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ABSTRACT The phenotypic characteristics of chronic obstructive pulmonary disease (COPD) in
individuals younger than 50 years of age (early COPD) are not well defined. This prospective, multicentre,
case—control study sought to describe these characteristics and compare them with those of smokers
(>10 pack-years) of similar age with normal spirometry (controls).

We studied 92 cases (post-bronchodilator forced expiratory volume in 1s (FEV,)/forced vital capacity
(FVC) <0.7) and 197 controls. Results were contrasted with participants with similar inclusion criteria
recruited into the ECLIPSE and COPDGene cohorts.

Cases had moderate airflow limitation (FEV; 71.3£20.8%) but were often symptomatic, used healthcare
resources frequently, had air trapping (residual volume 150.6+55.5% ref.), had reduced diffusing capacity
(84.2420.7% ref.) and had frequent evidence of computed tomography (CT) emphysema (61%). Of note,
less than half of cases (46%) had been previously diagnosed with COPD. Interestingly, they also often
reported a family history of respiratory diseases and had been hospitalised because of respiratory problems
before the age of 5 years more frequently than controls (12% versus 3%, p=0.009). By and large, these
observations were reproduced when available in the ECLIPSE and COPDGene cohorts.

These results show that early COPD is associated with substantial health impact and significant
structural and functional abnormalities, albeit it is often not diagnosed (hence, treated). The fact that a
sizeable proportion of patients with early COPD report a family history of respiratory diseases and/or
early-life events (including hospitalisations before the age of 5 years) renders further support to the
possibility of early-life origin of COPD.
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Early COPD is associated with substantial health impact, and structural and functional
abnormalities, albeit it is often not diagnosed and hence, not treated. It is frequently associated
with family history of respiratory diseases and early-life events. https:/bit.ly/2ZtoRkp
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Introduction

Chronic obstructive pulmonary disease (COPD) has been traditionally understood as a self-inflicted
disease caused by tobacco smoking and characterised by an accelerated decline of lung function with age
(as determined by changes in the forced expiratory volume in 1s (FEV;)) [1]. Yet, recent research has
shown that only about half of COPD patients follow this trajectory, whereas the rest develop COPD with a
normal rate of lung function decline starting from a low peak lung function in early adulthood [2].
Importantly, these latter patients show a higher prevalence and a decade earlier incidence of comorbid
diseases and die prematurely [3]. Because, collectively, these observations open new opportunities for
prevention and earlier intervention [4, 5], interest in better understanding the characteristics and risks
factors of “early” COPD is growing [6, 7]. The clinical concept of “early COPD”, meaning a period of time
at the beginning of its natural history, should be differentiated from that of “mild COPD”, which refers to
the degree of airflow limitation - defined by FEV; >80% - that can appear at any time during the natural
history of the disease. Here we present the cross-sectional results of the first prospective case-control study
specifically aimed at describing the clinical, functional, biological and imaging phenotypic characteristics
of patients with early COPD (defined operationally by a post-bronchodilator FEV,/forced vital capacity
(FVC) <0.7 in smokers (>10 pack-years) younger than 50 years of age [6]) as compared with smokers of
similar age and normal spirometry [8].

Methods
The methodology of this study has been detailed elsewhere [8] and is only summarised below.

Study design and ethics
This multicentre, prospective, case—control (1:2, respectively) study (NCT02352220) was approved by the
ethics committee of all recruiting centres [8], and all participants signed their informed consent.

Participants

Participants were recruited from 12 tertiary hospitals (by local advertisement) and associated primary care
centres in Spain (from an automatically generated list of smokers), which are listed in the Appendix. All
participants were 35-50 years of age, of Caucasian origin and were current or former smokers (>10
pack-years) [8]. Cases were defined by the presence of airflow limitation after bronchodilation (FEV,/
FVC<0.7) [9], and controls had normal spirometry. Exclusion criteria were: o -antitrypsin deficiency,
conditions that could potentially limit future follow-up (e.g. foreseen changes of residence, psychiatric
diseases), chronic inflammatory or autoimmune diseases, severe bronchiectasis, active tuberculosis or
cancer [8]. Exclusion criteria for controls also included a previously confirmed diagnosis of asthma. All
participants had been free of any acute respiratory condition for 8 weeks prior to the baseline study visit.

