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Abstract
Background Chronic obstructive pulmonary disease (COPD) is commonly diagnosed when the airflow
limitation is well established and symptomatic. We aimed to identify individuals at risk of developing
COPD according to the concept of pre-COPD and compare their clinical characteristics with 1) those who
have developed the disease at a young age, and 2) the overall population with and without COPD.
Methods The EPISCAN II study is a cross-sectional, population-based study that aims to investigate the
prevalence of COPD in Spain in subjects ⩾40 years of age. Pre-COPD was defined as the presence of
emphysema >5% and/or bronchial thickening by computed chromatography (CT) scan and/or diffusing
capacity of the lung for carbon monoxide (DLCO) <80% of predicted in subjects with respiratory symptoms
and post-bronchodilator forced expiratory volume in 1 s/forced vital capacity (FEV1/FVC) >0.70. Young
COPD was defined as FEV1/FVC <0.70 in a subject ⩽50 years of age. Demographic and clinical
characteristics were compared among pre-COPD, young COPD and the overall population with and
without COPD.
Results Among the 1077 individuals with FEV1/FVC <0.70, 65 (6.0%) were ⩽50 years of age. Among
the 8015 individuals with FEV1/FVC >0.70, 350 underwent both DLCO testing and chest CT scanning. Of
those, 78 (22.3%) subjects fulfilled the definition of pre-COPD. Subjects with pre-COPD were older,
predominantly women, less frequently active or ex-smokers, with less frequent previous diagnosis of
asthma but with higher symptomatic burden than those with young COPD.
Conclusions 22.3% of the studied population was at risk of developing COPD, with similar symptomatic
and structural changes to those with well-established disease without airflow obstruction. This COPD at-
risk population is different from those that develop COPD at a young age.

Introduction
Chronic obstructive lung disease (COPD) is a prevalent lung condition traditionally associated with
cigarette smoking that usually remains underdiagnosed or is diagnosed in advanced stages of the disease
process [1, 2]. Noteworthily, most patients are diagnosed in the sixth or seventh decade of life when
symptoms are bothersome or exacerbations appear. We have recently described the prevalence of COPD in
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Spain, where the disease affects 11.8% of adults 40 years and older randomly selected from the general
population [3]. 78% of COPD had not been diagnosed before [3]. The mean age of the COPD population
was 65 years, an age when structural and functional changes in the lungs and other organs affected by the
presence of COPD are mostly irreversible.

For this reason, it has been claimed that we should look at COPD “upstream in the river” [4] and a number
of definitions of early COPD have been proposed [5], aiming to, on the one hand, raise attention to the
early origins of the disease and, on the other hand, point out that we are arriving late to initiate a
disease-modifying therapy for COPD [6] or a preventive measure such as smoking cessation.

However, the search for early identification of those patients at risk of developing COPD remains
controversial. Attempts to define a Global Initiative for Chronic Obstructive Lung Disease (GOLD) “stage
0” based on the symptomatic and healthcare burden of smokers with normal spirometry failed to
demonstrate to be an effective strategy [7]. Nevertheless, a number of cohort studies have found
associations between respiratory symptoms [8] or low diffusing capacity of the lung for carbon monoxide
(DLCO) [9] and the development of COPD. More recently, the concept of pre-COPD, that includes not only
symptoms but also structural or functional abnormalities compatible with those found in COPD, has been
proposed [10] as a risk marker of developing the disease.

A better knowledge of the natural history of the disease should clarify whether the development of COPD
is a continuum that starts at young age in patients with symptoms and no airflow limitation, some of whom
of them will progress to parenchymal abnormalities and airflow obstruction.

We aimed to identify patients at risk of developing COPD according to the concept of pre-COPD in a
large cohort of well characterised patients taken from the general population, and compare their clinical
characteristics with those who have developed the disease at a young age and with the overall population
with or without COPD.

