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ABSTRACT
Background  Different airflow limitation criteria 
are often used to diagnose COPD. We investigated 
head-to-head whether Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) (FEV1/FVC <0.70) 
and four lower limit of normal (LLN) (FEV1/FVC <LLN) 
criteria to diagnose airflow limitation differ in identifying 
individuals at risk of COPD exacerbations and mortality.
Methods  108 246 individuals aged 20–100 years 
randomly selected from the general population were 
followed from 2003 through 2018 to determine risk of 
COPD exacerbations, respiratory mortality and all-cause 
mortality. LLN criteria used equations from Global 
Lung Initiative (GLI), National Health and Nutrition 
Examination Survey (NHANES), European Community for 
Steel and Coal (ECSC) and Copenhagen City Heart Study 
(CCHS)/Copenhagen General Population Study (CGPS).
Results  Prevalence of airflow limitation was 17% for 
GOLD, 8.6% for GLI, 10% for NHANES, 8.2% for ECSC 
and 14% for CCHS/CGPS. During 14.4 years follow-up, 
we observed 2745 COPD exacerbations, 762 respiratory 
deaths and 10 338 all-cause deaths. Comparing 
individuals with versus without airflow limitation, HRs 
for COPD exacerbations were 17 (95% CI 14 to 20) for 
GOLD, 21 (18 to 24) for GLI, 20 (17 to 23) for NHANES, 
21 (18 to 24) for ECSC and 18 (16 to 21) for CCHS/
CGPS. Corresponding HRs for respiratory mortality 
were 3.7 (3.1 to 4.3), 6.4 (5.6 to 7.5), 5.7 (4.9 to 6.6), 
6.2 (5.3 to 7.2) and 4.5 (3.9 to 5.2), and for all-cause 
mortality 1.5 (1.4 to 1.5), 1.9 (1.8 to 2.0), 1.8 (1.7 to 
1.9), 1.9 (1.8 to 2.0) and 1.7 (1.6 to 1.7), respectively. 
Differences in Harrell’s C were minute for these 
outcomes; nonetheless, Harrell’s C was slightly higher for 
LLN criteria compared with GOLD for mortality outcomes.
Conclusions  The prevalence of airflow limitation 
ranged from 8% to 17% using GOLD and four different 
LLN criteria; however, identified individuals with the five 
different criteria had similar risk of COPD exacerbations 
and mortality.

INTRODUCTION
Different airflow limitation criteria are often used 
indiscriminately to diagnose COPD, that is, without 
careful judgement of the evidence for clinical 
usefulness of the various criteria. Currently, airflow 
limitation defined as a fixed ratio of FEV1/FVC 
<0.70 is recommended to confirm the diagnosis of 
COPD according to Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) in subjects with 

respiratory symptoms and a relevant exposure.1 
However, airflow limitation according to lower 
limit of normal (LLN), defined as FEV1/FVC <5th 
percentile of the predicted value for FEV1/FVC, has 
alternatively been recommended to identify suscep-
tible individuals at risk of developing COPD later 
in life by proposing an operational definition of 
early COPD.2–6 Recently, we found that 15% fulfil 
criteria of early COPD in the general population, 
defined as FEV1/FVC <LLN in individuals aged 
<50 years with smoking exposure ≥10 pack-years, 
and individuals with early COPD had an increased 
risk of acute respiratory hospitalisations and early 
death.7 Furthermore, we recently also showed that 
young and middle-aged adults with airflow limita-
tion according to LLN but not fixed ratio according 
to GOLD had an increased risk of respiratory and 
cardiovascular morbidity and early death.8

Airflow limitation according to LLN is often 
defined using different lung function reference 
equations due to lack of standardisation. That 

Key messages

What is the key question?
►► Do Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) and four lower limit 
of normal (LLN) criteria to diagnose airflow 
limitation differ in identifying individuals at 
risk of COPD exacerbations and mortality in 
individuals in a contemporary population-based 
cohort?

