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Background: Chronic obstructive pulmonary disease (COPD) develops through heterogeneous lung-function trajectories, but the
longitudinal role of preserved ratio impaired spirometry (PRISm) in progression toward COPD remains unclear.

Objective: We aimed to characterize long-term spirometric trajectories and transitions from normal spirometry to PRISm or COPD in
a population-based cohort.

Patients and Methods: We analyzed data from the Ansan—Ansung cohort of the Korean Genome and Epidemiology Study. Among
medication-free participants with normal baseline spirometry who had classifiable spirometry across seven examinations over
approximately 12 years, longitudinal trajectories of forced expiratory volume in 1 second (FEV;, % predicted) and the FEV;/FVC
ratio were evaluated. Participants were classified into normal maintenance, PRISm, or COPD trajectory groups using a clinically
interpretable, rule-based approach. Because post-bronchodilator measurements were not available across all examinations, COPD was
operationally defined using pre-bronchodilator spirometry as FEV/FVC < 0.70.

Results: Lung-function decline followed heterogeneous trajectories rather than a single linear pathway. Among 1,753 participants,
1,658 (94.6%) remained normal, 21 (1.2%) developed PRISm, and 74 (4.2%) progressed to COPD. Most individuals who developed
COPD did so without a preceding sustained PRISm phase. In descriptive baseline comparisons, the COPD trajectory showed greater
smoking exposure, higher blood pressure, and more pronounced central adiposity, whereas PRISm was more closely associated with
wheeze-related respiratory symptoms and lower baseline lung function. In multivariable logistic regression, older age and current
smoking were the strongest independent predictors of progression to COPD.

Conclusion: Progression toward COPD in the general population is heterogeneous, and PRISm is not an obligatory precursor to COPD.
Longitudinal spirometric assessment may provide clinically relevant insights beyond single time-point classification in the general population.

Plain Language Summary:
Why was the study done?

COPD does not develop in the same way in everyone. Preserved ratio impaired spirometry (PRISm) has been proposed as an early
stage of COPD, but its long-term role remains uncertain. This study examined how lung function changes over time and whether
PRISm always leads to COPD.

What did the researchers do?

We studied Korean adults from the general population who had normal lung function at baseline. Lung function was measured
seven times over about 12 years using spirometry. We tracked each person’s lung-function pattern over time and grouped participants
according to their long-term trajectories.

What did the researchers find?

Lung-function change was heterogeneous. Most participants remained normal, some developed PRISm, and a smaller group

developed COPD. Many individuals who developed COPD did so without a sustained PRISm phase. The COPD trajectory was
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more strongly associated with older age and smoking, and descriptively showed less favorable baseline clinical profiles, whereas
PRISm was more closely associated with wheeze-related symptoms and lower baseline lung function.
What do these results mean?

PRISm is not always a necessary step before COPD. Repeated spirometry over time may provide more useful information than
a single test for identifying people at risk of COPD and for understanding different pathways of disease development.

Keywords: COPD, PRISm, KoGES, longitudinal study, spirometry

Introduction

Chronic obstructive pulmonary disease (COPD) is a major global health burden, affecting more than 300 million
individuals worldwide and remaining a leading cause of morbidity and mortality." The disease is characterized by
persistent airflow limitation and progressive structural changes in the airways and lung parenchyma. Importantly, lung-
function impairment often begins years before a clinical diagnosis is established, highlighting the need to identify early
lung-function patterns associated with subsequent disease development and progression.' In line with this concept, the
recent Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2023 report redefined COPD as a heterogeneous
disease encompassing symptoms, structural abnormalities, and underlying risk factors, emphasizing the importance of
early identification and risk stratification.”

