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ABSTRACT
Objective: The identification of persistent airway obstruction is key to making a diagnosis 
of COPD. The GOLD guidelines suggest a fixed criterion—a post-bronchodilator FEV1/
FVC ratio < 70%—to define obstruction, although other guidelines suggest that a post-
bronchodilator FEV1/FVC ratio < the lower limit of normal (LLN) is the most accurate 
criterion. Methods: This was an observational study of individuals ≥ 40 years of age 
with risk factors for COPD who were referred to our pulmonary function laboratory for 
spirometry. Respiratory symptoms were also recorded. We calculated the prevalence 
of airway obstruction and of no airway obstruction, according to the GOLD criterion 
(GOLD+ and GOLD−, respectively) and according to the LLN criterion (LLN+ and LLN−, 
respectively). We also evaluated the level of agreement between the two criteria. Results: 
A total of 241 individuals were included. Airway obstruction was identified according to 
the GOLD criterion in 42 individuals (17.4%) and according to the LLN criterion in 23 
(9.5%). The overall level of agreement between the two criteria was good (κ = 0.67; 
95% CI: 0.52-0.81), although it was lower among the individuals ≥ 70 years of age (κ = 
0.42; 95% CI: 0.12-0.72). The proportion of obese individuals was lower in the GOLD+/
LLN+ category than in the GOLD+/LLN− category (p = 0.03), as was the median DLCO 
(p = 0.04). Conclusions: The use of the GOLD criterion appears to be associated with 
a higher prevalence of COPD. The agreement between the GOLD and LLN criteria also 
appears to be good, albeit weaker in older individuals. The use of different criteria to 
define airway obstruction seems to identify individuals with different characteristics. It is 
essential to understand the clinical meaning of discordance between such criteria. Until 
more data are available, we recommend a holistic, individualized approach to, as well as 
close follow-up of, patients with discordant results for airway obstruction.
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INTRODUCTION

As is well known, COPD is a leading cause of mortality 
and morbidity worldwide. According to the GOLD, COPD 
is characterized by persistent respiratory symptoms 
and airway obstruction, defined as an FEV1/FVC ratio 
< 70%.(1) However, the FEV1/FVC ratio is influenced by 
sex and age.(2,3) The fixed cutoff value does not reflect 
that influence and may misclassify airway obstruction. 
In view of that, some authors have proposed using the 
lower limit of normal (LLN), estimated from a reference 
population that is representative (in terms of age, sex, 
height, and race), as a more accurate criterion to define 
airway obstruction.(4-6)

The true prevalence of COPD is unknown, and its 
reported prevalence varies considerably across the 
world due to differences in survey methods, sample 
characteristics, and diagnostic criteria.(7-10) Most studies 
of COPD have been population-based studies including 
large proportions of individuals without risk factors for 

COPD (asymptomatic individuals and nonsmokers), have 
not included post-bronchodilator assessments, or have 
had both of those issues.(7,9)

The aim of this study was to assess the prevalence 
of COPD according to the two different criteria used in 
order to define airway obstruction (FEV1/FVC ratio < 70% 
and FEV1/FVC ratio < LLN), as well as to determine the 
agreement between those two criteria, in a sample of 
patients with risk factors for COPD. We also assessed the 
clinical and functional differences between the patients in 
whom the criteria were concordant and those in whom 
they were discordant.

METHODS

Sample
This was an observational study including individuals 

≥ 40 years of age who presented with key indicators of 
COPD and underwent spirometry between September 
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and December of 2019 at the Pulmonary Function 
Laboratory of the Hospital da Luz Lisboa, in the city 
of Lisbon, Portugal. The key indicators of COPD were 
defined as follows: a smoking history of ≥ 10 pack-years 
or a history of relevant exposure to dust, vapor, fumes, 
gases, or chemicals; or chronic respiratory symptoms, 
including chronic cough, chronic sputum production, 
dyspnea—defined as a modified Medical Research 
Council (mMRC) dyspnea scale score ≥ 2(11)—recurrent 
lower respiratory tract infections, and wheezing, in a 
smoker. Individuals who were under treatment with a 
bronchodilator—long-acting (< 24 h) or short-acting 
(< 8 h)—were excluded, as were those with a history 
of asthma, bronchiectasis, interstitial lung disease, 
or lung resection, as well as those whose symptoms 
could not be assessed.