What is the bottom line?
►► Individuals had similar risk of COPD 
exacerbations and mortality according to 
GOLD and four different LLN criteria for airflow 
limitation, although the prevalence of airflow 
limitation by these definitions varied from 8% 
to 17%. Among LLN criteria, locally derived 
criteria seem optimal for identifying high-risk 
individuals.

Why read on?
►► This is the first study that has investigated 
differences between various LLN criteria 
relative to GOLD criteria to diagnose airflow 
limitation against clinical outcomes of COPD in 
the general population.
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Chronic obstructive pulmonary disease

said, major efforts were made towards standardisation with the 
Global Lung Initiative (GLI) lung function reference equations,9 
which is now accepted as the standard given the comprehensive-
ness of the sampling and analyses underlying the derivation of 
the equations. Nonetheless, no study has investigated differences 
between various LLN criteria relative to GOLD criteria to diag-
nose airflow limitation against clinical outcomes of COPD.10

We investigated head-to-head whether GOLD and four LLN 
criteria to diagnose airflow limitation differ in identifying indi-
viduals at risk of COPD exacerbations and mortality in individ-
uals in a contemporary population-based cohort.

METHODS
Study population
We examined individuals aged 20–100 years from the Copen-
hagen General Population Study (CGPS), a Danish contem-
porary population-based cohort initiated in November 2003 
with ongoing enrolment.11 In the present study, we included 
108 246 individuals recruited up to April 2015 with complete 
information on lung function. In Denmark, all individuals are 
assigned a unique identification number at birth or immigra-
tion (Central Person Registration number) and recorded in the 
national Danish Civil Registration System. Individuals living in 
the Capital Region of Denmark were randomly invited from the 
national Danish Civil Registration System to reflect the adult 
white Danish population (response rate 43%); non-responders 
were more likely men (48% vs 45%) and slightly younger 
(median age: 56 vs 58 years). All participants completed a 
comprehensive questionnaire and underwent a physical health 
examination. Questionnaires were reviewed at the day of atten-
dance by a healthcare professional together with the participant. 
All individuals provided written informed consent.

Airflow limitation
Detailed description of lung function measurement is provided in 
the online supplementary material. In brief, spirometry measured 
prebronchodilator FEV1 and FVC.12 Predicted values for FEV1/
FVC were calculated according to (1) GLI derived reference 
equations.9 (2) The National Health and Nutrition Examination 
Survey (NHANES) derived reference equations.13 (3) The Euro-
pean Community for Steel and Coal (ECSC) derived reference 
equations.14 (4) The Copenhagen City Heart Study (CCHS)/
CGPS derived reference equations (a subset of 716 individuals 
from CCHS and 10 572 individuals from CGPS were previously 
included in the derivation of the equations).12 Airflow limita-
tion was defined according to a fixed ratio, that is FEV1/FVC 
<0.70, denoted as GOLD,1 and according to four LLN criteria, 
that is, FEV1/FVC <LLN, denoted as GLI, NHANES, ECSC and 
CCHS/CGPS, respectively. The LLN was defined as the bottom 
fifth percentile of the predicted value for FEV1/FVC, calculated 
as the mean value minus 1.645 SD.15 GOLD recommends use of 
postbronchodilator airflow limitation to diagnose COPD.1 Since 
postbronchodilator spirometry was not performed in the present 
study, a slight modification of the GOLD criterion was a neces-
sity. Nonetheless, we were also interested in whether prebron-
chodilator airflow limitation could identify individuals at risk of 
COPD exacerbations and mortality, as spirometry in general is 
underused in clinical practice,16 and if spirometry is used, post-
bronchodilator measurements are often omitted.

Other characteristics
Description of other characteristics is provided in the online 
supplementary material.

