had asthma diagnosed
by a physician?”20 Chronic bronchitis was defined as an
affirmative answer to “Have you had long-standing cough
with phlegm?” and “If so, did any period last at least 3
months?” and “If so, have you had such periods at least 2
years in a row?”
Smoking was categorized as current smokers, former
smokers, or never-smokers. Former smokers were defined
as those who have smoked for at least 1 year, but not during
the last year. Socioeconomic status was defined according
to the highest education in three groups: university education (high), high school (medium), and elementary school or
not completed school (low). Height and weight were based
on measured values, and body mass index was defined as
measured weight/height2.

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 95%
confidence intervals (CIs) for prevalences were calculated
using exact methods.
Multivariate logistic regression modeling was used,
assuming a basic model comprising age, sex, and smoking
and with independent variables selected a priori. The final

model was the results of backward selection, with a limit of
P,0.25. All results from the logistic regression models are
expressed as odds ratios (ORs) with 95% CIs.

Results
Of the 1,111 individuals participating in the clinical investigations, 61 were excluded because of incomplete data regarding smoking habits or spirometry, resulting in a final study
population of 1,050 subjects. Basic data on sex, smoking,
and prevalence of COPD according to different definitions
are shown in Table 1. Current smokers, especially males,
had a higher prevalence of COPD, regardless of the definition of COPD.
In this study population aged 50–64 years, the prevalence
of GOLDCOPDFVC was similar (10.0%, 95% CI 8.2–12.0) to
the prevalence of LLNCOPDFVC (9.5%, 95% CI 7.8–11.4).
When estimates were based on VC (instead of FVC), the
prevalence of GOLDCOPDVC became higher (16.4%, 95% CI
14.3–18.9) and that of LLNCOPDVC became higher (15.6%,
95% CI 13.5–17.9). The prevalence of GOLDCOPDVC was
higher than the prevalence of GOLDCOPDFVC (16.4% vs
10.0%, P,0.05). Similarly, the prevalence of LLNCOPDVC
was higher than the prevalence of LLNCOPDFVC (15.6% vs
9.5%, P,0.05).
Basic data regarding age, anthropometry, hemoglobin,
high-sensitive C-reactive protein, and lung function results
are shown in Table 2 according to different definitions of
COPD. Cross-tabulations of different definitions of COPD
are shown in Table 3. It is shown that COPDGOLDVC
is a more sensitive definition than COPDGOLD FVC, as

Table 1 Prevalence (%) of COPD according to different spirometric definitions in pilot SCAPIS according to sex and smoking habits
Investigated
groups