Methods
Population
The EPISCAN II study is a national, multicentre, cross-sectional, population-based epidemiological study
aiming to investigate the prevalence and determinants of COPD in Spain. The protocol, fieldwork and
methods have been described elsewhere [11]. Briefly, the fieldwork was conducted from April 2017 to
February 2019 in 20 teaching hospitals throughout Spain. Subjects from the general population who were
resident in the postal code areas nearest the participating hospitals were selected. The inclusion criteria
were as follows: men or women aged 40 years or older with no physical or cognitive difficulties that
would prevent them from completing spirometry or any of the study procedures. A randomised sample of
400 COPD and 400 non-COPD participants in the short visit from 12 preselected sites were invited to
complete further testing in a long visit, according to quotas of age (10-year strata) and sex. Tests included
single-breath DLCO and computed chromatography (CT) scan of the thorax. The study was approved by
the ethics committees of each of the participating centres and all participants provided informed consent.
The EPISCAN II protocol is registered at https://clinicaltrials.gov (NCT03028207) and at www.
gsk-clinicalstudyregister.com/study/205932.

For the purposes of this pre-specified secondary objective of EPISCAN II, we defined early COPD as
young COPD, meaning a post-bronchodilator forced expiratory volume in 1 s/forced vital capacity (FEV1/
FVC) <0.70 in a subject younger than 50 years. Pre-COPD was defined according to the definition of HAN

et al. [10] as the presence of emphysema >5% and/or presence of bronchial thickening in the CT scan and/
or DLCO <80% of predicted in subjects with respiratory symptoms and a post-bronchodilator FEV1/FVC
>0.70. Bronchial thickening was considered when the measurement of airway thickness at the bronchiole
level was greater than or equal to the highest quartile of the sample. Respiratory symptoms were
considered as the presence of cough and/or phlegm production and/or dyspnoea defined as modified
Medical Research Council (mMRC) score >0 for <80 years of age and >1 for those ⩾80 years old) or a
COPD Assessment Test (CAT) score >10.

Variables and procedures
Demographic information on sex, age, level of education, comorbidities, weight, height and smoking were
collected. Forced spirometry was performed pre- and post-bronchodilation using a pneumotachograph
(Vyntus Spiro, Carefusion, Germany), according to standardised procedures as previously described [5, 9].
Single-breath DLCO (MasterScreen Diffusion, Carefusion, Germany) was measured according to the
American Thoracic Society (ATS)/European Respiratory Society recommendations [12], and adjusted by
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haemoglobin levels and atmospheric pressure. Global Lung Function Initiative equations were used as
reference values [13]. The 6-min walk test was performed following ATS recommendations [14] and the
BODE (body mass index, airflow obstruction, dyspnoea and exercise) index [15] was calculated
accordingly. CT images were acquired during maximal inspiration, without contrast and with low-dose
radiation, and 120 kV peak as the acquisition voltage. The images obtained underwent semi-automatic
post-processing for determination of the percentage of emphysema, areas of extension, airway thickness,
other measurements, and lung parenchyma attenuation and airway wall thickness, as previously described.

For the diagnosis of respiratory symptoms, the answers to the European Coal and Steel Community
questionnaire were used [16]. The diagnosis of cough was considered when the participant answered yes to
any of the cough-related questions of the questionnaire. Specific questions for dyspnoea and chronic
bronchitis were included. The degree of dyspnoea was evaluated by the mMRC dyspnoea scale [17].
Health status was assessed by the CAT questionnaire [18]. The comorbidities were quantified by the
Charlson and the COPD-specific comorbidity test (COTE) indices [19, 20]. Exacerbations in the previous
year requiring the use of antibiotics and/or corticosteroids and the need for emergency visits or hospital
admissions were recorded.

Statistical analysis
Categorical variables were presented as n (%), and continuous variables as mean±SD or median
(interquartile range (IQR)), according to their distribution. The characteristics of the subgroups defined
(pre-COPD and young COPD) have been compared using Student’s t-test, the Mann–Whitney U-test or
the χ2 test. In the case of the comparison between COPD, non-COPD and the subgroups defined, ANOVA
and χ2 were used. Data were analysed with the Statistical Analysis System Enterprise Guide 7.15,
considering a statistical significance (p-value) of 0.05 for all comparisons.

Results
The EPISCAN II population included 9092 subjects who were able to perform a valid spirometry. Of
those, 728 (8.0%) subjects underwent DLCO measurement and 668 (7.3%) chest CT scanning. As
previously shown, 11.8% of the EPISCAN II population fulfilled criteria for COPD (figure 1).

