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Prevalence of airflow obstruction
according GOLD, ATS and ERS criteria 

in symptomatic ever-smokers referring
to a Pulmonary Rehabilitation Department
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Introduction

Chronic obstructive pulmonary disease
(COPD) is a common cause of morbidity and mor-
tality worldwide [1]. The prevalence of COPD is
strongly associated with smoking habits and age
distribution of the studied population [2, 3], occur-
ring rarely in individual < 40 yeas old, and less fre-
quently in non-smokers [4].

Common symptoms of COPD are cough, spu-
tum production, and dyspnoea. Spirometry is re-
quired to diagnose COPD, which is defined as air-
flow obstruction (AO) that is not fully reversible
[5]. However, the spirometric criteria for diagnosis
of AO differ considerably between guidelines, mak-
ing it difficult to quantify the morbidity of COPD.

The most important guidelines on diagnosis
and treatment of COPD are edited by the European
Respiratory Society (ERS) [6], the American Tho-
racic Society (ATS) [7] and the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) [8].

The aim of this study was to evaluate the dif-
ferences in the prevalence of COPD based on the
spirometric criteria of COPD according to ERS,
ATS, and GOLD guidelines in a group of smoker
or ex-smoker adults, ≥ 45 years old, both with dys-
pnoea and with chronic productive cough, consec-
utively referred to our Pulmonary Rehabilitation
department.

Materials and Methods

A spirometry was performed in each patient
referred to our Pulmonary Rehabilitation depart-
ment due to respiratory diagnosis or symptoms.

Spirometry was performed by using a comput-
erised pneumotachograph (MasterScreen Pneumo,
Jager, Germany). The test procedure were per-
formed by experienced and specially trained tech-
nicians, following the ATS recommendations [9],
with the patient in the setting position and using a
noseclip. Short acting and long acting bron-
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Aim. To evaluate in a Pulmonary Rehabilitation (PR)
setting the prevalence of airflow obstruction (AO) in either
current or former smokers ≥ 45 years old both with dysp-
noea and with chronic productive cough, using European
Respiratory society (ERS) statement (FEV1/SVC < 88 and 
< 89 %predicted in men and women, respectively), Ameri-
can Thoracic Society (ATS) statement (FEV1/FVC < 75%),
and Global Initiative for Chronic Obstructive Lung Disease
(GOLD) statement (FEV1/FVC < 70%).

Methods. Lung function tests were performed in each
patient who was referred to our PR department due to
respiratory diagnosis or symptoms. For analysis, in pa-

tients showing AO we used post-bronchodilator lung func-
tion values.

Results. In 184 ever-smoker patients with symptoms
of chronic obstructive pulmonary disease (COPD), the
prevalence rates of AO were as follows: ERS = 89.7%,
ATS = 76.6%, and GOLD = 63.6%. Patients with AO ac-
cording ERS criteria showing moderate to severe (M/S)
obstruction (i.e., FEV1 < 70 % predicted) were 119. Pa-
tients with ERS M/S AO but without AO using either ATS
or GOLD criteria were 8.4% and 19.3%, respectively.

Conclusions. Prevalence of AO is highly dependent on
which guidelines it is based. ATS and particularly GOLD
statement can cause a large under-diagnosis even of mod-
erate to severe COPD. Diagnosis of COPD may be over-
looked if SVC is not performed.
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chodilator medications were withheld six and
twelve hours before testing, respectively.

Vital capacity, defined as the difference be-
tween total lung capacity (TLC) and residual vol-
ume (RV), was measured as a slow (slow vital ca-
pacity, SVC) or a forced (forced vital capacity,
FVC) maximal expiration from TLC to RV.

We used the criteria of AO definition edited by
ERS, ATS and GOLD guidelines. The ERS guide-
lines state that AO is present when the ratio be-
tween forced expiratory in the first second (FEV1)
and SVC is less than 88% and 89% of the predict-
ed value in men and women, respectively [6]. The
ATS guidelines indicate as definition of AO a ratio
between FEV1 and FVC less than 75% [7]. The
GOLD guidelines state that AO is present when
the FEV1/FVC ratio is less than 70% [8].

In patients showing AO according to at least
one of the three criteria, we assessed a reversibili-
ty test, performing in the same day a second
spirometry 15 minutes after inhalation of four
puffs of salbutamol (VentolinTM, GlaxoSmithK-
line), each containing 100 mcg (total dose admin-
istered was 400 mcg), using a spacer mouth-piece.
For analysis, we used only post-bronchodilator
lung function values, in order to exclude from the
study the patients showing an AO fully reversible
(i.e., without any AO after bronchodilator accord-
ing to at least one of the three criteria).

Smoking habits, respiratory history and symp-
toms were collected using an assisted interview.