Spirometry remains the cornerstone of COPD diagnosis and monitoring, with forced expiratory volume in one second
(FEV)) and the FEV /forced vital capacity (FVC) ratio serving as key indicators of airflow obstruction.* Beyond the
conventional spirometric definition of COPD based on a reduced FEV/FVC ratio, increasing attention has been directed
toward individuals with preserved FEV/FVC but reduced FEV; (<80% predicted), a spirometric pattern known as preserved
ratio impaired spirometry (PRISm).” PRISm has been consistently associated with respiratory symptoms, cardiometabolic
comorbidities, and increased mortality, indicating that it represents a clinically meaningful lung-function phenotype rather
than a benign spirometric variant.* ® Recent large-scale analyses further reported that PRISm is associated with mortality risks
comparable to those observed in COPD and exhibits a substantial population-level prevalence.’

Longitudinal evidence has highlighted the heterogeneity of PRISm. Analyses from the COPDGene study demon-
strated that individuals with PRISm frequently transition to normal spirometry or overt airflow obstruction and
experience mortality risks similar to those of moderate COPD.® These findings established PRISm as an important
phenotype that must be considered in studies of COPD development and lung-function trajectories. Given the inherently
longitudinal nature of COPD, several studies have proposed PRISm as a potential transitional or “pre-COPD” state,
suggesting a stepwise progression from normal lung function to PRISm and subsequently to COPD.® Supporting this
hypothesis, a population-based Korean study reported that individuals with PRISm exhibited a significantly increased
risk of developing COPD compared with those with normal spirometry.’

However, accumulating evidence suggests that PRISm does not represent a uniform or obligatory precursor to COPD.'°
Although previous studies have demonstrated diverse transitions involving PRISm, the longitudinal pathways linking normal
lung function, PRISm, and COPD remain incompletely understood. In particular, it remains unclear whether PRISm
represents a transitional stage toward COPD or an independent trajectory with distinct clinical characteristics. In a general
population cohort from Denmark, PRISm was associated with increased risks of cardiovascular and respiratory hospitalization
and mortality, while exhibiting diverse longitudinal trajectories, including transition from normal spirometry to PRISm,
persistent PRISm, and reversion to normal spirometry.'" Similarly, a Japanese community-based cohort study demonstrated
that PRISm was associated with increased risks of all-cause mortality, cardiovascular mortality, and incident airflow limitation
compared with normal spirometry.'? Together with recent reviews, these findings highlight substantial heterogeneity within
PRISm, encompassing distinct comorbidity profiles and variable longitudinal outcomes, including stable PRISm, reversion to
normal spirometry, and direct progression from normal lung function to COPD without a sustained PRISm phase.'®"?

This concept of heterogeneous disease pathways is further supported by landmark longitudinal studies demonstrating
that COPD can arise through distinct lung-function trajectories, determined not only by the rate of FEV, decline but also
by the level of lung function attained earlier in life.'* These observations underscore the importance of trajectory-based
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approaches and baseline phenotypic characterization in advancing the understanding of COPD development beyond
cross-sectional spirometric classification.

Despite growing interest in lung-function trajectories, long-term population-based evidence examining spirometric
trajectories and PRISm-related transitions remains limited, particularly in Asian populations.’ The Korean Genome and
Epidemiology Study (KoGES), with repeated standardized spirometry over approximately 12 years, provides a unique
opportunity to investigate these longitudinal patterns in a large population-based cohort. Therefore, using repeated
spirometric data across seven examinations, this study aimed to characterize long-term lung-function trajectories and
transitions from normal spirometry to PRISm or COPD, and to examine baseline demographic, lifestyle, and clinical
factors associated with progression to COPD.

Materials and Methods

Study Population

This study used data from the Ansan—Ansung cohort of the Korean Genome and Epidemiology Study (KoGES),
a population-based prospective cohort that enrolled 10,030 adults aged 40-69 years between 2001 and 2002.
Participants underwent standardized health examinations, including spirometry, at baseline and at subsequent follow-
up visits conducted at approximately 2-year intervals over a total follow-up period of approximately 12 years.