EPISCAN II

population

9092

Non-COPD

8015 (88.2%)

DLCO and/or CT scan

350 (4.3%)

COPD

1077 (11.8%)

Pre-COPD

78 (22.3%)

Non-COPD

263 (75.1%)

COPD >50 years

1012 (94%)

Young COPD

65 (6%)

DLCO or CT scan not available

7665

Incomplete data set

9 (2.6%)

FIGURE 1 Flowchart of participants included in the analysis. DLCO: diffusing capacity of the lung for carbon
monoxide; CT: computed tomography.
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Prevalence of young COPD
Among the 1077 individuals with a post-bronchodilator FEV1/FVC <0.70, 65 were ⩽50 years of age (6%
of the COPD population). Individuals had a mean±SD age of 45.8±2.6 years and 65% of them were
symptomatic, as previously defined by the presence of cough with phlegm production or dyspnoea or
CAT ⩾10.

Prevalence of pre-COPD
Among the 8015 individuals with a post-bronchodilator FEV1/FVC >0.70 in a valid spirometry, 350
(4.4%) underwent both DLCO testing and chest CT scanning. Of those, 148 (42.3%) were symptomatic, 51
(14.6%) had a DLCO <80% of predicted, 101 (28.9%) had >5% emphysema and 40 (11.4%) had bronchial
diameter >1.13 mm (value of the highest quartile) on chest CT scan. 78 (22.3%) subjects fulfilled the
pre-specified definition of pre-COPD (figure 2).

Characteristics of pre-COPD versus young COPD
When comparing individuals with pre-COPD with those with young COPD, there were distinctions
between these two (table 1): pre-COPD individuals were older, with median (IQR) age of 65 (54–72)
versus 46 (43–48) years (p<0.0001) respectively, and less frequently active or ex-smokers (57.6% versus
80%, p=0.0002), but with higher symptomatic burden as per mMRC dyspnoea scale ⩾1 (61.5% versus
35.4%, p=0.01) (table 1 and figure 3) or CAT (11.3 versus 9.1, p=0.03).

A previous diagnosis of asthma was reported by the patient in 29.2% versus 6.4% and median blood
eosinophil count was higher (233 versus 158 cells per μL) in the young COPD group compared to
pre-COPD respectively (table 2). However, only 5.1% of pre-COPD patients were receiving treatment with
short-acting β-agonist or inhaled corticosteroids, whereas 26.2% and 15.4% of young COPD were
receiving them, respectively. No statistically significant differences were found in the history of
exacerbations in the previous year, that tended to be higher in the young COPD group compared to
pre-COPD group (7.7% versus 2.6%, p=0.15) (figure 3).

Characteristics of pre-COPD compared to the overall COPD and non-COPD population
When comparing the patients fulfilling the criteria of pre-COPD with the overall COPD population and the
non-COPD (and non-pre-COPD) population, pre-COPD patients were more frequently female than the
COPD population, with younger age and were less frequently smokers or ex-smokers, but had similar
symptomatic burden measured by mMRC dyspnoea (table 1 and figure 3). Pre-COPD and COPD had

Emphysema >5%

19

Bronchial 

thickening >1.13

23

DLCO <80% of predicted

12

12

Symptomatic patients n=148

7
4

1

FIGURE 2 Proportional Venn diagram of COPD trait sub-populations. DLCO: diffusing capacity of the lung for
carbon monoxide.
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TABLE 1 Differential demographic and clinical characteristics of young COPD (YC) and pre-COPD (PC) subjects compared to COPD (C) and non-COPD (NC) populations

C YC PC NC p-value

C versus YC NC versus YC C versus PC NC versus PC PC versus YC

Subjects 1012 65 78 263
General characteristics
Age, years, mean±SD, median
(interquartile range)

67.8±9.9,
68.0 (59.0–75.0)

45.8±2.6,
46.0 (43.0–48.0)

63.5±11.6,
65.0 (54.0–72.0)

59.3±10.1,
59.0 (51.0–67.0)