The sample size was calculated on the basis of a 
confidence level of 95% (confidence limits of 5%) and 
an anticipated frequency in the general population 
of 14.2%.(12) Thus, the minimum sample size was 
determined to be 187 subjects.

Demographic characteristics (sex and age), 
anthropometric data (weight and height), and medical 
history (smoking habits, history of lung disease, and 
respiratory symptoms such as chronic cough, chronic 
sputum production, dyspnea, and wheezing) were 
obtained from medical records or from the patients 
themselves, in interviews. Individuals who had quit 
smoking six months prior to the interview were 
categorized as former smokers.

Pulmonary function testing
The pulmonary function tests included the 

determination of FEV1, FVC, and the FEV1/FVC ratio. 
If total body plethysmography, with or without 
single-breath diffusion testing, was performed, RV, 
TLC, and DLCO (% of predicted) were also recorded, 
as recommended in international guidelines.(13-15) All 
pulmonary function tests were performed by certified 
respiratory technologists trained in the use of the 
Masterscreen Body/Diffusion system with SentrySuite 
Software, version 2.21 (Vyaire Medical Inc., Chicago, 
IL, USA). Hygiene and infection control measures 
were applied in all patients. Calibration checks were 
performed, and quality control procedures were followed. 
All patients were informed about which activities and 
medications should be avoided or suspended before 
the pulmonary function tests.

The Global Lung Initiative (GLI) 2012 reference 
equations were applied for spirometry,(16) and the 
European Community for Coal and Steel equations 
were applied for static volumes.(2) All individuals with 
a pre-bronchodilator FEV1/FVC ratio < 70% or < LLN 
underwent bronchodilator reversibility testing, in 
accordance with international guidelines.(15,17)

The default bronchodilator was albuterol, administered 
with a metered dose inhaler (100 µg per actuation). 
A dose of 400 µg was delivered with a valved holding 
chamber. Post-bronchodilator FEV1 and FVC were 

measured 15 min later, the maneuvers being repeated 
until three acceptable measurements had been obtained. 
If albuterol was contraindicated, the anticholinergic 
agent ipratropium bromide (at a total dose of 160 
µg with a valved holding chamber) was used. For 
the individuals receiving ipratropium bromide, the 
post-bronchodilator maneuvers were performed at 
30 min after administration.

Airway obstruction was defined according to the fixed 
ratio (GOLD criterion) as a post-bronchodilator FEV1/
FVC ratio < 70% and according to LLN criterion as a 
post-bronchodilator FEV1/FVC ratio < LLN (designated 
GOLD+ and LLN+, respectively). Conversely, a post-
bronchodilator FEV1/FVC ratio ≥ 70% was designated 
GOLD− and a post-bronchodilator FEV1/FVC ratio ≥ 
LLN was designated LLN−. The LLN was calculated 
by using the GLI 2012 equations,(16) in which it is the 
overall mean predicted value (based on sex, age, race, 
and height) minus 1.64 times the standard error of the 
estimate determined in the population-based study on 
which the reference equation is based (LLN 5% [lower 
5th percentile]; z-score, −1.64).

The study was approved by the Ethics in Clinical 
Research Committee of the Hospital da Luz Lisboa. 
All participants provided written informed consent.

Statistical analysis
A descriptive analysis of the data was performed with 

RStudio, version 1.3.1056, running R, version 4.0.2 
(RStudio Inc., Boston, MA, USA). Quantitative variables 
were expressed as medians and interquartile ranges, 
whereas qualitative variables were expressed as absolute 
and relative frequencies. The Shapiro-Wilk test was 
used in order to assess the normality of variables. The 
level of agreement between the two criteria applied to 
define airway obstruction was assessed by calculating 
Cohen’s kappa statistic (κ). We defined four categories 
of agreement between the two criteria: GOLD−/LLN−, 
GOLD+/LLN−, GOLD+/LLN+, and GOLD−/LLN+. 
To evaluate between-category differences for the 
quantitative variables, we used the Kruskal-Wallis test 
and Dunn’s test with Benjamini-Hochberg correction, 
whereas we used chi-square tests with Benjamini-
Hochberg correction to determine whether there were 
statistically significant between-category differences 
for the qualitative variables. Values of p < 0.05 were 
considered statistically significant.

