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Purpose: Young chronic obstructive pulmonary disease (COPD), distinct from COPD in older individuals, often remains under-
diagnosed despite its potential for early interventions. This study aimed to identify the characteristics of young COPD patients and the
patterns of lung function trajectory.

Patients and Methods: This study was based on a large community-based cohort database in Korea. Young COPD was defined as
COPD diagnosed in patients aged < 50 years. We analyzed the clinical characteristics and lung function changes over 12 years,
comparing young and old COPD patients.

Results: Among the 9,577 patients enrolled in this study, 815 (8.5%) were diagnosed with COPD. The young COPD group had
a higher proportion of females, never-smokers and a higher body mass index (BMI), compared to the older COPD group. The
prevalence of young COPD increased from 117 (3.64%) to 334 (6.88%) according to the lower limit of normal (LLN) criteria.
Analysis of lung function over 12 years revealed that the rate of decline in FEV1 (L), FEF25-75% (L), and FEVI/FVC ratio was
slower in young COPD than in old COPD. Multivariate Cox analysis identified female sex, higher FEV1 (%), and young COPD as
independent predictive factors for time-to-first normalization of airflow obstruction. Old COPD and low FEV1 (%) were identified as
independent risk factors for time-to-first dyspnea.

Conclusion: Young COPD is characterized by a higher proportion of females, non-smokers, and elevated BMI compared to old
COPD. It has potential for lung function recovery and serves as an independent prognostic factor for the normalization of airflow
obstruction.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a highly prevalent chronic lung disease associated with a high social
burden and significant mortality worldwide.' Although COPD is not be fully reversible, it is preventable and manage-
able with early diagnosis and intervention.* It is predominantly diagnosed in individuals > 60 years of age® but can also
present in individuals aged 20-50 years, recently categorized as “young COPD”.”®

Lung development continues until age 20-25, reaching peak lung function before gradually declining.” Based on the
life-course trajectory of lung function, the developmental course of COPD can be categorized into two key processes,
which may overlap in certain populations.'®'" The first process involves individuals with a normal peak lung function,
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who may develop COPD due to accelerated pulmonary function decline caused by cumulative exposure to environmental
risk factors, such as tobacco use.'>'? The second process involves individuals who, despite a normal rate of decline, start
with a lower peak forced expiratory volume in 1 s (FEV,), leading to COPD in their later years through the normal aging
process.'*'> Considering these lung function trajectories, young COPD patients form a distinct group that develops the
disease despite lower cumulative environmental exposure compared to older COPD patients. Therefore, it is likely that
this group may have a higher prevalence of low baseline peak lung function, predisposing genetic factors, and increased
susceptibility to environmental stimuli, contributing to the unique clinical characteristics of young COPD."'®'” In addition
to impaired peak lung function, specific factors associated with young COPD include childhood respiratory infections,
asthma or airway hyperresponsiveness, and structural airway—lung size mismatch such as dysanapsis.'®'® Clinically,
young COPD patients have been reported to include a higher proportion of females and never-smokers and to present
with milder respiratory symptoms despite spirometric airflow limitation.”*?' These findings support the concept that
young COPD represents a heterogeneous phenotype rather than simply an earlier stage of smoking-related COPD.

Young COPD, distinct from “old COPD”, tends to be underdiagnosed despite the potential for better outcomes with
early treatment.*? For the early identification of individuals at risk for COPD, the lower limit of normal (LLN), defined as
a FEV /forced vital capacity (FVC) ratio less than the 5 percentile of the predicted value, has recently been used instead
of the fixed ratio recommended by the Global Initiative for Chronic Obstructive Lung Disease (GOLD).'”** Research has
also indicated that middle-aged adults who were not categorized as having COPD using the fixed ratio, but were
diagnosed using the LLN, had higher respiratory and cardiovascular morbidity and earlier mortality.**

Studies on young COPD face challenges owing to underdiagnosis and fewer hospital visits.>> Therefore, there are few
previous studies on the clinical characteristics of young COPD patients, with a lack of studies investigating the long-term
disease course. The present study assessed the clinical characteristics and lung function trajectories of young COPD

patients using both the fixed ratio and LLN criteria in a community-based prospective cohort in Korea.