<0.0001 <0.0001 0.003 0.0002 <0.0001

Females 418 (41.3%) 30 (46.2%) 44 (56.4%) 163 (62.0%) 0.44 0.02 0.009 0.37 0.22
BMI, kg·m−2 27.4±4.6 27.4±7.0 28.0±4.8 26.7±4.5 0.88 0.49 0.31 0.06 0.52

Smoking status 0.004 <0.0001 0.009 0.59 0.0002
Active smokers 301 (29.7%) 32 (49.2%) 14 (17.9%) 58 (22.1%)
Former smokers 433 (42.8%) 20 (30.8%) 31 (39.7%) 90 (34.2%)
Never-smokers 278 (27.5%) 13 (20%) 33 (42.3%) 115 (43.7%)

Smoking exposure, pack-years 29.2±30.1 22.2±21.35 18.5±25.6 13.1±17.9 0.06 0.0005 0.002 0.04 0.35
Education level 0.15 0.03 0.23 0.27 0.56
No studies 41 (4.1%) 0 1 (1.3%) 2 (0.8%)
Primary education 270 (26.7%) 14 (21.5%) 17 (21.8%) 52 (19.8%)
Secondary education 243 (24.0%) 19 (29.3%) 17 (21.8%) 45 (17.1%)
University or vocational
training

454 (44.9%) 31 (47.7%) 42 (53.8%) 164 (62.4%)

Clinical characteristics
mMRC dyspnoea scale 0.14 0.0009 0.32 <0.0001 0.01
Grade 0 499 (49.2%) 42 (64.6%) 30 (38.5%) 223 (84.8%)
Grade 1 355 (35.1%) 18 (27.7%) 36 (46.2%) 36 (13.7%)
Grade 2 113 (11.2%) 3 (4.6%) 9 (11.5%) 3 (1.1%)
Grade 3 39 (3.9%) 2 (3.1%) 3 (3.8%) 1 (0.4%)
Grade 4 6 (0.6%) 0 0 0

CAT 9.1±6.8 9.1±6.4 11.3±6.1 5.7±5.1 0.98 <0.0001 0.004 <0.0001 0.03
Cough and phlegm# 621 (66.3%) 37 (58.7%) 78 (100.0%) 70 (28.0%) 0.21 <0.0001 <0.0001 <0.0001 <0.0001
Asthma 163 (16.1%) 19 (29.2%) 5 (6.4%) 24 (9.1%) 0.006 <0.0001 0.02 0.45 0.0003
Charlson Comorbidity Index 0.7±1.1 0.6±1.7 0.5±0.9 0.3±0.8 0.71 0.01 0.22 0.01 0.63
COTE index 1.2±2.4 1.4±2.8 1.7±2.8 0.9±2.1 0.44 0.12 0.10 0.01 0.62
Exacerbations last year 114 (11.3%) 5 (7.7%) 2 (2.6%) 9 (3.4%) 0.37 0.12 0.01 0.70 0.15

Treatments
Any respiratory treatment 641 (63.3%) 28 (43.1%) 39 (50.0%) 86 (32.7%) 0.001 0.11 0.01 0.005 0.40
Treatment with short-acting
β-agonist

251 (24.8%) 17 (26.2%) 4 (5.1%) 8 (3.0%) 0.80 <0.0001 <0.0001 0.37 0.0004

Treatment with
anticholinergics

159 (15.7%) 4 (6.2%) 2 (2.6%) 5 (1.9%) 0.03 0.06 0.001 0.71 0.28

Treatment with inhaled
corticosteroids

189 (18.7%) 10 (15.4%) 4 (5.1%) 9 (3.4%) 0.50 0.0002 0.002 0.48 0.03

Data are presented as mean±SD or n (%), unless otherwise stated. BMI: body mass index; mMRC: modified Medical Research Council; CAT: COPD Assessment Test; COTE: COPD-specific
comorbidity test. #: European Coal and Steel Community questionnaire.
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similar burdens of comorbidities with higher Charlson and COTE indices than the control population.
Also, both pre-COPD and COPD patients had impaired exercise capacity measured by the 6-min walk
test, with similar emphysema and lower DLCO (table 2). Pre-COPD also showed a higher bronchiole
thickness than the control group. However, the pre-COPD group was similar to the control population
without COPD in spirometric parameters, blood eosinophil counts, and history of asthma or use of
respiratory medication.