Non-COPD
GOLDCOPDFVC
GOLDCOPDVC
GOLDCOPDVC.FVC
LLNCOPDFVC
LLNCOPDVC

All
n=1,050

Never-smokers
n=448

Ex-smokers
n=415

Current smokers
n=187

All
n=1,050

M
n=525

F
n=525

M
n=217

F
n=231

M
n=220

F
n=195

M
n=88

F
n=99

83.1%
n=873
10.0%a
n=105
16.4%
n=173
6.5%
n=68
9.5%
n=100
15.6%
n=164

80.6%
n=423
11.4%a
n=60
19.0%
n=100
7.6%
n=40
10.8%
n=57
18.0%
n=95

85.7%
n=450
8.6%a
n=45
13.9%
n=73
5.3%
n=28
8.2%
n=43
13.1%
n=69

88.5%
n=192
4.6%a
n=10
10.6%
n=23
6.0%
n=13
5.1%
n=11
11.1%
n=24

92.6%
n=214
4.8%
n=11
6.9%
n=16
2.2%
n=5
3.9%
n=9
6.1%
n=14

79.6%
n=175
10.9%
n=24
20.5%
n=45
9.6%
n=21
10.4%
n=23
17.7%
n=39

82.1%
n=160
9.7%a
n=19
17.4%
n=34
7.7%
n=15
9.2%
n=18
16.9%
n=33

63.6%
n=56
29.6%b,c
n=26
36.4%b,c
n=32
6.8%
n=6
26.1%b
n=23
36.4%b,c
n=32

76.8%
n=76
15.2%a,b
n=15
23.2%b
n=23
8.1%
n=8
16.2%b
n=16
22.2%b
n=22

Notes: aP,0.05, GOLDCOPDFVC vs GOLDCOPDVC; bP,0.05, current smokers vs never-smokers; cP,0.05, males vs females. GOLDCOPDFVC was defined as the ratio of
FEV1/FVC ,0.7 using FEV1 and FVC. GOLDCOPDVC was defined as the ratio of FEV1/VC ,0.7 using VC defined as the highest value of FVC or SVC. GOLDCOPDVC.FVC
comprised subjects with GOLDCOPDVC, but not with GOLDCOPDFVC. LLNCOPDFVC was defined as the ratio FEV1/FVC below the LLN using FVC. LLNCOPDVC was defined
as the ratio of FEV1/VC below the LLN using VC defined as the highest value of FVC or SVC.
Abbreviations: COPD, chronic obstructive pulmonary disease; F, female; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LLN,
lower limit of normal; M, male; SCAPIS, Swedish CArdioPulmonary bioImage Study; VC, vital capacity.
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Table 2 Age, anthropometric data, hemoglobin, high specific CRP, and lung function values in 1,050 subjects in pilotSCAPIS according
to different spirometric definitions of COPD
Characteristics

All
(n=1,050)

Non-COPD
(n=873)

GOLDCOPDFVC
(n=105)

GOLDCOPDVC
(n=173)

GOLDCOPDVC.FVC
(n=68)

Age (years)
Males
High SES (%)
Weight (kg)
Height (cm)
BMI (kg/m2)
Hb (g/L)
CRP
FEV1 (% pred)
FVC (% pred)
FEV1 /FVC
KCO (% pred)
TLCO (% pred)
TLCO-Hb adjusted (% pred)
TLC (% pred)
RV (% pred)

57.3 (0.14)
50.0% (n=525)
37.4%
80.5 (0.48)
171.6 (0.30)
27.3 (0.14)
140.6 (0.38)
2.3 (0.11)
99.9 (0.71)
100.5 (0.73)
0.78 (0.0020)
93.8 (1.16)
100.0 (0.47)
99.4 (0.36)
110.3 (0.57)
104.4 (0.69)

57.1 (0.15)
48.5% (n=423)
38.8%
80.0 (0.51)
171.3 (0.32)
27.2 (0.15)
140.2 (0.42)
2.2 (0.11)
102.3 (0.75)
100.3 (0.79)
0.80 (0.0015)
94.3 (1.26)
96.6 (0.48)
99.7 (0.35)
109.2 (0.60)
102.0 (0.71)

58.7 (0.41)a
57.1% (n=60)
24.8%a
81.5 (1.70)
172.9 (0.96)
27.2 (0.50)
142.3 (1.20)
3.2 (0.44)a
83.1 (2.17)a
100.6 (2.38)
0.64 (0.0059)a
91.0 (5.0)
89.5 (2.03)a
96.5 (1.72)
116.5 (2.22)a
118.4 (2.70)a

58.4 (0.34)a
57.8%a (n=100)
29.5%a
83.0 (1.34)
173.2 (0.78)
27.6 (0.38)
142.7 (0.92)
2.8 (0.34)a
87.6 (1.79)a
101.0 (1.94)
0.68 (0.0049)a
92.7 (1.46)
84.8 (1.9)a
98.0 (1.23)
116.3 (1.65)a
117.1 (1.94)a

57.9 (0.58)
58.8% (n=40)
36.8%
85.4 (2.16)a
173.7 (1.31)
28.2 (0.57)
143.3 (1.45)a
2.2 (0.52)b
94.5 (2.91)a
101.6 (3.33)
0.73 (0.0027)a,b
91.3 (2.50)
97.5 (1.86)
100.3 (1.85)
116.0 (2.44)a
115.2 (2.73)a