Materials and Methods
Study Design and Population

This study was based on the Ansan-Ansung cohort, a large-scale prospective cohort study based in Ansan (urban) and
Ansung (rural) aimed at investigating factors associated with chronic diseases. This cohort is part of the Korea Genome
and Epidemiology Study (KoGES) examining chronic diseases in Korea, supported by the National Genome Research
Institute (Korea Centers for Disease Control and Prevention, Cheongju, Korea). Detailed information regarding the study
design and protocol has been documented in a previous report.”® Participants aged 4069 years were enrolled, with
baseline measurements conducted between 2001 and 2002. The baseline examinations were followed biennially. We
analyzed data from a baseline survey up to 6™ biennial survey in 2013-2014. Among the 10,030 subjects, 453 were
excluded because they either lacked a baseline pulmonary function test (PFT) or were undergoing asthma treatment.

Data Collection and COPD Definition

Trained investigators evaluated the participants’ socioeconomic status, lifestyle, psychological stress, and respiratory
symptoms using the KoGES baseline questionnaire. Physical measurements were used to calculate the body mass index
(BMI). For socioeconomic categorization, high income was defined as a monthly household income of > 4 million won,
whereas low income was defined as monthly household income < 2 million won per month. Smoking status, assessed via
self-reported questionnaires, was categorized as never, former, or current smoker. Data regarding comorbidities and
respiratory symptoms, including dyspnea, cough, and sputum, were collected. For cases of dyspnea, the modified
Medical Research Council (mMRC) score and date of first occurrence were recorded. Chronic bronchitis was defined
as frequent cough and sputum production for 3 months per year over 2 consecutive years.”’*® Lung function tests were
conducted by a trained technician using a standardized spirometer (Vmax 2130; SensorMedics, Yorba Linda, CA, USA).
Calibration and quality control followed established guidelines by the American Thoracic Society and European

Respiratory Society guidelines.?*~*°
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COPD was diagnosed using two distinct criteria based on baseline lung function measurements: the fixed ratio
criterion required a pre-bronchodilator FEV/FVC of < 0.70, while the LLN criterion required a FEV/FVC ratio below
the 5™ percentile of the reference population.*' Young COPD was defined as COPD in individuals aged < 50 years.>>32-?

Statistical Analyses

Clinical features were compared between young and old COPD patients using the chi-square test and Student’s #-test.
Continuous variables are presented as means + standard deviation, while categorical variables are presented as numbers
and percentages. To assess the agreement between the fixed ratio and LLN for COPD diagnosis, Cohen’s kappa (k) was
calculated, with 0.00<%x<0.02 indicating slight, 0.21 <x<0.40 indicating fair, 0.41 <x<0.60 indicating moderate,
0.61 <k <0.80 indicating good, and 0.81 <k < 1.00 indicating perfect agreement.** The annual changes in lung function,
including FEV,, FVC, forced mid-expiratory flow (FEF,5_750,), and FEV/FVC, over 12 years were assessed for young
and old COPD patients through a longitudinal analysis using linear mixed models. Adjusted covariates included age, sex,
BMI, smoking status, and baseline FEV(L) and biomass exposure. An independent 7-test was used to compare the
change in lung function from baseline to the end of follow-up within old and young COPD group. Some of the patients
initially classified as having COPD recovered from airflow obstruction during the follow-up period. Survival analysis
was used to evaluate the difference in time to first normalized obstruction and time to first dyspnea between young and
old COPD patients, with multivariable Cox regression analyses used to identify the covariates associated with these
factors. All analyses were two-sided with a statistical significance level of p < 0.05, and they were conducted using
R software (v. 4.3.2; R Development Core Team, Vienna, Austria).

Results

Group Differences in Baseline Characteristics: COPD Defined by the Fixed Ratio

Among the 9,577 study participants, 815 (8.5%) fulfilled the spirometric criteria for COPD based on a FEV/FVC of
< 0.7. Among these patients, 638 (84.5%) and 117 (15.5%) were classified as old and young COPD patients,
respectively. Baseline characteristics of non-COPD, young COPD, and old COPD in the overall study population are
presented in Supplementary Table 1. Table 1 presents the differences in baseline characteristics between the young
and old COPD patients. Compared to old COPD, the young COPD group had a higher proportion of females (21.5%
vs 33.3%, p = 0.002) and a higher BMI (23.2 + 3.0 vs 24.0 £ 2.8, p = 0.002). Additionally, the young COPD group