Characteristics of young COPD compared to the overall COPD and non-COPD populations
Patients with COPD younger than 50 years, compared to a population without criteria for COPD nor
pre-COPD, were more frequently males, more frequently active or former smokers, with more symptomatic
burden measured by mMRC dyspnoea and CAT scores, had more comorbidities measured by means of the
Charlson and COTE indices, and suffered more exacerbations (table 1 and figure 3). They more frequently
reported a past medical history of asthma and showed higher blood eosinophil counts than controls.

In comparison with the overall COPD population, young COPD patients had similar airflow limitation, and
similar symptomatic and exacerbation burden, despite having better exercise capacity and therefore lower
BODE index scores. Young COPD patients were less frequently treated with anticholinergics than the
overall COPD population.

Discussion
Three important messages should be taken from this research: first, we have shown, for the first time, that
22.3% of a subsample of the general population would qualify for the definition of pre-COPD, and this
has important implications in terms of symptoms and health status in this untreated population. Second, we
have also shown that 6% of the population that fulfils the criteria for a diagnosis of COPD are younger
than 50 years, but this young COPD population has similar symptomatic, exacerbation and comorbidity

TABLE 2 Differential functional, inflammatory and imaging characteristics of young COPD (YC) and pre-COPD (PC) subjects compared to COPD (C)
and non-COPD (NC) populations

C YC PC NC p-value

C
versus YC

NC
versus YC

C
versus PC

NC
versus PC

PC
versus YC

Subjects 1012 65 78 263
Lung function
FVC, % of
predicted

99.3±18.5 99.8±14.8 101.2±16.5 104.9±13.3 0.83 0.02 0.39 0.11 0.60

FEV1, % of
predicted

80.6±18.8 80.3±16.2 103.6±18.0 105.3±13.7 0.08 <0.0001 <0.0001 0.33 <0.0001

6MWT distance, m 477.1±108.1 525.5±121.0 467.3.0±114.8 527.2±87.8 0.09 0.94 0.47 <0.0001 0.07
DLCO, % of
predicted

88.6±23.1 108.9±19.5 90.9±19.4 101.5±17.4 0.001 0.11 0.40 <0.0001 0.001

BODE index# 1.5±1.2 1.1±0.8 1.4±0.9 0.9±0.4 0.13 0.30 0.24 <0.0001 0.22
BODEx index¶ 1.4±1.0 1.3±0.9 1.2±0.6 0.9±0.3 0.19 <0.0001 0.01 <0.0001 0.31

Biomarkers
Eosinophils per μL 191±123,

175 (101–249)
233±169,

182 (168–227)
158±95,

140 (89–215)
159±120,

128 (88–198)
0.22 0.02 0.03 0.98 0.02

CRP, mg·dL−1 1.9±4.0,
0.4 (0.1–2.0)

2.1±4.1,
0.2 (0.1–1.0)

1.6±2.8,
0.6 (0.1–1.5)

1.3±2.7,
0.4 (0.1–1.1)

0.93 0.33 0.46 0.43 0.60

Fibrinogen, g·L−1 3.9±0.9,
3.7 (3.3–4.5)

3.3±0.8,
3.0 (2.7–4.0)

3.9±1.1,
3.9 (3.2–4.5)

3.7±0.8,
3.6 (3.1–4.3)

0.02 0.07 0.995 0.10 0.04

Imaging
Emphysema >5% 160 (59.7%) 3 (27.3%) 39 (50.0%) 55 (20.9%) 0.03 0.61 0.12 <0.0001 0.15
Bronchiole
thickness, mm

1.1±0.1,
1.1 (1.0–1.1)

1.1±0.1,
1.1 (1.1–1.2)

1.1±0.2,
1.1 (1.0–1.2)

1.0±0.2,
1.1 (1.0–1.1)

0.67 0.21 0.03 0.0001 0.69

Data are presented as mean±SD or mean±SD, median (interquartile range), unless otherwise stated. FVC: forced vital capacity; FEV1: forced expiratory
volume in 1 s; 6MWT: 6-min walk test; DLCO: diffusing capacity of the lung for carbon monoxide; BODE: body mass index, obstruction, dyspnoea,
exercise; BODEx: simplified BODE; CRP: C-reactive protein; IQR: interquartile range. #: out of 10; ¶: out of 9.
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burden than the overall older COPD population. Third, the pre-COPD population appears different from
those that develop COPD at a young age.

