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ABSTRACT

It is unclear whether young adults with chronic obstructive pulmonary disease (COPD) are at 
an increased risk of rapid lung function decline. A total of 2,934 Korean adults aged 40–49 
years who had consecutive lung function measurements were included. COPD was defined as 
pre-bronchodilator forced expiratory volume in 1 second (FEV1)/forced vital capacity < lower 
limit of normal. The risk of rapid decline in FEV1, defined as ≥ 60 mL/year, was assessed using 
multivariable logistic regression analysis. In the multivariable model, a significantly higher 
risk of rapid decline in FEV1 was observed for the COPD group compared with the non-COPD 
group (adjusted odds ratio, 1.89; 95% confidence interval, 1.18–2.95), which was especially 
significant in subjects with FEV1 less than the median value (< 110%pred) (Pinteraction = 0.017) 
and inactive physical activity (Pinteraction = 0.039). In conclusion, the risk of rapid FEV1 decline 
was higher in young adults with COPD than in those without COPD, especially in those with 
FEV1 less than the median value and inactive physical activity.

Keywords: Lung Diseases, Obstructive; Pulmonary Disease, Chronic Obstructive; 
Respiratory Function Tests; Spirometry; Young Adult; Preventive Health Services

Important factors deteriorating the natural course of chronic obstructive pulmonary 
disease (COPD) include early onset of the disease, rapid decline of lung function, and acute 
exacerbation of COPD.1 Regarding the importance of early onset of the disease, several 
recent studies have evaluated the development of COPD in young populations and its clinical 
significance, including acute exacerbation of COPD.2,3 However, few studies evaluated 
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whether young adults with COPD are at a higher risk of rapid lung function decline compared 
to those without COPD. Thus, we aimed to evaluate the risk of rapid forced expiratory volume 
in 1 second (FEV1) decline in young adults with COPD.

The Ansan-Anseong cohort is a prospective ongoing observational cohort of Korea since 
2001 to investigate factors associated with chronic diseases.4 The subjects’ baseline data were 
measured between May 2001 and February 2003, and the measurement of subsequent lung 
function was performed biennially thereafter. Ten-year follow-up data of adults aged 40–49 
were obtained for this study.

Of 4,711 subjects, 212 who had missing values at baseline measurements and 66 who were 
previously diagnosed with asthma were excluded. We further excluded 978 subjects who were 
tested for additional lung function less than twice. Considering selection bias caused by a 
relatively large number of excluded subjects, we used 1:3 propensity score matching between 
excluded subjects (n = 978) and remaining subjects (n = 3,455) to establish a final analytic 
cohort for this study (n = 2,934). Of these, 179 (6.1%) had COPD.

COPD was defined as pre-bronchodilator FEV1/forced vital capacity (FVC) < lower limit of 
normal (LLN).5 Considering that Asian populations include a substantial number of never 
smokers with COPD, a smoking criterion was not used to define COPD.6,7 The outcome of 
the study was a rapid decline in FEV1, defined as ≥ 60 mL/year.8 This criterion was proposed 
by the Martinez research group8 and has been validated in several high-quality studies.9,10 
Individual logistic regression analysis was performed for calculating annual changes in FEV1, 
and annual changes in FEV1 were determined using regression coefficients.

Trained investigators assessed subjects’ socioeconomic status, lifestyle habits, occupational 
exposure, and respiratory symptoms. Low income was classified as the lowest quartile. Active 
physical activity was defined as 60 min/day of moderate activity or 30 min/day of vigorous 
activity.11 Occupational exposure was defined in participants who had chemical or dust 
exposure using self-questionnaires. Hypertension was defined as a previous diagnosis of 
hypertension, systolic blood pressure >140 mmHg, or diastolic blood pressure > 90 mmHg. 
The presence of any respiratory symptoms was determined when participants had any of the 
following symptoms: dyspnea, chronic cough, or chronic sputum. Dyspnea was defined as a 
response to the question, ‘Do you feel shortness of breath when walking on plain ground?’. 
Chronic cough was defined as cough lasting three months or longer in recent months. 
Chronic sputum was defined as sputum production accompanied by cough for at least three 
months a year.

Multivariable logistic regression analysis adjusting for age, sex, body mass index (BMI), 
smoking status, occupational exposure, low income, college graduate, physical activity, 
respiratory symptom, baseline FEV1%pred, and hypertension was used for the analysis of 
the risk of rapid decline in FEV1. Subgroup analyses were performed on clinically significant 
variables (sex, smoking status, BMI, occupational exposure, baseline FEV1, and physical 
activity), and the cut-off value for subgroup analysis was determined as a median in BMI (24 
kg/m2) and baseline FEV1 (110%pred). Although the Global Initiative for Chronic Obstructive 
Lung Disease guideline suggests a cut-off for moderate severity as an 80%pred of FEV1, this 
value does not apply to young adults with COPD because most people with airflow limitation 
had a mild degree of COPD (97.8%). Thus, we used the median value for subgroup analysis 
and plotted a survival probability for rapid FEV1 decline using the ‘predicted’ package of 
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R. All analyses were performed using R version 4.1.2 (R core Team 2021; R Foundation for 
Statistical Computing, Vienna, Austria).