Table | Baseline Characteristics of Subjects Fulfilled the Spirometric Criteria for COPD

COPD Defined by FEV,/FVC < 0.7 COPD Defined by LLN
Old COPD | Young COPD | p-value | Old COPD | Young COPD | p-value
> 50 years | <50 years > 50 years | <50 years
(N=638) (N=177) (N=479) (N=334)
Age (years) 61.9 £ 5.1 46.0 + 3.1 <0.00l | 605%53 449 + 32 < 0.001
Sex 0.002 0.004
Male 501 (78.5%) | 118 (66.7%) 336 (70.1%) | 201 (60.2%)
Female 137 (21.5%) | 59 (33.3%) 143 (29.9%) 133 (39.8%)
BMI (Kg/m?) 232 +£30 240+ 28 0.002 233 %29 242 £29 < 0.001
Residence area < 0.001 < 0.001
Rural (Ansung) 494 (774%) | 111 (62.7%) 371 (77.5%) | 174 (52.1%)
Urban (Ansan) 144 (22.6%) | 66 (37.3%) 108 (22.5%) | 160 (47.9%)
Education < 0.001 < 0.001
Elementary school or below | 331 (52.8%) | 21 (12%) 263 (56.1%) | 54 (16.3%)
Middle school or high school | 264 (42.1%) | 139 (79.4%) 185 (39.4%) | 35 (71%)
College or higher 32 (5.1%) 15 (8.6%) 21 (4.5%) 42 (12.7%)

(Continued)
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Table | (Continued).

COPD Defined by FEV,/FVC < 0.7 COPD Defined by LLN
Old COPD | Young COPD | p-value | Old COPD | Young COPD | p-value
> 50 years < 50 years > 50 years | <50 years
(N=638) (N=177) (N=479) (N=334)
Household income < 0.001 < 0.001
Low 543 (86.7%) 104 (59.1%) 401 (85.5%) 196 (59.2%)
Middle 66 (10.5%) 56 (31.8%) 54 (11.5%) 105 (31.7%)
High 17 (2.7%) 16 (9.1%) 14 (3%) 30 (9.1%)
Smoking status 0.007 < 0.001
Never 162 (25.6%) | 66 (37.7%) 146 (30.8%) 144 (43.8%)
Ex 142 (22.5%) | 33 (18.9%) 92 (19.4%) 53 (16.1%)
Current 328 (51.9%) | 76 (43.4%) 236 (49.8%) 132 (40.1%)
Smoking pack-years 32.3 £ 20.1 253 £ 16.7 <0.001 | 327 £21.1 23.0 £ 15.0 < 0.001
Biomass exposure
Chemical 10 (1.6%) 7 (4.2%) 0.079 7 (1.5%) 13 (4%) 0.042
Dust 53 (8.8%) 19 (11.5%) 0.361 34 (7.6%) 32 (10.2%) 0.247
Comorbid condition
HTN 138 (48.1%) | 8 (14.3%) < 0.001 | 96 (45.3%) 19 (15.2%) < 0.001
DM 59 (23%) 10 (17.2%) 0.438 46 (24.1%) 14 (11.5%) 0.009
Ischemic heart disease 14 (5.7%) 4 (7.3%) 0.889 8 (4.4%) 4 (3.4%) 0.883
Congestive heart failure 1 (0.4%) I (1.9%) 0.800 0 (0%) | (0.8%) 0.831
Dyslipidemia 8 (3.3%) 5(9.1%) 0.119 4 (2.2%) 8 (6.7%) 0.100
CKD 10 (4%) 2 (3.7%) 1.000 12 (6.5%) 5 (4.2%) 0.555
CVA 20 (7.9%) I (1.9%) 0.193 14 (7.5%) | (0.8%) 0.019
Arthritis 186 (86.1%) | 22 (75.9%) 0.242 22 (13.1%) 10 (21.7%) 0.221
Thyroid disease 10 (3.9%) | (2.4%) 0.994 10 (5.2%) 6 (7.8%) 0.600
Dyspnea 171 (27.1%) | 28 (15.9%) 0.003 132 (28%) 56 (16.9%) < 0.001
mMRC 1.6+ 1.5 12+£1.3 0.171 1.7x1.6 12+1.3 0.076
Chronic bronchitis 32 (5.3%) 8 (4.6%) 0.860 28 (6.2%) Il (3.4%) 0.107
Lung function
FVC (L) 38+08 42 %09 <0.001 | 3.7+£09 42+09 < 0.001
FVC, % predicted 107.1 £ 17.5 | 105.7 + 14.8 0.279 108.0 £ 18.1 | 106.3 + 14.3 0.136
FEV, (L) 24+ 0.6 2.7 £ 0.6 <0.001 | 23+£0.6 28 £ 0.6 < 0.001
FEV,, % predicted 939+ 174 889 £ 14.5 <0.001 [ 917176 939 £ 148 0.054
FEV,\/FVC, % 629 £ 6.3 642 £ 55 0.007 61.5+67 67.7 £5.5 < 0.001
FEF25.759% (L) 1.3 05 1.7+£0.5 < 0.001 1.2 £04 1.9 £0.6 < 0.001
FEF25.279%, % predicted 483 £ I5.7 51.0 £ 145 0.040 444 £ 147 57.0 + 148 < 0.001