Interpretation of novel findings
In this population-based study we have identified, within a randomised subgroup who underwent CT
scanning and DLCO measurement, that 22.3% of this population have symptoms, reduced exercise capacity,
emphysema and small airway thickness similar to the population with COPD despite not fulfilling
spirometric criteria for COPD. This population is likely to be at high risk of developing COPD and its
consequences but we are not detecting them in a timely manner, which reflects a limitation of spirometry
as a screening tool. Interestingly enough, we have also shown that 6% of the population with COPD are
younger than 50 years and they have a well-established disease with similar health-related outcomes to the
older COPD population. Noteworthily, it is not possible to assume that the pre-COPD condition evolves to
young COPD, since pre-COPD subjects were older, predominantly women with less smoking burden
despite similar symptomatic and DLCO or structural impairment to the young COPD population.

Previous studies
MARTINEZ et al. [21] proposed the name “early COPD” for those patients younger than 50 years with
chronic airflow limitation and evidence of structural or progressive functional impairment such as visual
emphysema, air trapping and bronchial thickening. SORIANO et al. [5] included the concept of disease
activity as part of the concept of early COPD in an attempt to include exacerbations as part of the patient
at risk profile. However, as GOLD update of 2022 underlines, early means “near the beginning of a
process” and because COPD may start early in life and takes a long time to be clinically manifested,
determining if someone really suffers “early” COPD is challenging; therefore, it is more appropriate to
label them as “young COPD” [1].

A recent prospective, multicentre, case–control study [22, 23, 24] aimed to describe the characteristics of
young COPD (defined only by age <50 years) that included smokers of >10 pack-years with or without
post-bronchodilator FEV1/FVC <0.70, found that these young COPD patients already had moderate airflow
limitation and were often symptomatic, used healthcare resources frequently, had air trapping and reduced
diffusing capacity, and had frequent evidence of emphysema by CT (61%). Notably, less than half of cases
(46%) had been previously diagnosed with COPD. These observations were reproduced in the ECLIPSE
and COPDGene cohorts [23]. ÇOLAK et al. [25] also found that among individuals under 50 years of age
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FIGURE 3 Differential clinical characteristics among subjects classified as young COPD (n=65) or pre-COPD
(n=78) compared to COPD (n=1012) and non-COPD (n=263) in the general population. Data on clinical
characteristics were collected in >95% of individuals per group. “Exacerbations last year” accounts for at least
one exacerbation requiring antibiotics, oral steroids or an emergency visit in the previous 12 months. CAT:
COPD Assessment Test.
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with 10 pack-years or greater of tobacco consumption from the general population, 15% fulfilled the
criteria of early COPD. Individuals with early COPD more often had chronic respiratory symptoms and
severe lung function impairment, and an increased risk of acute respiratory hospitalisations and early death.
Depending on amount of smoking exposure, 24% of young adults in the general population with early
COPD develop clinical COPD 10 years later [26].

Previous attempts to identify individuals at risk of developing COPD have rendered different results. The
COPDgene study found that 43% of smokers with normal FEV1/FVC ratio had airwall thickening or
emphysema on CT and 23% had mMRC dyspnoea scores ⩾2, and these patients had reduced exercise
capacity and increased exacerbation-like events [27]. In addition, in SPIROMICS, nearly 50% of smokers
with normal spirometry had similar symptomatic burden to those with COPD with mild or moderate
airflow limitation [28]. A proportion of these symptomatic smokers also showed airway wall thickening on
CT similar to our results.

The importance of symptoms without obstruction led to the concept of “GOLD 0” or “COPD at risk”, and
many studies have shown that a proportion ranging from 11.6% to 20.5% of these individuals develop
COPD during follow-up [29, 30]. This at-risk status of GOLD 0 was initially considered but later
abandoned, because the proportion of individuals that progressed to COPD was considered low and not
different from those who were not considered as GOLD 0 [10]. Noteworthily, we have been more precise
than the proposal of pre-COPD in defining a symptom threshold using CAT and mMRC scores adjusted
by age, since we have previously shown that this may imply an impact on mortality [17].