All patients gave written informed consent to
treatment of all data collected during their hospital
stay.

During the study period, amounting to 28
months (January 1 2008 to April 30 2010), we as-
sessed by lung function tests 573 patients referred
to our department. Of these, 389 dropped out: 49
were repeated admissions to our department, 9
were not able to perform an acceptable spirometry,
269 complained only of symptoms of obstructive
sleep apnoea syndrome, 11 were affected by neu-
romuscular diseases or central hypoventilation, 34
complained of dyspnoea or wheezing without
chronic productive cough, 4 were less than 45
years old, 13 were never-smokers.

Results

Analysis was performed on a group of 184
subjects (32.1% of overall patients admitted in our
department, age range = 45-91 years, male/female
ratio = 1/0.7), smokers or ex-smokers, both with
dyspnoea and with chronic productive cough. An-
thropometric and spirometric characteristics of the
analysed patients are showed in table 1.

Prevalence rates of AO for such patients were
as follows: ERS = 89.7%, ATS = 76.6%, and
GOLD = 63.6% (figure 1). All patients with AO
according to either ATS or GOLD criteria fulfilled
also ERS guidelines.

Among the 165 patients with AO according to
ERS criterion, distribution of severity grading of
AO according the same ERS COPD-guidelines

was the follow (as figure 2 shows): 46 (27.9%)
mild (i.e. FEV1 ≥ 70%pred), 48 (29.1%) moderate
(i.e. FEV1 = 50-69%pred), and 71 (43.0%) severe
(i.e. FEV1 < 50%pred).

Table 1. - Basic characteristics of study population
(every-smokers with both chronic productive cough
and dyspnoea)

Patients (n) 184

Gender (Men:Women, n) 109:75

Age (years)* 68 ± 10

BMI (Kg/m2)* 32 ± 9

FEV1 (% of predicted value)* 71 ± 20

FEV1/FVC (%)* 63 ± 15

* Data are presented as mean ± SD.
BMI: body mass index: FEV1: forced expiratory volume
in one second; SVC: slow vital capacity; FVC: forced vital
capacity.

Fig. 1. - Prevalence of airflow obstruction among every-smokers, ≥ 45
years old, with both chronic productive cough and dyspnoea (184 patients).

Fig. 2. - Distribution of severity grading of COPD among the patients
with airflow obstruction according ERS criteria * (165 patients).



159

PREVALENCE OF AIRFLOW OBSTRUCTION ACCORDING GOLD, ATS AND ERS CRITERIA

Patients showing a moderate to severe AO ac-
cording to the ERS criterion for grading (i.e.,
FEV1 < 70%pred) were 119 (72.1% of patients
with ERS-AO). We did not find any AO using ei-
ther ATS or GOLD guidelines in 10 (8.4%) and 23
(19.3%) subjects among such patients, respective-
ly. Figure 3 shows the percentage of patients with
AO by ERS guidelines but without AO using ATS
criterion in each group of severity. Figure 4 shows
the percentage of patients with AO by ERS guide-
lines but without AO using GOLD criterion in
each group of severity.

In table 2 we compare prevalence rates of AO
in our present study with results of some previous
studies [10-12].

Discussion

Estimates of COPD prevalence vary widely,
probably reflecting differences in the populations
studied, and the rules used to define AO.

In the present study, among ever-smokers ≥ 45
years old both with dyspnoea and with chronic
productive cough, the prevalence of AO varied de-
pending on what definition was used, from 89.7%
with the ERS criteria, to 76.6% with the ATS cri-
teria, up to 63.6% with the GOLD criteria.

To our knowledge, this is the first study evalu-
ating prevalence of AO using different guidelines
in a Pulmonary Rehabilitation setting. Therefore,
we can compare our results only with previous
studies on general populations.

Our prevalence rates of AO exceed somewhat
was demonstrated in several previous studies on
general populations [10-12]. As showed in table 2,
our prevalence rates remain higher even when
such previous studies taken into account only peo-
ple ≥ 45 years old, or only ever-smokers, or only
subjects with chronic productive cough, or only
subjects with dyspnoea.

The lower prevalence rates found in these pre-
vious studies may be due to our selected group of
patients consecutively referred to our Pulmonary
Rehabilitation department, who were ever-smok-
ers, ≥ 45 years old, and complained both of chron-
ic productive cough and of dyspnoea.

Furthermore, the highest prevalence of AO
was estimated by using either ATS or GOLD crite-
ria in the previous studies [10-12], as reported in
table 2, whereas it was obtained by ERS criteria in
our present study. Again, our different result may
be due to the figure of our patients, but not be the
only reason.