Measurements
Standardised questionnaires were used to record demographics, family history, early-life events and clinical
data [8]. Physiological measures included forced spirometry (before and after bronchodilation), body
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plethysmography, single-breath diffusing capacity of the lung for carbon monoxide (Dico) and transfer
coefficient of the lung for carbon monoxide (Kco), exhaled nitric oxide fraction (Fuyo) and 6-min walk
test (6MWT), all measured according to international recommendations [8]. Reference values were those
of the Global Lung Function Initiative (GLI) [10]. A low-dose computed tomography (CT) of the chest
was obtained in all participants, and the presence/absence of emphysema was determined qualitatively in
the coordinating centre (Hospital Universitario Son Espases-IdISBa (HUSE), Palma de Mallorca) by an
experienced radiologist who was blinded to patient/control status. Full blood count, C-reactive protein and
fibrinogen levels were determined in each centre [8].

Data analysis

Results are presented as meantstandard deviation, proportion or odds ratio and 95% confidence intervals
as appropriate. Cases and controls were compared using unpaired t-test or Chi-squared tests. The
Spearman test was used to explore pair-wise correlations between the presence of early COPD and
variables determined in the study, whereas a stepwise multiple logistic regression analysis was used to
identify characteristics independently associated with the presence of early COPD. Finally, we used
Cytoscape (www.cytoscape.org) [11] to present graphically the relationships between variables determined
in the study using a network layout.

Results

Phenotypic characterisation of participants

We studied 289 individuals (92 cases and 197 controls). Table 1 compares their main phenotypic
characteristics, and figure 1 presents the frequency distribution of some relevant variables.

Demographics

The COPD group included a lower proportion of females compared with controls (35% versus 50%,
p=0.016), and subjects were slightly older (45.8+3.5 versus 43.3+4.4 years, p<0.001) and had a higher body
mass index (28.1+6.4 versus 26.6+4.8 kg-m_z, p=0.047); their educational level was lower than the controls,
and fewer were active workers (table 1).

Exposure history

Cases reported a slightly higher cumulative smoking exposure (31.6£16.3 versus 24.8+13.7 pack-years,
p=0.001) than controls (figure 1), albeit the proportion of current smokers and the age at smoking
initiation were not significantly different (table 1). There was a higher proportion of males among the
COPD cases (65% versus 35%). All women included had a similar smoking history irrespective of whether
they had COPD or not, but the proportion of active smokers versus former smokers was higher in the
control group (80.8% versus 19.2%) than in the COPD group (59.4% versus 40.6% respectively, p=0.026)
Likewise, there were no significant differences between cases and controls with respect to the number of
individuals exposed to some of the high-risk jobs for COPD described recently [12].

Family history and early-life events
Cases reported a higher proportion of several respiratory conditions in their parents, which reached
statistical significance for maternal and parental bronchitis as well as for maternal cardiac disease (table 1).

There were no significant differences between patients and controls in the proportion of individuals born
prematurely (<37 weeks), with low birth weight (<2.5kg), mother age at delivery, smoking exposure
during pregnancy or living in an urban environment during the first 5 years of life (table 1). Yet, it was
interesting to note that 12% of cases reported having been hospitalised for respiratory causes before the
age of 5 years versus 3% of controls (p=0.009).

Symptoms, previous diagnosis and use of healthcare resources

Cases were more symptomatic than controls, as shown by a higher proportion of cases having a modified
Medical Research Council (mMRC) dyspnoea scale value >2 (20% versus 6%, p=0.001; COPD Assessment
Test (CAT) 12.5£6.8 versus 8.6+6.7, p<0.001), and a higher proportion of cases having chronic bronchitis
(25.84% versus 10.15%, p=0.00112). Likewise, cases were significantly more likely to have been diagnosed
with a respiratory disease (particularly asthma) and use respiratory medications (including oral
corticosteroids and antibiotics) than controls. By contrast, the proportion of individuals diagnosed with a
cardiovascular disease or that had ever used cardiovascular medications was similar in both groups (table 1).
Cases were also more likely to have used healthcare resources for respiratory (but not for other) reasons
more often too (table 1).