COPD exacerbations, respiratory mortality and all-cause 
mortality
COPD exacerbations (International Classification of Diseases 
(ICD)−10: J41-J44) were defined as acute emergency depart-
ment visits and/or hospitalisations with the mentioned primary 
discharge diagnosis. Information was obtained from the national 
Danish Patient Registry, which covers all public and private 
hospitals in Denmark, recorded from baseline until 10 April 
2018. Information on vital status was obtained from the national 
Danish Civil Registration System, which contains date of death 
and emigration for all residents in Denmark, recorded from 
baseline until 19 April 2018. Information on cause of death was 
obtained from the national Danish Causes of Death Registry, 
which contains causes of death for all residents in Denmark, 
recorded from baseline until 31 December 2016. Death due to 
respiratory disease (ICD-10: J00-J99) was based on the primary 
cause of death. Since COPD is under-reported on death certif-
icates in the national Danish Causes of Death Registry,17 we 
have deliberately chosen not to restrict on death due to COPD 
alone. Since the national Danish Causes of Death Registry lags 
the national Danish Civil Registration System by approximately 
1 year, not all deaths could be classified by cause. As follow-up 
was done using the above-mentioned register linkage based on 
the unique Central Person Registration number provided to 
everyone in Denmark at birth or immigration, no person was 
lost to follow-up, and individuals who emigrated were censored 
at the date of emigration (n=452). All diagnoses recorded in 
the registries are strictly made by a medical doctor at discharge 
or death according to national Danish law using the WHO’s 
ICD-codes.

Statistical analyses
Cox proportional regression models were used to determine 
risk of COPD exacerbations, respiratory mortality and all-
cause mortality. We used age as the underlying timescale (=age 
adjusted) and also adjusted for sex with left truncation (=delayed 
entry) at study examination. On purpose, we did not adjust for 
other covariates, as our aim was to imitate clinical practice, 
and not exclude confounders. Risk of COPD exacerbations 
was investigated using multiple failure-time analysis according 
to the method of Andersen-Gill.18 To avoid counting a single 
event multiple times, we chose that individuals experiencing 
an acute emergency department visit or hospitalisation had to 
be clinically stable for at least 4 weeks after discharge before 
they could be considered at risk again for a subsequent event, 
in accordance with recommendations.19–21 Risk of respiratory 
and all-cause mortality was investigated using single failure-time 
analysis. Age differences between airflow limitation diagnosis 
by different LLN criteria were visualised through local poly-
nomial smooth plots of LLN for FEV1/FVC. Differences in the 
predictive capability by the different airflow limitation criteria 
and its clinical significance was investigated by determining 
the discriminative accuracy for an outcome using Harrell’s C 
statistic, a goodness-of-fit measure for predictive models with 
censoring;22 23 in this regard, risk of COPD exacerbation was 
investigated using single failure-time analysis. Area-proportional 
Venn diagrams were used to visualise overlaps between individ-
uals diagnosed with different airflow limitation criteria. Due to 
the recently proposed operational definition of early COPD, 
we also investigated differences in airflow limitation criteria in 
young versus old individuals using age 50 years as cut-off.3 Other 
subgroup analyses included those with low versus high tobacco 
consumption and those with versus without chronic respiratory 
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Figure 1  Prevalence of airflow limitation and risk of COPD exacerbations and mortality by airflow limitation using different criteria in individuals 
in the general population. Risk estimates obtained from Cox proportional regression models adjusted for age and sex. Based on 108 246 individuals 
from the CGPS. CCHS, Copenhagen City Heart Study; CGPS, Copenhagen General Population Study; ECSC, European Coal and Steel Community; 
GLI, Global Lung Initiative; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LLN, lower limit of normal; NHANES, National Health and 
Nutrition Examination Survey.
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Chronic obstructive pulmonary disease

symptoms due to risk of potential overestimation and underesti-
mation in clinical practice.

Our main analysis included all individuals, as smoking is not 
the only risk factor for COPD.24 In a sensitivity analysis, we 
investigated the risk in a more clinically defined study popula-
tion, that is, current and former smokers reporting at least one 
chronic respiratory symptom in the form of dyspnoea, chronic 
mucus hypersecretion, wheezing and/or cough. This is also a 
sensitivity analysis related to exclusion of healthy asymptom-
atic never-smoking individuals like those that were previously 
included in the derivation cohort of reference equations for 
CCHS/CGPS. In another sensitivity analysis, we excluded indi-
viduals with asthma. Analyses were performed using STATA/SE 
V.13.1 for Windows (StataCorp, College Station, Texas, USA), 
and a two-sided value of p<0.05 was considered statistically 
significant.