Notes: Values are mean ± (SE), unless otherwise specified. aP,0.05, compared with non-COPD subjects. bP,0.05, GOLDCOPDVC.FVC vs GOLDCOPDFVC. GOLDCOPDFVC
was defined as the ratio of FEV1/FVC ,0.7 using FEV1 and FVC. GOLDCOPDVC was defined as the ratio of FEV1/VC ,0.7 using VC defined as the highest value of FVC or
SVC. GOLDCOPDVC.FVC comprised subjects with GOLDCOPDVC, but not with GOLDCOPDFVC.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 second; FVC, forced
vital capacity; KCO, transfer coefficient; TLCO, gas diffusing capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; pred, predicted; Hb, hemoglobin; RV,
residual volume; SCAPIS, Swedish CArdioPulmonary bioImage Study; SE, standard error; SES, socioeconomic status; TLC, total lung capacity; VC, vital capacity.

only 60.7% of COPDGOLDVC cases are identified by the
COPDGOLDFVC definition.
The distribution of different stages of severity among
different groups of COPD is shown in Table 4. In this general population sample, no subjects were in COPD GOLD
stage 4. Subjects with COPDFVC or COPDVC had an increased
prevalence of dyspnea, wheezing, chronic bronchitis, and
physician-diagnosed asthma compared to the non-COPD
group (Table 5). The prevalence of respiratory conditions
was lower in subjects with GOLDCOPDVC.FVC but there
were no significant differences compared with the nonCOPD group.
Sixty-eight subjects were classified as having GOLDCOPDVC.FVC and in univariate analyses, these subjects with

Table 3 Cross-tabulation of different spirometric definitions of
COPD in pilotSCAPIS
COPD
definitions

GOLDCOPDFVC GOLDCOPD VC LLNCOPDFVC

All
GOLDCOPDFVC
GOLDCOPDVC
LLNCOPDFVC

105
–
105 (100.0%)
92 (87.6%)

173
105 (60.7%)
–
100 (57.8%)

100
92 (92.0%)
100 (100.0%)
–

Abbreviations: COPD, chronic obstructive pulmonary disease; FVC, forced vital
capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LLN, lower
limit of normal; SCAPIS, Swedish CArdioPulmonary bioImage Study; VC, vital capacity.
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GOLDCOPDVC.FVC had higher weight, higher hemoglobin,
lower FEV1, more obstruction and higher RV and TLC
compared to the non-COPD group (Table 2). In logistic
regression, with GOLDCOPDVC.FVC vs non-COPD as the
dependent variable, there were significant associations with
age (OR 1.08, 95% CI 1.01–1.15), wheeze (OR 2.3, 95% CI
1.05–4.9), decreased FEV1 (OR 0.82, 95% CI 0.78–0.86) and
increased FVC (OR 1.19, 95% CI 1.14–1.24 and increased
RV (OR 1.02, 95% CI 1.01–1.04) (Table 6).

Discussion
The most important findings in this general population-based
study were that the prevalence of COPD, defined as the presence of airflow limitation, was significantly higher when

Table 4 Prevalence (%) of COPD according to different stages
according to the GOLD criteria in pilotSCAPIS
COPD
definitions

All,
n

GOLDCOPDFVC
105
GOLDCOPDVC
173
GOLDCOPDVC.FVC 68

Stage 1, Stage 2, Stage 3, Stage 4,
n (%)
n (%)
n (%)
n (%)
53 (50.5)
98 (56.6)
45 (66.2)

47 (44.8)
69 (39.9)
22 (32.3)

5 (4.8)
6 (3.5)
1 (1.5)