RESULTS

Our study sample included 241 individuals, of 
whom 134 (55.6%) were male. The median age was 
60 years, and the median BMI was 27 kg/m2. All of 
the individuals had a history of smoking, and 136 
(56.4%) were still active smokers. Symptoms were 
present in 105 (43.6%) of the individuals, the most 
common being chronic cough (observed in 30.3%). 
When the GOLD criterion for airway obstruction was 
applied, 42 (17.4%) of the individuals were classified 
as having COPD, compared with 23 (9.5%) when the 
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LLN criterion was applied (Table 1). The characteristics 
of the individuals, by category, are detailed in Table 
1, and Figure 1 shows the prevalence of COPD by 
age and sex.

The overall agreement between the GOLD and LLN 
criteria to define obstruction was good (κ = 0.67), 
although there was only moderate agreement among 
the individuals over 70 years of age (κ = 0.42). As can 
be seen in Table 2, none of the individuals evaluated fit 
into the GOLD−/LLN+ category (post-bronchodilator 
FEV1/FVC ratio < LLN and ≥ 70%). When comparing the 
three remaining categories, we found that the individuals 
in the GOLD+/LLN− category were significantly older 
than were those in the GOLD−/LLN− category (p < 
0.001), although we found no significant difference in 
age between the two concordant categories (GOLD−/
LLN− and GOLD+/LLN+; p = 0.102). The proportion of 
obese patients was lowest in the GOLD+/LLN+ category.

Individuals in the GOLD−/LLN− category had fewer 
symptoms than did those in the other categories. We 
found no differences between the GOLD+/LLN− and 
GOLD+/LLN+ categories in terms of presence of 
symptoms. The proportion of patients with dyspnea 
(mMRC score ≥ 2) was higher in the GOLD+/LLN− 
category than in the GOLD+/LLN+ category, although 
the difference was not statistically significant, and the 
two categories were comparable in terms of other 
COPD symptoms (Table 1).

The median DLCO value was lower in the GOLD+/
LLN+ category than in the GOLD−/LLN− and GOLD+/
LLN− categories (p < 0.001 and p = 0.038, respectively). 
We found no statistically significant difference in DLCO 
between the GOLD−/LLN− category and the GOLD+/
LLN− category.

DISCUSSION

In the present study, we evaluated two different 
criteria to define airway obstruction in a sample of 
individuals with risk factors for COPD. The overall 
prevalence of COPD was higher when the GOLD criterion 
was applied than when the LLN criterion was applied 
(17.4% vs. 9.5%), and the concordance between the 
two criteria was good, albeit weaker in older individuals. 
The proportion of obese individuals was higher in the 
category that was discordant for obstruction (GOLD+/
LLN−) than in the category that was concordant for 
obstruction (GOLD+/LLN+). The DLCO was preserved 
in the GOLD+/LLN− (discordant for obstruction) 
category and in the GOLD−/LLN− (concordant for no 
obstruction) category. Although the individuals in the 
GOLD+/LLN− category were older than were those in 
the GOLD−/LLN− category, there was no significant 
difference in age between the GOLD+/LLN+ category 
and the GOLD−/LLN− category.

The reported prevalence of COPD varies widely 
because of differences in survey design, diagnostic 
criteria, and analytical approaches, which complicate 
comparisons of the data. In comparison with the 
findings of another study conducted in the same region 

of Portugal, which used the Burden of Obstructive Lung 
Disease protocol/GOLD criteria,(12) the prevalence of 
COPD was higher in the present study (14.2% vs. 
17.4%). That discrepancy could be explained by the 
differences between the two samples. In the present 
study, we included only current or former smokers 
with risk factors for COPD who were referred for 
pulmonary function testing. Most other studies of this 
type, including the Burden of Obstructive Lung Disease 
study,(12) have been population-based studies.(8,10,18)

The LLN values are dependent on the chosen 
reference equation. Therefore, the reported prevalence 
of COPD is also broad, ranging from 8.2% to 14.0%, 
depending on the LLN used in order to define airway 
obstruction(19): 8.2% when the European Community 
for Steel and Coal prediction equation(2) is used; 
8.6% when the GLI equation is used; 10.0% when 
the National Health and Nutrition Examination Survey 
equation is used; and 14.0% when the Copenhagen 
City Heart Study/Copenhagen General Population Study 
equation is used. Among elderly individuals, the rate 
of airway obstruction obtained is lower when the GLI 
2012 reference equation is used(16) than when those of 
the National Health and Nutrition Examination Survey 
III(3) and the European Community for Steel and Coal 
prediction equation(2) are used.