RESULTS
GOLD versus four LLN criteria using prebronchodilator 
spirometry
In 108 246 individuals from the general population, 18 111 
(17%) had airflow limitation according to GOLD, 9308 (8.6%) 
according to GLI, 11 221 (10%) according to NHANES, 8855 
(8.2%) according to ECSC and 15 529 (14%) had airflow limita-
tion according to CCHS/CGPS (figure 1, upper panel). Overall, 
compared with GOLD, all criteria based on LLN identified more 
individuals with airflow limitation at younger age and fewer indi-
viduals at older age; however, differences could also be observed 
between the different LLN criteria (figure 2 and online supple-
mentary figure S1). Regardless of the chosen criteria, individuals 

identified with airflow limitation had a higher prevalence of 
chronic respiratory symptoms and smoking with high tobacco 
consumption compared with those without airflow limitation 
(table 1). Also, the distribution of airflow limitation severity was 
similar between GOLD and four LLN criteria (online supple-
mentary table S1).

During up to 14.4 years of follow-up (median: 8.7 years), 
we observed 2745 COPD exacerbations and 10 338 deaths, of 
which 762 had respiratory disease as the primary cause. Individ-
uals with airflow limitation according to GOLD or one of the 
four LLN criteria had increased risk of COPD exacerbations, 
respiratory mortality and all-cause mortality compared with 
those without airflow limitation (figure  1, middle and lower 
panels). Compared with individuals without airflow limitation, 
age and sex adjusted HR for COPD exacerbations in individuals 
with airflow limitation was 17 (95% CI 14 to 20) according to 
GOLD, 21 (95% CI 18 to 24) according to GLI, 20 (95% CI 17 
to 23) according to NHANES, 21 (95% CI 18 to 24) according 
to ECSC and 18 (95% CI 16 to 21) according to CCHS/CGPS. 
Corresponding HRs for respiratory mortality were 3.7 (95% CI 
3.1 to 4.3), 6.4 (95% CI 5.6 to 7.5), 5.7 (95% CI 4.9 to 6.6), 
6.2 (95% CI 5.3 to 7.2) and 4.5 (95% CI 3.9 to 5.2), and for 
all-cause mortality 1.5 (95% CI 1.4 to 1.5), 1.9 (95% CI 1.8 to 
2.0), 1.8 (95% CI 1.7 to 1.9), 1.9 (95% CI 1.8 to 2.0) and 1.7 
(95% CI 1.6 to 1.7), respectively.

Predictive capability for risk of COPD exacerbation was 
slightly higher for CCHS/CGPS compared with GOLD and the 
other three LLN criteria (all p values<0.05), while GOLD did 
not differ compared with the other three LLN criteria (all p 
values ≥0.05) (online supplementary figure S2, upper panel). 

Figure 2  Prevalence of airflow limitation according to age using different criteria in individuals in the general population. Based on 108 246 
Individuals from the CGPS. CCHS, Copenhagen City Heart Study; CGPS, Copenhagen General Population Study; ECSC, European Coal and Steel 
Community; GLI, Global Lung Initiative; GOLD, Global Initiative for Chronic Obstructive Lung Disease; NHANES, National Health and Nutrition 
Examination Survey.
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Chronic obstructive pulmonary disease

In contrast, predictive capability for risk of respiratory mortality 
and all-cause mortality was slightly lower for GOLD compared 
with the four LLN criteria (all p values<0.05). However, the 
differences in Harrells’ C statistic were small.

Discordance between GOLD and four LLN criteria
Among individuals diagnosed with airflow limitation according 
to GOLD (corresponding to n=18 111), 50% also fulfilled the 
diagnosis of airflow limitation according to GLI (n=9105); 
however, GLI only identified an additional 1.1% with airflow 
limitation (n=203) (figure  3). When GOLD was compared 
with the other three LLN criteria, corresponding proportions 
were 56% (n=10 565) and 3.5% (n=656) for NHANES, 48% 
(n=8745) and 0.6% (n=110) for ECSC, and 74% (n=14 361) 
and 6.1% (n=1168) for CCHS/CGPS.