0
0
0

Abbreviations: COPD, chronic obstructive pulmonary disease; FVC, forced vital
capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; SCAPIS,
Swedish CArdioPulmonary bioImage Study; VC, vital capacity.
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Table 5 Comparison of the prevalence of dyspnea (according to MRC dyspnea scale), chronic bronchitis, asthma, and wheeze in
relation to different spirometric definitions of COPD
Covariates (questionnaire-based)

All
n=1,052

Non-COPD
n=873

GOLD
COPDFVC
n=105

GOLD
COPDVC
n=173

GOLD
COPDVC.FVC
(n=68)

MRC grade 1

4.4%
n=45
6.0%
n=60
7.2%
(n=76)
9.2%
n=97
8.6%
n=90

3.6%
n=31
4.6%
n=40
6.5%
(n=57)
7.3%
(n=64)
5.6%
(n=49)

11.1%a
n=11
15.1%a
n=15
12.4%a
n=13
21.9%a
n=23
28.6%a
n=30

8.6%a
n=14
12.2%a
n=20
10.4%
n=18
18.5%a
n=32
23.1%a
n=40

4.7%
n=3
7.9%
n=5
7.3%
n=5
13.2%
n=9
14.7%
n=10

MRC . grade 1
Chronic bronchitis
Physician-diagnosed asthma
Wheeze

Note: aP,0.05, compared with non-COPD subjects.
Abbreviations: COPD, chronic obstructive pulmonary disease; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MRC, Medical
Research Council; VC, vital capacity.

the ratio FEV1/VC was calculated using the highest value
of SVC or FVC compared with using FVC only. This was
independent of whether the GOLD or the LLN definition of
COPD was applied. Additional subjects who were identified
as having COPD when applying the VC approach compared
with the FVC approach (GOLDCOPDVC.FVC) were less
obstructed than the remaining subjects with COPD. Still,
these additional subjects had decreased FEV1 and increased
RV, indicating presence of obstruction and air trapping,
compared to healthy subjects. These results underscore that
the use of only FVC when assessing airflow limitation may
result in a considerable underdiagnosis of subjects with
mild COPD.
We observed a significantly higher prevalence of COPD,
defined as the presence of postbronchodilator airflow limitation, when including the highest value of FVC or SVC as

Table 6 Logistic regression models of GOLDCOPDVC.FVC vs
non-COPD as the dependent variable
Independent variables

Odds
ratio

95% confidence
interval

P-value

Sexa
Age (years)
Current smokersb
Never-smokersb
Physician-diagnosed asthmab
Wheezeb
FEV1 (% predicted)

1.6
1.08
1.6
0.6
1.7
2.3
0.82

0.9–2.7
1.01–1.15
0.7–3.3
0.3–1.2
0.8–3.8
1.05–4.9
0.78–0.86

0.11
0.03
0.23
0.16
0.19
0.04

FVC (% predicted)
RV (% predicted)