Of note, only 36 of the 78 cases (46%) in whom this information was available had been previously
diagnosed with COPD, albeit they often used respiratory medications over the counter. Participants with
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TABLE 1 Main characteristics of cases and controls

Cases Controls p-value
Subjects n 91 107
Demographics
Females 35% 50% 0.016
Age years 45.8+3.5 43.3+4.4 <0.001
Height cm 168.7+8.6 168.1£9.0 0.579
Weight kg 80.3+20.5 75.4£15.9 0.043
Body mass index kg-m~2 28.1+6.4 26.6+4.8 0.047
High educational level® 52% 77% <0.001
Active worker (last year) 70% 86% 0.002
Exposure history
Cumulative smoking exposure pack-years 31.6+£116.3 24.8+13.7 0.001
Current smokers 66% 76% 0.089
Age at smoking initiation years 16.0£2.8 16.6+3.7 0.121
High-risk job" 29% 20% 0.129
Family history
Maternal asthma 17% 1% 0.221
Maternal bronchitis 16% 8% 0.051
Maternal cardiac disease 31% 17% 0.014
Maternal arterial hypertension 52% 44% 0.282
Maternal cerebrovascular disease 1% 1% 1
Maternal diabetes 18% 17% 0.860
Paternal asthma 13% 6% 0.068
Paternal bronchitis 46% 27% 0.005
Paternal cardiac disease 31% 25% 0.430
Paternal arterial hypertension 43% 37% 0.375
Paternal cerebrovascular disease 18% 9% 0.083
Early-life events
Birth <37 weeks 5% 4% 0.754
Birth weight <2.5 kg 4% 6% 0.760
Mother age at delivery years 29.6+7.0 28.315.7 0.128
Mother smoked during pregnancy 7% 13% 0.210
Urban residence before the age of 5 65% 74% 0.120
Hospital admission for respiratory disease before 5 years of age 12% 3% 0.009
Symptoms, previous diagnosis and use of healthcare resources
mMRC >2 29% 6% 0.001
CAT 12.5+6.8 8.616.7 <0.001
Ever diagnosed of a respiratory problem 63% 39% 0.001
Ever diagnosed of asthma 30% 9% <0.001
Ever use of respiratory medications 79% 28% <0.001
Oral corticosteroids use in the last 12 months 20% 5% <0.001
Antibiotic use in the last 12 months 31% 21% 0.073
Ever diagnosed of a cardiovascular disease 26% 28% 0.751
Ever use of cardiovascular medications 24% 34% 0.229
Ambulatory (GP) visits
due to respiratory reasons 60% 29% <0.001
due to non-respiratory reasons 46% 51% 0.438
Emergency room visits
due to respiratory reasons 14% 1% <0.001
due to non-respiratory reasons 27% 37% 0.141
Hospital admissions
due to respiratory reasons 1% 1% <0.001
due to non-respiratory reasons 12% 10% 0.686
Physiology
FEV, (pre-bd) % ref. 64.7+20.1 95.3+13.9 <0.001
FVC (pre-bd) % ref. 90.4+18.8 100.3+14.6  <0.001
FEV1/FVC (pre-bd) % 57.2+10.9 77.5+5.9 <0.001
FEF25_759 (pre-bd) % 39.5+48.4 81.8+33.9 <0.001
FEV; (post-bd) % ref. 71.3+20.8 97.7+£14.9 <0.001
FVC (post-bd) % ref. 96.5+18.6 98.9+15.0 0.280
FEV1/FVC (post-bd) % 58.5+10.4 79.9+5.3 <0.001
Continued
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TABLE 1 Continued

Cases Controls p-value
FEF,5_759 (post-bd) % 39.1£30.9 92.5+£35.5 <0.001
Total lung capacity, % ref. 112.7£17.1 103.1£15.7 <0.001
Residual volume, % ref. 150.6+55.5 113.6£40.9  <0.001
Dy co % ref. 84.16+20.73  91.6%13.51 0.003
Kco % ref. 80.53+19.73  93.25+12.57  <0.001
6MWD test
Distance walked m 555183 570482 0.152
Dyspnoea at end of test 2.3+2.0 1.5+1.8 0.001
S.0, at end of test 94.8+4.4 96.3+2.5 0.003
Imaging
Presence of CT emphysema (%) 61% 32% <0.001
Biomarkers
Feno PPb 16.9£13.3 17.6£17.0 0.741
Haematocrit % 44.6+3.3 43.5£3.6 0.015
Leukocytes x10%-L~" 8.7 +2.2 7.8+2.3 0.003
Neutrophils % 60.7+8.1 57.6+9.3 0.005
Lymphocytes % 28.9+6.8 32.4%8.0 <0.001
Eosinophils % 2.5+1.5 2.8+1.9 0.156
Eosinophils >300 cells-pL™" 23% 20% 0.635
Fibrinogen mg-dL™" 390.8£106.3  368.4%81.0 0.084
C-reactive protein >3 mg-/dL™" (%) 0% 3% 0.327