A direct comparison of GOLD with each of the four LLN 
criteria showed that individuals with airflow limitation according 
to GOLD but not LLN criteria had increased risk of COPD 
exacerbations, respiratory mortality and all-cause mortality 
(figure 4). For the four LLN criteria, only NHANES and CCHS/
CGPS identified additional individuals at risk of COPD exac-
erbations, respiratory mortality and/or all-cause mortality inde-
pendent from GOLD.

Compared with individuals without airflow limitation 
according to GOLD or the four LLN criteria, individuals with 
airflow limitation according to GOLD but not each of the four 
LLN criteria were older with higher tobacco consumption and 
higher prevalence of chronic respiratory symptoms (table  2). 
Correspondingly, individuals with airflow limitation according 
each of the four LLN but not GOLD criteria were younger with 
higher prevalence of asthma and chronic respiratory symp-
toms. Interestingly, while those identified with airflow limita-
tion according to GOLD but not each of the four LLN criteria 
had lower lung function, those identified with airflow limitation 
according each of the four LLN but not GOLD criteria were 
predominantly female.

Discordance between four LLN criteria
A direct comparison of the four LLN criteria showed that 
GLI identified individuals at risk of COPD exacerbations and 
all-cause mortality independent from ECSC and vice versa, 
but not independent from NHANES or CCHS/CGPS (online 
supplementary figure S3). NHANES identified individuals at 
risk of COPD exacerbations, respiratory mortality and all-cause 
mortality independent from GLI and ECSC, but not indepen-
dent from CCHS/CGPS. Finally, CCHS/CGPS identified individ-
uals at risk of COPD exacerbations, respiratory mortality and 
all-cause mortality independent from GLI, NHANES and ECSC.

Age-stratified and other subgroup analyses
Stratified by age, the prevalence of airflow limitation was 6.7% 
according to GOLD, 6.6% according to GLI, 8.2% according 
to NHANES, 5.4% according to ECSC, and 9.4% according to 
CCHS/CGPS for those aged <50 years, and 21% according to 
GOLD, 9.5% according to GLI, 11% according to NHANES, 
9.4% according to ECSC and 16% according to CCHS/CGPS 
for those aged ≥50 years (figure 5, upper panel). Risk of COPD 
exacerbations, respiratory mortality and all-cause mortality 
were similar in individuals <50 years and ≥50 years (figure 5, 
middle and lower panels). The differences in Harrells’ C statistic 
were again small; although, with lower statistical power (online 
supplementary figure S2, middle and lower panels).

Results were similar in a more clinically defined study popu-
lation, that is, current and former smokers reporting at least one 
chronic respiratory symptom in the form of dyspnoea, chronic 
mucus hypersecretion, wheezing and/or cough (compare figure 4 
and online supplementary figure S3 with online supplementary 
figures S4 and S5). Risk estimates were comparable between the 
different airflow limitation criteria in those with low versus high 
tobacco consumption and in those with versus without chronic 
respiratory symptoms (compare figure 1 with online supplemen-
tary figures S6 and S7). Results were also similar when individ-
uals with asthma were excluded (compare figure 4 and figure S3 
with online supplementary figures S8 and S9).

DISCUSSION
Using a large Danish contemporary population-based cohort with 
108 246 randomly sampled individuals with prebronchodilator 

Figure 3  Overlap between individuals in the general population 
diagnosed with airflow limitation according to different criteria. Based 
on 108 246 individuals from the CGPS. CCHS, Copenhagen City Heart 
Study; CGPS, Copenhagen General Population Study; ECSC, European 
Coal and Steel Community; GLI, Global Lung Initiative; GOLD, Global 
Initiative for Chronic Obstructive Lung Disease; NHANES, National 
Health and Nutrition Examination Survey.
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Chronic obstructive pulmonary disease

spirometry, we found that prevalence of airflow limitation 
ranged from 8% to 17% using GOLD and four different LLN 
criteria; however, identified individuals with the five different 
criteria had similar risk of COPD exacerbations and mortality. 
Among LLN criteria, locally derived criteria seem optimal for 
identifying high-risk individuals. To our knowledge, this is the 
first study investigating differences between four LLN criteria 
relative to GOLD criteria for predicting clinical outcomes of 
COPD.