1.19
1.02

1.14–1.24
1.01–1.04

,0.001
,0.001

,0.001

Notes: aMales =1, females =0. b1= Yes, 0= No.
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced
expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global Initiative
for Chronic Obstructive Lung Disease; RV, residual volume; VC, vital capacity.
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the denominator when calculating the FEV1/VC ratio. This
important aspect has mostly been neglected in previous
studies, but there are some exceptions. In a Portuguese study
of a clinical population, it was observed that the prevalence
of airway obstruction (COPD) increased from 43.9% when
using FVC to 52.2% when using SVC as the denominator.21
In a Swedish study of sick-listed subjects who were current
smokers, the prevalence of COPD according to the GOLD
guidelines increased from 14.0% to 16.8% when the best
value of FVC or SVC was used in the calculation of the FEV1/
VC ratio compared with only using FVC.8 When applying
the LLN approach among these smokers, the prevalence of
COPD increased from 17.6% to 21.7%.
In our study, when applying the maximum value of
SVC or FVC as the denominator in the FEV1/VC ratio, the
prevalence of COPD increased, probably because of a more
sensitive definition. Sixty-eight subjects who were added
(GOLDCOPDVC.FVC) when using the VC approach appeared
healthier compared with the GOLDCOPDFVC group but
compared to the non-COPD group they seemed to be more
obstructive and with some degree of air trapping. Not infrequently, in subjects with light-to-moderate airflow obstruction and dynamic compression, FVC is lower than VC.22 This
is thought to result from closure of small airways at a higher
volume during a forced expiration than when performing the
SVC. Our results indicate that a definition of airflow limitation based on VC instead of FVC will identify more subjects
with mild obstruction and air trapping as having COPD.
To the best of our knowledge, our study is the first general
population study investigating this important aspect.
Therefore, we consider that the importance of using the
maximum value of SVC or FVC as a measure of VC needs
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to be examined when estimating the prevalence of COPD. In
order to enable an appropriate comparison between studies,
it needs to be clearly stated whether the FVC approach or
the VC approach has been applied. Our study does not support the assumption that there is only a negligible difference
between SVC and FVC in unselected populations.6 Rather,
our findings indicate that the VC approach will result in a
more sensitive definition of COPD, and probably an increased
tendency to make a false-positive COPD diagnosis. An alternative conclusion is that the FVC approach may result in considerable underrecognition of subjects with COPD. Whether
application of the VC concept (based on SVC) will result in
more valid and reproducible estimates and better prediction
of lung function decline needs to be investigated in longitudinal studies. Overall, the clinical implications of using FVC
or VC as a denominator when assessing airway obstruction
need to be further evaluated. This raises the important issue
of whether a decreased FEV1/VC ratio (regardless of the
definition) is just a marker of airflow limitation. For a clinically relevant diagnosis of COPD, there is further need for
clinical signs or structural abnormalities.23
Previous studies have shown that the prevalence of COPD
differs between populations when different definitions of
COPD are used.24–27 Most studies have reported a higher
prevalence of COPD using the GOLD definition compared
with the LLN approach as recommended by the ERS/ATS.
However, this was not the case in our study because we
found a similar prevalence of COPD, regardless of the definition. This difference between studies is probably due to the
comparatively narrow age interval of our study of 50–64
years because overestimation of COPD owing to the GOLD
criteria increases with advancing age. Due to the different
age intervals employed in many studies, the comparison of
COPD prevalence between studies is difficult. A Swedish
study on subjects aged ,45 years showed similar prevalence
estimates as in our study, but among subjects aged $45 years
the prevalence of COPD was considerably higher.24 In a study
in the USA of participants aged 40–64 years, the prevalence
of COPD was 15.6% based on the LLN approach and 19.1%
based on the GOLD criteria.27 These estimates are higher than
those in our study, but there was no difference with regard
to the GOLD or LLN approach. In a recent Finnish study,
there was also a similar prevalence of COPD, regardless of
whether the GOLD or LLN criteria were applied in the age
group of 40–79 years.25
One concern about the present study is the narrow age
interval, 50–64 years, because the prevalence of COPD is
much higher in people with more advanced age. Hence, the
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study has to be replicated in a wider age span in order to
increase the external validity of the results. In Table 6, it is
shown that age is of importance, as a significant association
between age and GOLDCOPDVC.FVC is reported. Given that
the average response rate in the present study was 50%,
another concern in nonresponse bias. It is well known that
smokers are overrepresented among nonresponders, males
and urban citizens, but this is mainly observed among
younger subjects.28

Conclusion
The prevalence of COPD in this population-based sample of
subjects aged 50–64 years was highly dependent on whether
VC or FVC was used when calculating the FEV1/VC ratio.
Hence, the use of only FVC when assessing airflow limitation may result in a considerable under diagnosis of subjects
with mild COPD. COPD is a progressive disease, and early
detection is very important to allow for immediate interventions, such as smoking cessation.
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