Note: Data are presented as number (%) or mean # inter-quartile range.

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CVA, cerebral vascular disease; DM, diabetes mellitus; FEVI, forced
expiratory volume in | second; FVC, forced vital capacity; FEF,s.75%, forced expiratory flow at 25-75% of forced vital capacity; mMRC, modified
Medical Research Council.

had higher proportions of urban residents (22.6% vs 37.3%, p < 0.001), individuals educated up to middle or high
school level (42.1% vs 79.4%, p < 0.001), and individuals with a high household income. The young COPD group
also had a higher proportion of individuals who had never smoked (25.6% vs 37.7%, p = 0.007) and a lower number
of pack-years (32.3 + 20.1 vs 25.3 £ 16.7, p < 0.001) compared to the old COPD group. There was no difference in
biomass exposure between the two groups. Hypertension (HTN) was more prevalent in old COPD patients (48.1%
vs 14.3%, p < 0.001), with no significant differences in other comorbidities.

A greater proportion of old COPD subjects experienced dyspnea (27.1% vs 15.9%, p = 0.003), but the mMRC grade
showed no significant group difference. The prevalence of chronic bronchitis symptoms was also similar between the
groups. Regarding lung function tests, young COPD patients had higher FVC(L), FEV (L), FEV/FVC ratio, FEF;5 750,
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(L), and FEF;5_750, % predicted values. While there was no group difference in the FVC % predicted values, the FEV;%
predicted was higher in old COPD compared to young COPD (93.9 + 17.4 vs 88.9 + 14.5, p < 0.001).

Group Differences in Baseline Characteristics: COPD Defined by LLN
Based on an FEV/FVC ratio < LLN, 816 (8.5%) individuals fulfilled the spirometric criteria for COPD, including 479
(58.9%) old COPD and 334 (41.1%) young COPD patients. Supplementary Table 2 presents the numbers and respective
proportions of COPD patients who fulfilled the spirometric criteria according to the fixed ratio and LLN criteria. When
using the LLN instead of the fixed ratio, there was a noticeable decrease in COPD prevalence from 638 (13.52%) to 479
(10.15%) in the old COPD group. Conversely, the number of individuals classified as having COPD increased from 177
(3.64%) to 334 (6.88%) in the young COPD group when using the LLN criteria. COPD diagnosis based on a FEV/FVC
ratio < 0.7 and FEV/FVC ratio < LLN showed good agreement in both groups, although old COPD patients exhibited
a higher k-value (0.673 vs 0.782).

The baseline characteristics of old and young COPD patients, defined using the LLN, are presented in Table 1. The

young COPD group had a higher proportion of females and a higher BMI. The socioeconomic aspects also mirrored
those observed with the fixed ratio criterion; young COPD patients more commonly resided in urban areas and had
a higher education level and household income. However, there was no difference in the prevalence of mild depression
between the two groups. Regarding smoking history, there was a higher percentage of never-smokers and a lower number
of pack-years in the young COPD group. Contrary to what was seen when using the fixed ratio criterion, the young
COPD group had a higher rate of exposure to chemicals (1.5% vs 4%, p = 0.042). Regarding comorbidities, while group
differences were seen only in HTN when using the fixed ratio criterion, the prevalence rates of diabetes mellitus and
cerebrovascular accidents, in addition to HTN, were higher among older patients when using the LLN criterion.