Results are presented as meantsp or proportion. p-values <0.05 are highlighted in bold text. mMRC:
modified Medical Research Council scale; CAT: COPD Assessment Test; FEV;: forced expiratory volume in
1's; pre-/post-bd: pre-/post-bronchodilator; % ref.: % of reference value; FVC: forced vital capacity;
FEF25-759: forced expiratory flow at 25-75% of FVC; D, co: diffusing capacity of the lung for carbon
monoxide; Kco: transfer coefficient of the lung for carbon monoxide; 6MWD: 6-min walk test; S,o,: arterial
oxygen saturation; CT: computed tomography; Feno: exhaled nitric oxide fraction. #: High education level
includes a Baccalaureate or University degree; T: as identified in [12].

undiagnosed COPD were referred to their primary care physician for appropriate treatment and follow-up.
Supplementary table S1 shows that most characteristics were similar in cases with and without a previous
diagnosis of COPD except for a lower FEV,/FVC ratio in the former (55.2+11.0% versus 61.7+9.5%,
p=0.007). Of note too, four controls had been diagnosed (erroneously) with COPD before entering our
study.

Physiology

By design, cases had airflow limitation, which ranged from mild to severe (figure 1), both before and after
bronchodilation (Global Initiative for Chronic Obstructive Lung Disease (GOLD) grades 1-4: 42%, 39%,
15% and 3%, respectively), whereas spirometry was normal in controls (table 1). Mid-expiratory airflow
(forced expiratory flow at 25-75% of FVC (FEF,s5_754)) was reduced in cases (39.2+30.9% ref.) and also in
some controls (92.6+35.5% ref., p<0.0001). GOLD group distribution in cases was 64% A, 15% B, 14% C
and 7% D.

Total lung capacity and residual volume was higher in cases than in controls (table 1). Dyco was often
abnormal in cases and, interestingly, also in some controls (figure 1). Exercise capacity (6MWD) was
normal in cases and controls but, at the end of the test, dyspnoea (Borg score) was higher and arterial
oxygen saturation lower in cases (table 1).

Imaging

CT of the thorax could be obtained and interpreted in 231 participants (79.9%): 80 cases (87%) and 151
(77%) controls. In these participants, emphysema was present in 61% of cases and, of note, in 32% of
controls too (p<0.001).

Biomarkers

The F.no was similar in cases and controls. The proportion of circulating leukocytes and neutrophils was
higher, and that of lymphocytes lower in cases, whereas circulating eosinophil levels were similar in both
groups (table 1). Fibrinogen and C-reactive protein levels were also similar in both groups (table 1).

https://doi.org/10.1183/23120541.00047-2020 5
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FIGURE 1 Frequency distribution of age [years), cumulative smoking exposure (pack-years), FEV,/FVC (%),
FEV; (% ref.), diffusing capacity of the lung for carbon monoxide (D co) (% ref.) and KLCO (% ref.) in patients
(red; n=92) and controls (green; n=197). Dotted vertical lines represent mean values. For further explanations,
see text.

Reproducibility of observations

Age- and sex-matched population analysis

Because there were small but significant differences between age and sex distribution between cases and
controls, we used the R library “MatchIt’ to individually match 92 controls for sex and age with the 92
cases included in the study. Supplementary table S2 compares the main characteristics of these two groups.
By and large, differences observed in the original population (table 1) were maintained in these sex- and
age-matched populations (supplementary table S2).

Lower limit of normal versus fixed FEV,/FVC ratio

Using its lower limit of normal (LLN) instead of a fixed FEV,/FVC <0.7 ratio, three participants (1%)
were reclassified: one control was now classified as a patient, and two cases were now classified as controls.
This is not surprising because the mean LLN of FEV,/FVC for a population of this age is quite close to
0.7 (0.699+0.001). Importantly, the main results did not change when the LLN was used instead of the
fixed ratio (supplementary table S3).