Of 2,934 adults aged 40–49, the median age was 44 (interquartile range [IQR], 42–46 years), 
and 48.5% were male. The median value of FVC, FEV1, and FEV1/FVC was 103%pred (IQR, 
95–111%pred), 110%pred (IQR, 101–120%pred), and 83% (IQR, 79–86%), respectively.

Compared to the non-COPD group, the proportion of men (56.4% vs. 48.0%, P = 0.035), 
current or past smokers (54.2% vs. 43.4%, P = 0.006), low-income (45.3% vs. 30.3%, P < 
0.001), active physical activity (62.0% vs. 43.0%, P < 0.001), and respiratory symptoms 
(12.8% vs. 7.4%, P = 0.012) were higher, but college graduate (12.3% vs. 20.2%, P = 0.013) 
was lower in the COPD group. Regarding baseline lung function, the COPD group had higher 
FVC (106 [99–116]%pred vs. 103 [95–111]%pred, P < 0.001) but lower FEV1 (96 [88–104]%pred 
vs. 111 [102–121]%pred, P < 0.001) and FEV1/FVC (70 [67–72]% vs. 83 [80–86]%, P < 0.001) 
than the non-COPD group.

During the median 9.7 (IQR, 7.9–9.8) years of follow-up, the incidence of rapid decline 
in FEV1 was not different between the non-COPD and COPD groups (15.5% vs. 17.9%, P = 
0.404). However, among physically inactive subjects (20.6% vs. 12.0%, P = 0.034) and those 
with FEV1 < 110%pred (17.8% vs. 9.1%, P < 0.001), the proportion of rapid FEV1 decline was 
significantly higher in the COPD group than the non-COPD group (Fig. 1A).

In the multivariable model, a significantly higher risk of rapid decline in FEV1 was observed 
for the COPD group compared with the non-COPD group (adjusted odds ratio [aOR], 
1.89; 95% confidence interval [CI], 1.18–2.95). The results of subgroup analyses showed a 
significantly increased risk of rapid decline in FEV1 in males (aOR, 2.15; 95% CI, 1.27–3.57), 
current or past smokers (aOR, 2.19; 95% CI, 1.28–3.69), high BMI (≥ 24 kg/m2) (aOR, 2.87; 
95% CI, 1.55–5.16), those who had occupational exposure (aOR, 1.89; 95% CI, 1.18–2.94), 
FEV1 less than the median value (< 110%pred) (aOR, 2.22; 95% CI, 1.30–3.72), and physical 
inactivity (aOR, 3.22; 95% CI, 1.58–6.22). Of these variables, significant interaction effects 
were found in baseline FEV1%pred (Pinteraction = 0.017) and active physical activity (Pinteraction = 
0.039) (Fig. 1B).

The previously proposed lung function trajectories leading to the development of COPD 
were low maximal FEV1 or normal FEV1 with rapid decline.12 Among these, COPD in young 
adults, defined as LLN, appears to be a small lung type, i.e., low maximal FEV1.13 However, 
our findings showed that young adults with COPD were not only a small lung type but also 
at a higher risk of rapid decline in FEV1. Therefore, our study suggests that the LLN criterion 
includes the concept of rapid decline and can be suitable for defining COPD in young adults.

Interestingly, our study showed a significant interaction between rapid FEV1 decline and 
physical activity or baseline FEV1%pred. Although the mechanisms are not precise, there are 
some possible explanations. First, sedentary behavior was suggested as a risk factor for the 
rapid decline in lung function.14-16 Second, FEV1 less than the median value, which reflects 
the severity of COPD, is associated with more frequent respiratory symptoms and common 
exacerbations, known risk factors for the rapid decline in lung function.3 In summary, special 
attention should be paid to rapid lung function decline in young adults with COPD who have 
FEV1 less than the median value with a sedentary lifestyle.
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Our study has some strengths. First, our findings were based on a large-scale, long-term 
prospective cohort. Second, possible bias was reduced as much as possible by using several 
statistical methods. Nevertheless, the limitations of this study should be addressed. First, 
pre-bronchodilator measurement was used to define COPD in young adults instead of post-
bronchodilator measurement. However, between pre-and post-bronchodilator parameters, 
there is a debate with regard to which is optimal for determining COPD in young adults.17 
Second, an evaluation of adults younger than 40 years was not performed in this study. 
However, previous studies including adults in their 20s and 30s reported that most young 
adults with COPD were in their 40s.18 Third, we used the median value as a cut-off value of 
baseline FEV1 arbitrarily in this study, since there is no known cut-off value of FEV1 in young 
adults with COPD. Fourth, as a local cohort was used, the subjects in this cohort might not 
represent the entire population of patients with COPD.

In conclusion, the risk of rapid FEV1 decline was higher in young adults with COPD than 
in those without COPD, especially in those with FEV1 less than median value and inactive 
physical activity.
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Fig. 1. The risk of rapid function decline in FEV1 according to physical activity and baseline FEV1%pred. (A) Incidence of rapid decline in FEV1 between non-COPD 
and COPD groups. (B) Interaction plot of physical activity and baseline FEV1%pred for the risk of rapid lung function decline in FEV1. 
FEV1 = forced expiratory volume in 1 second, COPD = chronic obstructive pulmonary disease.
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