Despite a higher incidence of dyspnea in old COPD patients, there was no significant group difference in the mMRC
grade. Regarding lung function, young COPD patients showed higher FVC(L), FEV,(L), FEV/FVC ratio, FEF,5_750,(L),
and FEF,s 570, % predicted values. There was no difference in the FVC % predicted values between the two groups.
Although statistically insignificant, when using the LLN criterion, the young COPD group exhibited a higher average
FEV % predicted value compared to the old COPD group, which contrasted with the findings obtained using the fixed
ratio criterion.

Lung Function Trajectories

The annual lung function changes over a 12-year period were compared between young and old COPD patients using
linear mixed models. Number of participants who underwent lung function tests at each follow-up is shown in
Supplementary Table 3. The annual rate of FEV; decline was lower in young COPD (—38.3 mL/y vs —=19.0 mL/y, p <

0.001) (Figure 1A). There was no difference in the annual rate of FVC(L) decline between the groups (—=52.1 mL/y vs
—47.5 mL/y, p = 0.171) (Figure 1B). The mean FEF;s ;50,(L) in old COPD showed a decrease of —25.9 mL/y, contrasting
with the significant increase of +71.0 mL/y in young COPD (p < 0.001) (Figure 1C). The old COPD group experienced
a FEV/FVC ratio decline of —0.47/y, while the young COPD group showed an increase of +0.66/y, representing
a statistically significant difference (p < 0.001) (Figure 1D). When comparing lung function changes between baseline
and the end of follow-up, the young COPD group showed a significantly smaller decline in FEV, compared to the old
COPD group, while FEV/FVC exhibited a slight increase (Supplementary Figure 1). Annual lung function changes were

also compared with non-COPD individuals (Supplementary Figure 2).

Subgroup Analysis by COPD Severity

Among patients classified as COPD based on FEV/FVC of < 0.7, subgroup analysis was performed according to the
severity of airflow obstruction using the GOLD grading system. Patients were categorized into mild COPD (GOLD 1;
FEV, > 80% predicted) and moderate-to-severe COPD (GOLD 2-4; FEV; < 80% predicted). The characteristics of
young and old COPD patients, stratified by severity, are described in Supplementary Table 4. In the mild COPD

subgroup, young COPD patients exhibited smaller mean FEV, (L) and FVC (L) decline rates compared with older
COPD patients, consistent with previously observed lung function trajectories (Supplementary Figure 3). However, in the
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Figure | Lung function trajectory over time. (A) FEV,; (B) FVC; (C) FEF;5_75%; (D) FEV,/FVC ratio.

moderate-to-severe COPD subgroup, there were no statistically significant differences in lung function changes between
young and old COPD patients.

Normalization of Airflow Obstruction
In the linear mixed model analysis of annual lung function change, young COPD patients showed a tendency toward
a mean FEV/FVC ratio improvement. As shown in Figure 2A, young COPD patients demonstrated a significantly higher
cumulative probability of airflow obstruction normalization compared with old COPD patients (p < 0.001).

In the univariate Cox analysis, young COPD, female sex, and a higher FEV,% predicted value were associated with
a shorter time for normalization of airflow obstruction (Table 2). Conversely, being a current smoker delayed the
normalization of airflow obstruction. Younger age, female sex, and a higher FEV,% predicted value were found to be
independent predictors of earlier normalization of airflow obstruction after adjusting for confounding factors.

Time to First Dyspnea

Figure 2B presents the Kaplan—Meier curve comparing the time to first dyspnea between young and old COPD patients,
which was significantly longer in young COPD compared to old COPD patients (p < 0.0047). In the univariate analysis,
young COPD patients and those with a higher baseline FEV % predicted value exhibited a longer time to first dyspnea
(Table 3). The multivariate analysis identified younger age and a higher baseline FEV % predicted value as independent
predictors for a longer time to first dyspnea.