External reproducibility in selected ECLIPSE and COPDGene participants

To explore the external reproducibility of our observations, we accessed the ECLIPSE [13] and COPDGene [14]
databases (dbGAP phs001252.v1.p1). Although these two studies were not designed to investigate early

https://doi.org/10.1183/23120541.00047-2020 6
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TABLE 2 Main characteristics of patients (forced expiratory volume in 1 s (FEV;)/forced vital

capacity (FVC) <0.7) and controls (FEV;/FVC>0.7) included in the ECLIPSE study

Patients Controls p-value
Subjects n 119 124
Demographics and exposure history
Age years 47.3+2.7 45.7+3.0 <0.001
Males 61% 52% 0.162
Body mass index kg-m~2 26.5£6.9 26.1£4.6 0.650
Cumulative smoking exposure pack-years 34.5+17.0 24.7£11.7 <0.001
Current smokers 38% 23% 0.014
Family history and early-life events
Familiar asthma 24% 19% 0.342
Familiar bronchitis 34% 15% 0.001
Familiar emphysema 29% 8% <0.001
Familiar hypertension 49% 48% 1
Symptoms
mMRC score >2 13% 1% 0.001
Previous treatments and use of healthcare resources
Oral Corticosteroid use 2% 0% 0.460
Number of exacerbations 0.7+ 0.9 NA
Physiology
FEV4/FVC (post-bd) % 49.0+11.8 80.1+4.9 <0.001
FEV; (post-bd) % ref. 49.0+ 18.2 103.9+10.8 <0.001
FVC (post-bd) % ref. 82.5+ 22.1 112.8+12.6 <0.001
Total lung capacity % ref. 114.0+ 17.5 102.79+11.4 <0.001
6MWD test
Distance walked m 425.6+137.7 NA
Imaging
Presence of CT emphysema n (%) 60% 8% <0.001
Biomarkers
Basophils (%) 0.33+ 0.23 0.32+ 0.24 0.527
Eosinophils (%) 2.6+ 2.1 2.55+ 1.58 0.464
Haematocrit 0.44+0.04 0.43+ 0.04 0.009
Lymphocytes (%) 28.04+ 8.61 30.22+ 7.11 0.024
Monocytes (%) 5.96+ 2.49 5.76+ 2.23 0.682
Segmented neutrophils (%) 63.06+ 9.52 61.15+ 8.29 0.102
Total neutrophils (total ANC) 5.23+ 2.2 4.71+ 1.95 0.050
Total neutrophils (%) 63.06+ 9.52 61.15+ 8.29 0.102
White blood cells x10%/L 8.11+ 2.49 7.56+ 2.37 0.057

Results are presented as meanzsp or proportion. p-values <0.05 are highlighted in bold text. mMRC:
modified Medical Research Council scale; post-bd: post-bronchodilator; % ref.: % of reference value;
6MWD: 6-min walk test; CT: computed tomography; ANC: total absolute neutrophil count.

COPD, we identified 119 cases and 124 controls in the ECLIPSE study (table 2), and 205 cases and 560
controls in the COPDGene study (table 3) that fulfilled the same inclusion criteria used in our study. As
summarised in figure 2, our observations were, by and large, reproduced in these two subpopulations of
the ECLIPSE and COPDGene cohorts.

Bivariate correlations
Figure 3 presents all the significant (p<0.05) bivariate associations between the presence of early COPD and
a number of demographic, clinical, functional, imaging and biomarker variables determined in the study.

Multiple regression analysis

Unadjusted multiple regression logistic analysis identified six independent characteristics associated with
the presence of early COPD in the population studied here (table 4). Interestingly, the two with the
highest odds ratios referred to past history of respiratory events, such as hospital admission for respiratory
disease before the age of 5 years (OR 9.292) and emergency room visits due to respiratory reasons (OR
9.160). Other clinical characteristics associated with the presence of early COPD, albeit with a much lower
odds ratio, included symptoms (mMRC >2), cumulative smoking exposure (packs-years), low diffusing
capacity (Kco, % ref.) and not being an active worker.