Based on current evidence, using a fixed ratio for the diag-
nosis of clinical COPD in the presence of symptoms and expo-
sure seems reasonable, as individuals diagnosed with airflow 
limitation according to fixed ratio but not LLN experienced an 

increased risk of COPD exacerbations and mortality, as shown 
in the present study and in another recent study.25 26 In addition, 
these individuals seem to have clinical findings compatible with 
COPD.27 28 Thus, choosing LLN instead of fixed ratio for the 
diagnosis of airflow limitation among older individuals may lead 
to potential underdiagnosis of an important clinical group of 
COPD that will likely benefit from preventive treatment. None-
theless, it may be prudent—or even necessary—to combine LLN 
with fixed ratio among younger individuals, as some individuals 
with clinically relevant respiratory disease would be overlooked 
using fixed ratio alone.8

GOLD criteria yielded slightly lower risk estimates for COPD 
exacerbations and mortality compared with the four LLN criteria. 

Figure 4  Direct comparison of GOLD with four LLN criteria to identify individuals in the general population at risk of COPD exacerbations and 
mortality. Risk estimates obtained from Cox proportional regression models adjusted for age and sex. Number of individuals are relative to GOLD. 
The reference group consisted of individuals without airflow limitation according to GOLD and four LLN criteria. Based on 108 246 individuals from 
the CGPS. AFL, airflow limitation; CCHS, Copenhagen City Heart Study; CGPS, Copenhagen General Population Study; ECSC, European Coal and Steel 
Community; GLI, Global Lung Initiative; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LLN, lower limit of normal; NHANES, National 
Health and Nutrition Examination Survey.
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Figure 5  Age-stratified prevalence of airflow limitation and risk of COPD exacerbations and mortality by airflow limitation using different criteria 
in individuals in the general population. Risk estimates obtained from Cox proportional regression models adjusted for age and sex. Based on 108 
246 individuals from the CGPS. CCHS, Copenhagen City Heart Study; CGPS, Copenhagen General Population Study; ECSC, European Coal and Steel 
Community; GLI, Global Lung Initiative; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LLN, lower limit of normal; NHANES, National 
Health and Nutrition Examination Survey.
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A potential explanation may be that the difference in lung func-
tion impairment and symptoms between those with and without 
airflow limitation is less pronounced by using GOLD instead of 
the LLN criteria; that is, GOLD may include more individuals 
with mild disease especially in older individuals compared with 
LLN. However, comparison of the discriminative accuracy for 
risk of COPD exacerbations and mortality between GOLD and 
the four LLN criteria showed small and no clinically important 
difference. Also, as already mentioned, using LLN criteria in 
older individuals may lead to potential underdiagnosis.

Interestingly, the prevalence of airflow limitation varied from 
8% to 14% between the different LLN criteria. During follow-up, 
individuals diagnosed with airflow limitation according to 
CCHS/CGPS but not from GLI, NHANES and ECSC had an 
increased risk of COPD exacerbations, respiratory mortality and 
all-cause mortality compared with those with normal lung func-
tion according to all four LLN criteria, suggesting presence of 
clinically important COPD. In contrast, individuals diagnosed 
with airflow limitation according to GLI, NHANES or ECSC 
and independent from CCHS/CGPS did not differ prognos-
tically compared with those with normal lung function. Thus, 
the locally derived LLN criteria seem to be better at identifying 
high-risk individuals with COPD compared with the other three 
LLN criteria. It is also noteworthy that the largest overlap with 
GOLD of those with airflow limitation was for CCHS/CGPS 
with 74%, as opposed to the other three LLN criteria with 
48%–56% overlap. This suggests that the locally derived LLN 
criteria approximate more nearly to GOLD, which can also be 
observed both when determining prevalence of airflow limita-
tion and risk of COPD exacerbations and mortality. Increase 
in prevalence of airflow limitation with age can be physiologi-
cally explained by the normal age-related decline of FEV1. Since 
GOLD uses a fixed ratio as a cut-off for airflow limitation for all 
age groups, we witness a higher increase in the prevalence using 
GOLD as opposed to the four LLN criteria.