Discussion

This study, conducted over a 12-year period on a prospective community-based cohort aged 40—-69 years, investigated the
clinical characteristics and lung function trajectories of young COPD patients. Regardless of the diagnostic criteria, ie.,
a FEV|/FVC ratio < 0.7 or < LLN, the young COPD group consistently exhibited a higher proportion of females and
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ing airflow

0504

p <0.0001
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°
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Young1 177 177 156 104 94 91 91 91

Figure 2 (A) Cumulative incidence of airflow obstruction normalization in young and old COPD. (B) Kaplan—Meier curve for the time to first dyspnea in young and old
COPD.

individuals who had never smoked, along with a higher BMI and fewer symptoms of dyspnea, compared to the old
COPD group. Notably, fewer old COPD patients met the spirometric criteria for COPD when using the LLN compared to
the fixed ratio. Conversely, in the young COPD group, fewer patients fulfilled the spirometric criteria for COPD when
using the fixed ratio versus the LLN criterion. When comparing lung function trajectories over 12 years, old COPD
showed a faster FEV, decline, while young COPD exhibited a + 0.66/y increase in FEV/FVC ratio and a + 71.0 mL/y
rise in FEF,5 750,(L). In the subgroup analysis based on COPD severity, these lung function trajectories were observed
only in mild COPD, while no significant differences in annual lung function changes were found between young and old
COPD in the moderate-to-severe group. Multivariate Cox analysis revealed that young COPD was an independent

predictor of a higher probability of airflow obstruction normalization and a longer time to first dyspnea.

Table 2 Univariate and Multivariate Cox Regression Analysis for Time-to-First Normalized

Obstruction
Variables Unadjusted HR Adjusted HR
HR 95% CI p-value | aHR | 95% CI p-value

Young COPD (vs old COPD) 1.970 | 1.523-2.548 | <0.001 | 2.108 | 1.583-2.807 | < 0.00I
BMI 1.033 | 0.993-1.075 | 0.108 0.994 | 0.950-1.040 | 0.794
Female 2260 | 1.762-2.899 | <0.001 | 2.101 | 1.392-3.173 | <0.00I
Smoking Hx (ref. never smoker)

— Ex-smoker 0.759 | 0.552-1.043 | 0.090 1.476 | 0.922-2.364 | 0.105

— Current smoker 0.473 | 0.358-0.625 | < 0.001 | 0.831 | 0.547-1.264 | 0.387
FEV,, % predicted 1.022 | 1.015-1.029 | <0.001 | 1.024 | 1.016-1.032 | < 0.00I
Biomass exposure 0.710 | 0.449-1.122 | 0.142 0.827 | 0.518-1.322 | 0.428

Notes: Adjusted for variables: age, sex, BMI, smoking history, FEV|, % predicted and biomass exposure.
Abbreviations: BMI, body mass index; Cl, confidence interval; FEV,, forced expiratory volume in Is; HR, hazard ratio.
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Table 3 Univariate and Multivariate Cox Regression Analysis for Time-to-First Dyspnea

Variables Unadjusted HR Adjusted HR
HR 95% CI p-value | aHR | 95% CI p-value

Young COPD (vs old COPD) 0.561 | 0.373-0.843 | 0.005 0.497 | 0.324-0.762 | <0.001
BMI 1.013 | 0.965-1.063 | 0.611 1.400 | 0.989-1.093 | 0.123
Female 1.172 | 0.850-1.615 | 0.332 1.400 | 0.859-2.282 | 0.177
Smoking Hx. (ref. never smoker)

— Ex-smoker 0.814 | 0.527-1.258 | 0.354 0.997 | 0.562—-1.766 | 0.991

— Current smoker 1.123 | 0.806—1.564 | 0.492 1.329 | 0.815-2.169 | 0.254
FEV, % predicted 0.983 | 0.974-0.992 | <0.001 0.981 | 0.972-0.990 | <0.00I
Biomass exposure 0.666 | 0.386—1.149 | 0.144 0.684 | 0.394-1.188 | 0.178

Notes: Adjusted for variables: age, sex, BMI, smoking history, FEV,, % predicted and biomass exposure.
Abbreviations: BMI, body mass index; Cl, confidence interval; FEV,, forced expiratory volume in |s; HR, hazard ratio.

A study of three longitudinal cohorts demonstrated that the pathogenesis of COPD involves diverse lung function
trajectories, primarily driven by accelerated lung function decline with aging and lower peak lung function.'* These
mechanisms are not mutually exclusive, and individuals within a population-based cohort may exhibit varying combina-
tions of these patterns.''> Young COPD patients, closer to the 20-25 age range when lung function peaks, may have
lower peak lung function than the overall COPD population. An ongoing birth cohort study using linear mixed-effects
analysis of the FEV/FVC ratio has demonstrated that individuals with a consistently low lung function trajectory were at
an increased risk for COPD later in life, even without rapid lung function decline.*® In the European Community
Respiratory Health Survey, involving 4,636 adults aged 20-44 years, airway hyper-responsiveness, a family history of
asthma, and childhood respiratory infections were identified as risk factors for young COPD, with cigarette smoking, sex,
age, and BMI being risk factors shared with old COPD.'® In a contemporary Danish population-based cohort of 105,630
individuals, young COPD patients (aged < 50 years) diagnosed using the LLN criterion demonstrated higher tobacco
consumption, a higher likelihood of asthma treatment, and more episodes of bronchitis/pneumonia compared to
individuals without COPD.?’