The limitations of using a fixed FEV1/FVC ra-
tio as a cut-off to define AO have been highlight-
ed recently [13-15]. Several previous studies
showed that use of the lower limit of normal
(LLN) criterion instead of the fixed ratio criterion
minimises known age biases and better reflects
clinically significant irreversible AO [15-17]. Us-
ing FEV1/FVC < LLN criterion, the prevalence of
AO in subjects ≥ 40 years old was as follows:
8.6% to 30.6% for male (4.3% to 6.1% for female)
ever-smokers in Spain [18], 29.3% for male and
female smokers in Poland [19], and 18.6% for

male and female smokers in Hong Kong [12]. A
recent analysis of the international Burden of Ob-
structive Lung Disease (BOLD) study [20, 21]
confirmed that adjusting the FEV1/FVC ratio for
normative ageing effects appears to reduce the rate
of false-positive diagnoses of COPD in older indi-
viduals [22].

In the present study, using FEV1/SVC < LLN
(i.e., the ERS criterion), we found a higher AO
prevalence rate (i.e., 89.7%) than the previous
studies reported above [12, 18, 19, 22]. Our result
may be due both to the selection of ever-smokers
only with symptoms of COPD and to the use of
SVC instead of FVC.

As a matter of fact, SVC was found to exceed
FVC in patients with an impaired lung function,
whereas the opposite was found in subjects with
normal lung function [23-25]. These effects, that
results to be attenuated but not abolished by in-
halation of a bronchodilator [26], can explain the
results of our present study, performed on ever-
smokers ≥ 45 years old both with chronic produc-
tive cough and with dyspnoea.

The expiratory flows at lower lung volumes
are largely determined by the collapsing of periph-
eral non-cartilaginous airways, which function as
the rate-limiting step to airflow as the lung empties
[27]. Therefore, a diagnosis of COPD may be
overlooked if SVC is not performed in patients
with symptoms of COPD, as the present study
shows, because in COPD patients the large air-
ways, although inflamed, do not contribute direct-
ly to the airflow limitation. The pathological hall-
mark of COPD is inflammation of the small air-

Fig. 3. - Percentage of patients fulfilling ERS COPD-guidelines *
(165 patients) but without airflow obstruction using ATS criteria **.

Fig. 4. - Percentage of patients fulfilling ERS COPD-guidelines *
(165 patients) but without airflow obstruction using GOLD criteria **.
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ways (bronchilolitis) and destruction of lung
parenchyma (emphysema). Bronchiolitis narrows
and obliterates the airways lumen and actively
constricts the airways; emphysema reduces the
elastic recoil of the lung and the elastic load ap-
plied to the small airways [28]. The functional
consequence of both these abnormalities is the not
fully reversible AO characteristic of COPD. In
such patients with small-airway collapse, the FVC
can be smaller than the SVC.

The magnitude of vital capacity depends on the
determinants of TLC and RV: in healthy subjects
TLC is determined primarily by the lung elastic re-
coil [29], and the RV primarily by the elastic recoil
of the chest wall and the pressure of expiratory mus-
cles [30], whereas in presence of airways obstruction
RV is also determined by dynamic factors, such as
expiratory flow limitation [31] and airway closure
[30]. Therefore, vital capacity reflects parenchimal
properties in normal individual, but also airway
properties in obstructed patients. Brusasco and co-
workers [24] found that increasing the expiratory
flow from TLC to RV resulted in a significant de-
crease in vital capacity in patients with chronic air-
way obstruction (SVC = 3.93, FVC = 3.75), de-
pending on the severity of bronchial obstruction. The
authors hypothesised that an increase in airflow may
increase viscous pressure losses within narrowed pe-
ripheral airways, thus causing the transmural pres-
sure to be less and airway closure to occur at some-
what higher lung volume [24]. The higher preva-
lence of AO we found in our symptomatic patients
using SVC rather than FVC may be in keeping with
this dependence of vital capacity on flow history: the
greater the bronchoconstriction, the lower the vital
capacity after forced expiration.

The clinical implication of our results is that a
diagnosis of COPD may be overlooked if SVC is
not performed.

We found that such risk is especially high in pa-
tients with mild disease: among patients with mild
AO according to the ERS criteria (i.e., FEV1 ≥
70%pred), we did not found any AO using either
ATS or GOLD guidelines in 30.4% and 54.3%, re-
spectively. Similar results werefound in the study
by Nathell et al. [26]. However, we did not found
any AO using either ATS or GOLD guidelines even
in a large percentage of patients with moderate to
severe AO according to the ERS criteria for COPD
grading, particularly using GOLD criteria (19.3%).

Our results stress the need for a clear spiro-
metric definition of COPD, suggesting that the
SVC manoeuvre be performed when patients at
high risk of COPD are examined.
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