https://doi.org/10.1183/23120541.00047-2020 7
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TABLE 3 Main characteristics of patients (forced expiratory volume in 1 s (FEV;)/forced vital

capacity (FVC) <0.7) and controls (FEV;/FVC>0.7) included in the COPDGene study

Patients Controls p-value
Subjects n 205 560
Demographics and exposure history
Age years 47.8+£1.5 47.5£1.5 0.007
Females 50% 51% 0.178
Body mass index kg-m™2 28.4%7.0 29.4+6.4 0.051
Cumulative smoking exposure pack-years 38.2+15.0 32.6£16.4 <0.001
Current smokers 76% 1% 0.154
High educational level” 47% 58% 0.011
Active worker (last year) 33% 50% <0.001
Family history and early-life events
Maternal asthma 14% 1% 0.438
Maternal bronchitis 16% 16% 0.997
Maternal emphysema 23% 16% 0.045
Paternal asthma 7% 4% 0.285
Paternal bronchitis 8% 10% 0.765
Paternal emphysema 26% 17% 0.024
Mother smoked during pregnancy 52% 47% 0.261
Symptoms
mMRC score 1.9+£1.5 0.8+1.2 <0.001
Previous treatments and use of healthcare resources
Oral corticosteroid use 4% 1% 0.015
Number of ambulatory (GP) visits due to respiratory reasons 0.44£1.02 0.110.44 <0.001
(exacerbations)
Number of hospital admissions due to respiratory reasons 0.20£0.71 0.03+0.21 <0.001
(exacerbations)
Physiology
FEV1/FVC (post-bd) % 59+12 79+1 <0.001
FEV, (post-bd) % ref. 66422 92+14 <0.001
FVC (post-bd) % ref. 87+19 92+14 <0.001
6MWD test
Distance walked m 435.4+114.3 476.2+103.2 <0.001
Shortness of breath at end of test 76% 51% <0.001
Imaging
Presence of CT emphysema n (%) 29% 9% <0.001

Results are presented as meanzsp or proportion. P-values <0.05 are highlighted in bold text. mMRC:
modified Medical Research Council scale; post-bd: post-bronchodilator; % ref.: % of reference value;
6MWD: 6-min walk test; CT: computed tomography. *: High education level includes a Baccalaureate or
University degree.

Discussion

The results of this study show that patients with early COPD have the following characteristics. 1) They
are often symptomatic and use healthcare resources frequently and have remarkable structural
(emphysema) and physiological impairment, yet they are frequently undiagnosed and untreated. 2) Many
different demographic, clinical, imaging and functional variables are associated with the presence of early
COPD (figure 3). Of particular interest is the observation that these patients frequently report a family
history of respiratory diseases and hospitalisations because of respiratory problems before 5 years of age,
further supporting the potential relevance of early-life events in the pathogenesis of the disease [3, 5, 15].
3) Despite the fact that the controls had normal spirometry, they showed remarkable functional and
structural abnormalities that often overlapped with cases (figure 1). Collectively, these observations
contribute to a better understanding of early COPD and may open novel opportunities for prevention and
treatment of the disease [4].

Previous studies

Interest on early COPD has gained momentum over the past few years since the publication of a joint
analysis of three independent cohorts (Framingham Offspring Cohort (FOC), Copenhagen City Heart
Study cohort and the Lovelace cohort), which showed that only about half of adult patients with COPD
followed the traditional trajectory described by Fletcher and Peto >40 years ago, characterised by an
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accelerated decline of lung function with age [1]; the other half never reach normal peak lung function in
early adulthood and develop COPD later in life with a normal rate of lung function decline [2]. Since
then, an operational definition of early COPD has been proposed [6] (which we used here), and several
studies have investigated risk factors and clinical characteristics of early COPD in existing databases. For
instance, ALLINSON et al. [16] used the Medical Research Council National Survey of Health and
Development, a nationally representative British cohort followed since birth in 1946, to show that chronic
mucus hypersecretion represents an early developmental phase of COPD, and that smoking impairs
pulmonary development during adolescence or early adulthood, thus likely facilitating the development of
COPD [17]. Likewise, KaLHaN et al. [18] used the CARDIA Lung Study database to show that persistent
respiratory symptoms in young adults are associated with accelerated lung function decline and greater
odds of future radiographic emphysema. Finally, very recently, Corak et al. [19] used a large Danish
contemporary population-based cohort followed-up for 14.4 years to investigate the prevalence,
characteristics and prognosis of individuals with early COPD in the general population. Using the same
definition of early COPD used here [6], these authors estimated a prevalence of early COPD in the general

Demographics and exposure history Spain  Eclipse  COPDgene
Age years T T T
Females l ~ ~
Body mass index kg-m~2 T ~ ~
Cumulative smoking exposure pack-years 7 ) T
Current smokers ~ T ~