Recent studies indicate that young COPD is linked to structural and functional abnormalities, such as dysanapsis,®
and is often associated with a family history of respiratory diseases or early life respiratory events before age 5.>° The
association of dysanapsis with baseline airflow obstruction and the risk of incident COPD is not influenced by age, sex,
or height.* In this study, the young COPD group had higher proportions of females and individuals who never smoked,
along with a higher BMI, compared to the old COPD group. These findings suggest that patients with these character-
istics may represent a subgroup with dysanapsis that differs significantly from the commonly recognized features of
COPD.

Limited research on mild and young COPD is mainly due to few individuals experience respiratory symptoms severe
enough to necessitate a hospital visit. In this study, using a fixed ratio to define COPD, FEV (%) in young COPD patients
was found to be lower than that in older COPD patients, but the proportion of individuals experiencing dyspnea was
significantly lower in the young COPD group. Identifying young adults with early COPD who do not exhibit respiratory
symptoms, and implementing preventive measures before the disease progresses, can improve long-term health
outcomes.*' Based on this concept, an international group has published an operational definition for COPD diagnosis
in young adults using the LLN.*

In a study directly comparing fixed ratio criteria with four LLN criteria, the use of all LLN-based criteria resulted in
a greater number of individuals with airflow limitation at a younger age and fewer individuals at an older age compared
to the fixed ratio criteria.* In this study, using LLN criteria increased the prevalence of COPD from 3.6% to 6.9% in
young COPD compared to using a fixed ratio, while conversely, it decreased from 13.5% to 10.2% for old COPD.
Additionally, when the fixed ratio was used, FEV (%) in old COPD patients was significantly higher than that in young
COPD npatients; however, when using the LLN criteria, there was no statistically significant difference in FEV (%)
between the two groups. These findings were consistent with previous cross-sectional studies indicating that the use of
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the fixed ratio in younger ages may lead to underestimation of early COPD.*** These findings suggest LLN use in
younger populations may overestimation of COPD but aid surveillance.*® Conversely, the fixed ratio criteria may be
superior for surveillance purposes in older populations. Clinically, the higher prevalence of young COPD identified using
LLN criteria suggests improved detection of early airflow limitation in younger individuals who may be under-
recognized by fixed ratio-based definitions.*” This supports the use of LLN-based criteria for earlier identification of
potentially reversible disease in younger populations.

A recent study from the ECLIPSE cohort comparing young and old COPD patients found that the proportion of those
experiencing substantial FEV, decline tended to be higher in young COPD patients, whereas modest decline was more
common in older COPD patients. Although the difference was not statistically significant, the proportion of patients
showing improvement was higher in young COPD patients than in older ones.*® Our community-based cohort study,
conducted over a 12-year period, found that the annual rate of FEV decline was slower in young COPD patients than in
old COPD patients. Moreover, young COPD patients exhibited an increased FEF,5_750, and FEV/FVC ratio over the 12-
year follow-up, in contrast with old COPD patients. Notably, this difference was only significant in patients with mild
COPD, while no significant changes were observed in those with moderate-to-severe COPD. Improvements in lung
function have been observed in younger COPD patients, with a subset even achieving normalized obstruction. This
finding challenges the traditional definition of “irreversible obstruction” in COPD. Analysis of the KOCOSS cohort
revealed that a subset of patients exhibited normalized ratios during longitudinal follow-up. These patients tended to be
younger, had higher BMIs, were less likely to be smokers, and exhibited a slower lung function decline compared to
those with persistently fixed ratios.*” However, no differences in exacerbation rates were observed. Our results also
indicated that younger patients were more likely to show normalized obstruction over time. These findings suggest that
age-related differences in lung plasticity and repair capacity may play a key role in COPD progression. Aging reduces
lung tissue repair and regenerative capacity, making COPD more irreversible, whereas younger individuals may have
greater lung plasticity, enhancing reversibility and airflow obstruction normalization.>