Other markers of risk for developing COPD have been previously explored, like physiological
measurements or imaging. A reduced single-breath DLCO (<80% of predicted) in active smokers with
normal spirometry followed over 45 months was found to be associated to a higher incidence of
GOLD-defined COPD compared to those with normal DLCO (22% versus 3%, respectively) [9]. Our
population with pre-COPD had reduced DLCO to a similar extent as the whole COPD population, which
supports the hypothesis that these individuals are more prone to develop GOLD-defined COPD.

Imaging is another way to identify patients at risk for developing GOLD-defined COPD. In different trials
using CT scan for screening of lung cancer, smokers with no evidence of airflow limitation at baseline
who developed COPD during follow-up had more emphysema on CT [31, 32]. In addition, increased
airway thickness measured by CT in those trials was significantly (and independently from the presence of
emphysema) associated with incident COPD [33]. In keeping with these previous findings, our data
support the importance of imaging in the new category of pre-COPD, showing a similar extent of
emphysema and increased airway thickness to the COPD population. We used 5% quantified emphysema
as a threshold to determine risk, as previously shown by LYNCH et al. [34].

We have included in our analysis the population with COPD who were younger than 50 years, assuming
that lung growth and development reach their peak at around 20–25 years of age in men but at 15 years in
women and begin to decline later [35]. In population-based studies, these younger individuals with COPD
have more frequently a previous diagnosis of asthma, as we have found in our population. A “diagnosis of
asthma” (not necessarily the disease) is frequently associated with abnormal lung development [36] and
the latter is now a well-recognised cause of COPD [37].

Clinical implications
To identify subjects at risk of developing COPD and those with already established disease at early stages
who are at risk of progressing may have important clinical implications. Very few therapeutic trials have
been conducted in symptomatic individuals without airflow limitation. A recently published perspective by
experts in the field highlighted the need for randomised controlled trials focused on young COPD or
pre-COPD patients to reduce disease progression, providing innovative approaches to identifying and
engaging potential study subjects [6]. Moreover, it has been recently suggested that this group of patients
with symptoms and emphysema should be considered as having COPD despite not having evidence of
airflow obstruction [38, 39].

According to our results, different strategies should be implemented to identify this population at risk,
since they show clear differences from other populations. Pre-COPD populations are highly symptomatic
individuals, predominantly women with less smoking exposure, whereas young COPD are patients with
well-established disease at younger age have higher smoking burden and more frequently diagnosis
of asthma.
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Strengths and limitations
There are several strengths to this research, including novelty, an unbiased population approach, and the
use of low-dose CT scanning and DLCO to characterise COPD beyond spirometry. It should be mentioned
that similarities and differences in emphysema, DLCO and bronchial thickness found in the pre-COPD
group were attributes used to define it. Moreover, a number of limitations should be considered. The main
limitation of this study is the lack of longitudinal follow-up that could confirm that those fulfilling the
criteria for pre-COPD are really at higher risk of developing COPD. Nevertheless, the data shown here
underlie the importance and impact of the disease in young subjects taken from the general population, and
of those with respiratory symptoms and associated functional and/or structural abnormalities. Additionally,
it is possible that the small sample size could limit the magnitude of the differences found in some
subanalyses between those with pre-COPD and young COPD due to potential type 1 and type 2 errors.
Furthermore, given the population approach, the representativity of hospital-based populations and the
most severe COPD patients is limited. Finally, it is possible that we may have underestimated the amount
of emphysema by using low-dose CT [40]. Nevertheless, we think that this does not have a major impact
in our findings.

Conclusions
We found that 22.3% of the studied population is at risk of developing COPD, with similar symptomatic
and structural changes to those with well-stablished disease without any evidence of airway obstruction.
This at-risk population is different from those that develop COPD at young age. Different strategies to tackle
with these two early faces of COPD should be considered. In addition, our findings reflect that fixed ratio
of FEV1/FVC definition for COPD is missing an important group of patients that have significant disease.
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