High educational level 4 ~ 4
Active worker (last year) { = \
Family history and early life events
Familiar asthma ~ ~ ~
Familiar bronchitis T T ~
Familiar emphysema NA T T
Hospital admission for respiratory disease before the age of 5 years T NA NA
Symptoms
mMRC>2 ) T T
Treatment and use of healthcare resources in the previous 12 months
Oral corticosteroids use in the last 12 months T ~ T
Moderate exacerbations T T
Hospitalised exacerbations ) ? T
Physiology
FEV,/FVC post-BD % J) ) 4
FEV, post-BD % pred 4 J 4
FVC post-BD % pred ~ )} 4
Total lung capacity % pred T T NA
Dyco % pred d NA NA
6MWD test
Distance walked ~ NA i
Dyspnoea at end of test T NA T
Sso,atendof test | NA NA
Imaging
Presence of CT emphysema, n (%) T T )
Biomakers
Leukocytes x10%/L T T NA
Neutrophils % T T NA
Lymphocytes % 4 4 NA
Eosinophils % ~ ~ NA
Haematocrit % ) ) NA

FIGURE 2 Comparison of the main characteristics determined in patients with early COPD (versus controls) in
the three cohorts studied here (our own (SPAIN), ECLIPSE and COPDGene). | Indicates reduced in cases,
1 indicates increased in cases, ~ indicates similar in patients and controls, and NA means not available in
that cohort. Orange, pink and yellow rows indicate, respectively, reproducibility of findings in three out of the
three cohorts, two out of two cohorts or two out of three cohorts where this information was available. For
further explanations, see text.
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population of 15% and showed that, like in our study reported here, patients with early COPD often
report chronic respiratory symptoms and have significant lung function impairment [19]. Importantly,
CoLak et al. [19] also observed that, during follow-up, patients with early COPD had increased risk of
respiratory-related hospital admissions and early death, as we had also reported before in the FOC [3].
Collectively, these epidemiological studies provide important information stemming from existing data
bases that were collected for different purposes. By contrast, to our knowledge, ours is the first
case—control study to investigate prospectively the clinical, physiological, imaging and biological
phenotypic characteristics of patients with early COPD at a much more detailed granularity level.

Interpretation of findings
Our study provides several observations of interest. First, it shows that early COPD is associated with a
significant, but mostly occult (54% undiagnosed and untreated), disease burden, as illustrated by the level

TABLE 4 Independent clinical characteristics associated with the presence of early chronic

obstructive pulmonary disease (COPD] identified by multiple regression logistic analysis (by
odds ratio value)

OR (95% CI) p-value
Hospital admission for respiratory disease before the age of 5 years 9.292 (2.57-36.10) <0.001
Emergency room visits due to respiratory reasons 9.160 (1.43-180.74) <0.05
mMRC >2 2.336 (1.36-4.14) <0.01
Packs-years 1.030 (1.00-1.06) <0.05
Kco % ref. 0.950 (0.92-0.98) <0.001
Active worker 0.391 (0.16-0.99) <0.05

mMRC: modified Medical Research Council scale; Kco: transfer coefficient of the lung for carbon
monoxide; % ref.: % of reference value.
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of symptoms and use of healthcare resources, as well as by the presence of significant structural damage
(emphysema) and functional impairment. These findings are in line with recent findings by Woobrurr
et al. [20] who showed that (older) smokers with normal spirometry often present significant respiratory
symptoms, activity limitation and even episodes of exacerbations. Likewise, they support the importance of
diagnosing COPD as early as possible, when currently available therapeutic interventions may be more
effective [15]. In this setting, it is of note that MARTINEz et al. [21] have recently reported that the
combined use of CAPTURE (COPD Assessment in Primary Care to Identify Undiagnosed Respiratory
Disease and Exacerbation Risk), a simple, five-item, patient-completed questionnaire, and peak expiratory
flow (with an inexpensive, easy-to-use mechanical device and interpretive thresholds) can discriminate
cases and controls precisely in primary care, suggesting that it may be potentially useful for screening of
early COPD.