Following the observation in our study that both FEF,5_750, and the FEV{/FVC ratio eventually recovered in young
COPD patients, we conducted a multivariate Cox analysis demonstrating that young COPD was independently associated
with normalized airflow obstruction. Moreover, time to first dyspnea was significantly longer in young COPD patients.
Overall, these findings suggested that young COPD patients were more likely to experience less profound lung function
decline than old COPD patients, which might relate to the normalization of airflow obstruction, and may take longer to
perceive dyspnea. This could result in less frequent use of healthcare systems for COPD treatment due to low awareness
of respiratory symptoms. Recent studies have focused on the early diagnosis and management of COPD, aiming to
normalize airflow obstruction.*' A study using the Doetinchem Cohort Study data revealed three lung function
trajectories in adults aged 20-59 years, demonstrating that baseline smokers who quit during follow-up experienced
a slower FEV, decline.’? Thus, young adults with risk factors for low peak lung function, such as a history of premature
or childhood respiratory infections as well as traditional COPD risk factors, including smoking, should undergo COPD
screening using the LLN criteria even in the absence of symptoms.>

Our findings also suggest potential strategies for early screening of young COPD. Young COPD patients in our cohort
were more often female, never-smokers, and had higher BMI, which may contribute to underdiagnosis when screening
relies mainly on smoking history. Recent evidence indicates sex-specific associations between extrapulmonary factors
and reduced lung function in young adults, supporting the role of complementary risk profiling.* Targeted spirometry
using LLN-based criteria in individuals with these risk characteristics may enable earlier detection and intervention,
particularly given the greater potential for airflow normalization observed in younger patients.

The main strengths of our study were the prospective design, inclusion of a large population, and incorporation of
serial spirometry results over a 12-year follow-up period. However, the study had limitations. First, it was conducted
among individuals aged 4069 years, while excluding individuals aged < 40 years from the young COPD group and
those aged > 70 years from the old COPD group. Therefore, there may be differences in prevalence rates compared to
previous studies that typically defined young COPD patients as 20—50 years of age. Second, pre-bronchodilator rather
than post-bronchodilator spirometry was used to define COPD, potentially resulting in the inclusion of individuals with
reversible airflow limitation, such as those with asthma. However, since serial pre-bronchodilator FEV; measurements
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are generally sufficient for comparing the impact of different interventions on the annual rate of FEV; change, many
studies have used pre-bronchodilator values instead of post-bronchodilator values to assess COPD patients in long-
itudinal outcome analyses.”>>® Third, due to the lack of relevant information, it was not possible to compare the risk
factors of respiratory disease family history or early life events between the groups, where these factors have been
identified in several studies on young COPD. Fourth, the use of percent of predicted values instead of z-scores may
introduce anthropometric biases. Future studies should consider z-scores for more standardized lung function assessment.
Fifth, smoking cessation status could not be incorporated as a time-varying factor during follow-up, limiting assessment
of its dynamic impact on lung function decline. Sixth, the relatively small number of young COPD patients resulted in
wider confidence intervals, which may limit the precision of effect estimates and warrants cautious interpretation of the
findings. Furthermore, detailed information on pharmacological treatment during follow-up was not available, precluding
evaluation of potential differences in treatment strategies between young and old COPD groups and their influence on
lung function trajectories. In addition, information on structural lung changes assessed by computed tomography was not
available in this cohort, precluding comparison of radiologic phenotypes between young and old COPD groups.
Furthermore, al-antitrypsin deficiency was not evaluated, as its prevalence is known to be extremely low in Asian
populations and related data were not collected in the cohort. Finally, as the study recruited a local cohort from a specific
area of South Korea, the subjects may not represent the entire population. Therefore, further studies including different
ethnic groups are needed.

Conclusion

Distinct from old COPD group, the young COPD group was characterized by a higher proportion of females and
individuals who had never smoked, along with fewer complaints of dyspnea. COPD could potentially be underdiagnosed
when using the fixed ratio criteria, particularly among young individuals having a slower lung function decline compared
to older age groups. Since normalized airflow obstruction is an independent predictor of COPD, early screening,
diagnosis, and management of these individuals could lead to improved prognosis.
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