In the present study, the number of individuals 
diagnosed with airway obstruction was higher when 
we used a fixed criterion for evaluating the post-
bronchodilator FEV1/FVC ratio than when we used the 
LLN-based criterion, a finding that is consistent with 
those of other studies.(7,8,18,20) The GOLD criterion may 
overestimate airway obstruction in older individuals and 
underestimate it in younger individuals.(5) As in other 
studies,(7,12,18) the prevalence of airway obstruction 
evaluated with the fixed criterion increased with age in 
our study. However, as was also found in our study, that 
difference is less pronounced when the LLN criterion 
is used.(7) We documented good agreement between 
the two criteria, although the level of that agreement 
decreased with age, as has previously been reported.(21)

It is unknown what the most appropriate criterion to 
define obstruction in the diagnosis of COPD is, as well 
as the clinical meaning of a discordant classification. 
Because there is no gold-standard criterion, it is 
impossible to determine which criterion is better. 
The overdiagnosis in older individuals when the fixed 
criterion is used can be associated with unnecessary 
treatments, increased healthcare costs, adverse health 
effects, and failure to investigate other possible reasons 
for the complaints.(4) In one systematic review,(22) 
both criteria appeared to be associated with various 
clinically relevant outcomes and there were no data 
to justify a preference for one criterion over the other.

In regard to lung function, we found that the DLCO 
was lower in the concordant for obstruction category 
than in the discordant for obstruction category, 
although it was comparable between the discordant 
for obstruction category and the concordant for no 
obstruction category. In keeping with our data, other 
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studies have suggested that lung function (FVC, FEV1, 
and the FEV1/FVC ratio) is more well preserved in 
individuals in whom an obstructive pattern is identified 
according to the GOLD criterion and not according to the 
LLN criterion,(23) and that such individuals do not show 
accelerated FEV1 decline.(24) However, the individuals 
in our discordant for obstruction category (GOLD+/
LLN−) also showed some functional characteristics of 
COPD (e.g., higher RV).

Dyspnea is a cardinal symptom of COPD, although it 
is nonspecific and could result from other conditions, 
including heart disease, other lung diseases, and 
physical deconditioning. Some authors have reported 
that respiratory symptoms are less common and that 
potentially significant comorbidities (such as heart 
disease) are more frequent in “discordant obstructive” 
cases.(25) There is evidence suggesting that other 
etiologies should be considered in such cases.(22)

Although we did not thoroughly access comorbidities 
in our sample, we found that the proportion of obese 
individuals was higher in the discordant for obstruction 
category (GOLD+/LLN−), which is in keeping with 
the findings of other studies that reported a higher 
frequency of comorbidities in individuals with discordant 
results for obstruction.(25) However, not all studies have 
detected such a difference.(26)

We were unable to analyze the second discordant for 
obstruction category (GOLD−/LLN+), because none 
of the individuals in our sample fit into that category. 

That is probably a consequence of the fact that we 
included only individuals ≥ 40 years of age, given that 
the GOLD criterion has been shown to underestimate 
airway obstruction in individuals between 20 and 44 
years of age.(5) However, because the diagnosis of 
COPD is based on key indicators in individuals over 40 
years of age and on airway obstruction confirmed by 
spirometry,(1) the underdiagnosis of airway obstruction 
in younger individuals according to the GOLD criterion 
might not be a significant issue.

The present study highlights the debate on how 
to interpret the FEV1/FVC ratio and the meaning 
of discordance between different criteria to define 
obstruction in the COPD diagnosis. We suggest a 
holistic and individualized approach for patients with 
discordant results for obstruction,(27) who should be 
followed closely. Functional, clinical, and radiological 
aspects beyond spirometry should be considered. 
Individuals in the GOLD+/LLN− category in our 
sample had some characteristics of COPD, such as 
dyspnea (mMRC score ≥ 2) and higher RV. However, 
that category could also include some healthy elderly 
individuals and individuals with symptoms due to other 
diseases (such as obesity and cardiovascular disease). 
If only the GOLD criterion is applied, it is more likely 
that patients will undergo unnecessary treatments and 
that other possible reasons for the complaints will go 
undiagnosed. We recommend close follow-up of patients 
with discordant results for obstruction, because it is 
possible that the LLN criterion underdiagnoses COPD 
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 Figure 1. Prevalence of COPD by sex and age group, according to the GOLD and lower limit of normal (LLN) criteria 
(for the post-bronchodilator FEV1/FVC ratio) to define airway obstruction. 