Second, traditionally, COPD has been understood as a self-inflicted disease by tobacco smoking, which, in
susceptible individuals, induces an abnormal inflammatory reaction that damages the lung parenchyma
and causes airflow limitation [5]. Our results here provide some further support to this paradigm since
cumulative smoking exposure was higher in cases (31.6£16.3 pack-years) than in controls
(24.8+13.7 pack-years, p=0.001), with some evidence of a more intense and different inflammatory
response (more circulating leukocytes and neutrophils and less lymphocytes) in cases than in smoker
controls (table 1 and figure 3). On the other hand, however, our results also render support to recent
findings indicating that abnormal lung development and early-life events can play a significant role in the
pathogenesis of COPD [2, 3, 5, 15, 22, 23], since patients with early COPD in our study often reported a
family history of respiratory diseases and were more frequently hospitalised because of respiratory
problems before the age of 5 years. This is a notable observation that could not be reproduced in the
ECLIPSE or COPDGene studies, because this variable was not recorded in these two studies. Also, the fact
that individuals with COPD were more frequently unemployed and had lower educational level could
support the role of poverty in contributing to the development of COPD early in life, as has previously
been demonstrated [24].

Third, figure 1 clearly shows that there is significant overlap between patients and controls for most of the
variables investigated except (by definition) the FEV,/FVC ratio. In fact, a sizeable proportion of controls
(i.e. smokers with normal spirometry) in our study had reduced Dico (figure 1) and evidence of CT
emphysema (32%), thus showing clear evidence of lung damage. Although these participants were
classified as “controls” because their FEV,/FVC was >0.7, differences between groups would have been
likely enlarged if they had been classified as “patients”. In any case, this observation confirms that smokers
with normal spirometry may have emphysema [25] and strengthens the need for a careful reconsideration
of the diagnosis and taxonomy of COPD (5, 26]. Of note, the prevalence of emphysema determined in our
patients with early COPD was very high (61%), albeit this figure is similar to that observed in ECLIPSE
(60%) but larger than that determined in COPDGene (29%). Differences may be driven by technical
factors since we (and in ECLIPSE [27], but not in COPDGene [28]) used low-dose radiation (which can
overestimate the amount of quantitative emphysema). Alternatively, it is also possible that early COPD
patients could be particularly prone to parenchymal damage [29] and/or that abnormal alveoli
development can also contribute to early COPD significantly [5, 15, 22].

Finally, it is important to note that some of the factors identified by multiple regression analysis in relation
to the presence of early COPD (table 4) may truly be “risk” factors for the early occurrence in COPD (e.g.
early-life events and smoking exposure) whereas others (e.g. symptoms, reduced lung diffusion or not
working actively) probably represent “consequences” of the disease. In any case, they contribute to better
define the phenotypic characteristics of early COPD and to identify in which young smokers the disease is
more likely to be present.

Strengths and limitations

Our study has two major strengths. First, it is the first study to prospectively contrast carefully phenotyped
young smokers (<50 years of age) with (early COPD) and without airflow limitation. Second, results were
largely reproduced in two independent, international cohorts [13, 14]. Albeit these two cohorts were not
originally designed to investigate early COPD, by employing the inclusion criteria used here we identified
a significant number of participants with similar characteristics, so available variables in ECLIPSE and
COPDGene could be contrasted with our results. Our study has some potential limitations that deserve
discussion. First, its sample size is much smaller than that of previous epidemiological studies [2, 3,
16-19]. Yet, the granularity of phenotypic characterisation in our study is much deeper. Second, we
cannot exclude a recruitment bias towards more symptomatic cases of early COPD since we recruited
patients from primary care centres and tertiary hospital out-patient clinics, and not from the general
population. Third, cases were slightly but significantly older than the control group and included fewer
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females. However, an individually age- and sex-matched subpopulation confirmed results observed in the
total population. Finally, a diagnosis of asthma was considered an exclusion criterion in controls but not
in cases. The reason for this was that a “diagnosis of asthma” (not necessarily the disease) is frequently
associated with abnormal lung development [15, 22], and the latter is now a well-recognised cause of
COPD [2]; by contrast, we were more strict with controls to avoid the inclusion of patients with true
asthma.

Conclusions

Early COPD is associated with significant disease burden and use of healthcare resources due to
substantial structural and functional abnormalities, which are frequently undiagnosed (hence untreated).
Further, a significant proportion of these patients report a family history of respiratory diseases and/or
previous respiratory early-life events, supporting the emerging concept that COPD can start very early in
life [15], thus opening new opportunities for prevention, diagnosis and treatment of this disease [4].
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