Previous studies have observed discrepancies between 
different lung function reference equations when comparing 
predicted values and prevalence of airflow limitation according 
to LLN.29–34 In a clinical setting, Quanjer and colleagues 
observed that NHANES overestimated the LLN lung function 
in adults aged 20–90 years compared with GLI and ECSC, while 
ECSC underestimated compared with GLI and NHANES until 
age 70 years.34 In addition, GLI had the steepest decline in FEV1/
FVC compared with NHANES and ECSC.30 34 Interestingly, 
similar results could be observed in the present study in a general 
population setting, suggesting that calibration issues need to be 
considered before implementing lung function reference equa-
tions for defining airflow limitation according to LLN.

Strengths of the present study include a large contemporary 
population-based cohort with 108 246 randomly selected indi-
viduals without any losses to follow-up, and with information on 
clinically relevant prognostic outcomes of COPD.

A limitation of the present study is the lack of postbroncho-
dilator spirometry preventing us from classifying the subtype 
of airflow limitation.35 Thus, some may have reversible airflow 
limitation suggesting asthma, and some may have irreversible 
airflow limitation suggesting COPD or asthma-COPD overlap. 
Nonetheless, in sensitivity analyses, results were similar in a 
more clinically defined study population where the majority 
would be expected to have COPD or asthma-COPD overlap.36 
In addition, acute emergency department visit and/or hospital-
isation with a primary diagnosis of COPD in the national Danish 
Patient Registry has previously been shown to have a high 
positive predictive value of 92% for the diagnosis of COPD.37 

It is also reassuring to know that even prebronchodilator 
airflow limitation was associated with important COPD-related 
outcomes irrespective of the applied criterion. However, a single 
spirometric assessment may not be reliable for diagnosing COPD 
in individuals with mild to moderate airflow obstruction.38

Another potential limitation is that we have only investigated 
severe exacerbations of COPD that require emergency depart-
ment visits and/or hospitalisations. Thus, mild to moderate exac-
erbations of COPD that are only treated at home with use of 
reliever medications and/or at the general practitioner’s office 
will be undetected.

Furthermore, since an exacerbation is a clinical diagnosis very 
much relying on the treating medical doctor, and the criteria 
used for the diagnosis and treatment in individual patient 
cases are unknown, we cannot exclude potential misclassifi-
cation. To reduce potential misclassification, we have deliber-
ately only chosen primary discharge diagnoses with COPD as 
events. However, as the majority of individuals with COPD is 
undiagnosed, as previously reported in the Copenhagen General 
Population Study,11 we believe that such a misclassification 
likely will be non-differential and therefore bias towards the 
null-hypothesis.

Another potential limitation is that we only studied white 
individuals and may be limited in generalisability to other ethnic-
ities. Lastly, we had a response rate of 43%, and since responders 
compared with non-responders were younger, we have likely 
underestimated the prevalence of airflow limitation and risk of 
clinical outcomes of COPD.

Clinical implications of the present study relate to diagnosis of 
airflow limitation. Airflow limitation according to LLN in early 
adulthood has been suggested to identify susceptible individuals 
at risk of developing COPD later in life.3 Choosing inappropriate 
lung function reference equations could misclassify individuals 
with early airflow limitation and close a window of opportunity 
for preventive measures.

In conclusion, prevalence of airflow limitation ranged from 
8% to 17% using GOLD and four different LLN criteria; 
however, identified individuals with the five different criteria 
had similar risk of COPD exacerbations and mortality. Among 
LLN criteria, locally derived criteria seem optimal for identi-
fying high-risk individuals.
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