Table 2. Overall agreement and agreement by age group between the GOLD and lower limit of normal criteria to define 
airway obstruction.

Category of agreement Overall Age group (years)
< 70 ≥ 70

(n = 241) (n = 191) (n = 50)
GOLD−/LLN−, n (%) 199 (82.6) 166 (86.9) 33 (66.0)
GOLD+/LLN−, n (%) 19 (7.9) 8 (4.2) 11 (22.0)
GOLD+/LLN+, n (%) 23 (9.5) 17 (8.9) 6 (12.0)
GOLD−/LLN+, n (%) 0 (0.0) 0 (0.0) 0 (0.0)

Level of agreement, κ (95% CI) 0.67 (0.52-0.81) 0.79 (0.64-0.93) 0.42 (0.12-0.72)
GOLD−: FEV1/FVC ratio ≥ 70%; LLN−: FEV1/FVC ratio ≥ LLN; GOLD+: FEV1/FVC ratio < 70%; LLN+: FEV1/FVC ratio < LLN; 
and κ: Cohen’s kappa statistic.
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or identifies only patients with more advanced COPD. 
There is a need for studies focusing on the subgroup 
of patients with FEV1/FVC ratio discordance.

The present study has a number of strengths. We 
included individuals with risk factors for COPD (current 
or former smokers ≥ 40 years of age), thus constructing 
a sample of individuals at higher risk for developing 
smoking-related airway obstruction. Conversely, we 
excluded individuals with other respiratory diseases 
(such as asthma and bronchiectasis) or a history of 
lung resection, all of which can mimic the symptoms 
and lung function alterations of COPD, resulting in 
an overestimation of its prevalence. In addition, we 
assessed symptoms characteristic of COPD. Furthermore, 
we used the GLI 2012 reference equations, which provide 
a robust reference standard. (16) Moreover, bronchodilator 
reversibility testing was performed in all individuals with 
airway obstruction on spirometry, whereas most studies 
of this topic have not included post-bronchodilator 
assessments or have been population-based studies 
that included high proportions of individuals without 
risk factors for COPD (asymptomatic individuals and 
nonsmokers) and also did not include post-bronchodilator 
assessments.

Our study has some limitations. We did not have 
access to data about exposure to harmful agents 
other than tobacco smoke, such as airborne pollutants 
(from household fuel burning, occupational sources, 
and ambient sources), about socioeconomic status, 
or about comorbidities. In addition, bronchodilator 
reversibility testing was performed only in subjects 
with pre-bronchodilator obstruction (FEV1/FVC ratio 
< 70% or < LLN). However, that may not have 
made a significant difference, given that only a small 
proportion (3%) of individuals show obstruction in the 
post-bronchodilator evaluation after showing no airway 
obstruction in the pre-bronchodilator evaluation,(28) 
as well as that pre- and post-bronchodilator airway 
obstruction have been found to predict mortality with 

a similar degree of accuracy.(29) Furthermore, because 
our sample size was calculated to assess the prevalence 
of COPD, the number of individuals in the discordant 
for obstruction category was small. Moreover, we did 
not assess the relationship between airway obstruction 
on spirometry and other COPD outcomes, because we 
had no access to follow-up data. Finally, the reference 
values of the GLI 2012 equations were not applied for 
body plethysmography (which was not evaluable at 
the beginning of the data collection).

In this study, we assessed two different criteria to 
define airway obstruction for the diagnosis of COPD in a 
sample of individuals with risk factors for the disease. We 
documented a higher prevalence of airway obstruction 
when the GOLD criterion was applied than when the 
LLN criterion was applied (17.4% vs. 9.5%). The overall 
level of agreement between the two criteria was good, 
although it was lower in the older subjects. The use of 
different criteria to define airway obstruction seems 
to identify individuals with different characteristics. 
It is essential to understand the clinical meaning of 
discordance between such criteria. Until more data 
are available, we recommend a holistic, individualized 
approach to, as well as close follow-up of, patients with 
discordant results for airway obstruction.
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