Among the total cohort, 9,783 participants had classifiable baseline spirometry. For longitudinal trajectory analyses, we first
identified participants with classifiable spirometry across all seven examinations (baseline plus six follow-up visits). We then
restricted the main analytic cohort to participants with normal baseline spirometry who followed prespecified monotone target
trajectories and had no baseline history of >3-month medication use. To address potential misclassification due to reversible
airway disease, we additionally performed sensitivity analyses excluding participants with asthma-related baseline indicators,
including physician-diagnosed asthma, current asthma treatment, current use of asthma medication or inhalers, and recent asthma
medication use. Invalid or extreme spirometric values were excluded according to predefined data-cleaning rules before
trajectory construction. After applying these criteria, 1,753 participants were included in the final analytic cohort (Figure 1).

This study was conducted using bioresources from the National Biobank of Korea, Korea Disease Control and
Prevention Agency (KBN-2024-045). All participants provided written informed consent. The study was conducted in
accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of Soonchunhyang
University (IRB No. 2024-05-049).

Spirometry Assessment and Classification

Spirometry was performed by trained technicians using standardized equipment (Vmax®, SensorMedics, Yorba Linda,
CA, USA) in accordance with the American Thoracic Society and European Respiratory Society (ATS/ERS)
guidelines.*> All measurements followed standardized KoGES protocols, including routine calibration and quality
control procedures consistent with ATS/ERS recommendations.

Because post-bronchodilator measurements were not available across all examinations, COPD was operationally
defined using pre-bronchodilator spirometry as FEV{/FVC < 0.70. Accordingly, COPD in this study refers to
a spirometrically defined category based on pre-bronchodilator measurements. Forced expiratory volume in 1 second
(FEV,) and forced vital capacity (FVC) were measured at each examination, and percent predicted values were
calculated using Korean reference equations. At each examination, participants were classified into one of three
spirometric categories based on contemporaneous measurements:

e Normal: FEV; > 80% predicted and FEV/FVC > 0.70
e PRISm: FEV, < 80% predicted and FEV/FVC > 0.70
e COPD: FEV,/FVC < 0.70

This classification scheme was applied consistently across all seven examinations and served as the basis for
constructing individual longitudinal lung-function trajectories.
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Ansan and Anseong cohorts
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(n=9,793)

Baseline spirometry after
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(n=9,793)
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(n=1)
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(n=958)

Final medication-free
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(n=1,753)

l

Normal -> Normal (n=1,658)
Normal -> PRISm (n=21)
Normal -> COPD (n=74)

Figure | Study flow. Flow diagram of participant selection for the longitudinal spirometry analysis across seven examinations in the KoGES cohort.

Longitudinal Spirometric Trajectories

Longitudinal spirometric trajectories were evaluated by tracking changes in spirometric categories across the seven
examination time points. Individual-level trajectories of FEV; (% predicted) and FEV,/FVC were visualized using line
plots to illustrate within-person longitudinal changes. In addition, population-level distributions of spirometric measure-
ments at each examination were assessed to examine temporal shifts in lung-function patterns over follow-up. The
primary objective was to determine whether lung-function decline followed a single linear pathway (eg., normal —
PRISm — COPD) or whether multiple heterogeneous trajectories existed.
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Definition of Spirometric Trajectory Groups

Spirometric trajectory groups were defined based on spirometric status observed across all seven examinations. To ensure
a uniform starting point for trajectory analyses, only participants classified as having normal spirometry at baseline were
included.

Participants were categorized into three clinically relevant trajectory groups:

e Normal maintainers (Normal to Normal; NN): remained normal at all examinations

e PRISm trajectory group (Normal to PRISm; NP): participants whose baseline spirometry was normal, whose final
examination was classified as PRISm, whose first PRISm classification occurred after baseline, and whose
spirometric status remained PRISm from the first PRISm classification through the final examination without
meeting COPD criteria.

e COPD trajectory group (Normal to COPD; NC): participants whose baseline spirometry was normal, whose final
examination was classified as COPD, whose first COPD classification occurred after baseline, and whose spiro-
metric status remained COPD from the first COPD classification through the final examination; PRISm before the
first COPD classification was allowed.

Participants with non-monotone patterns, including reversion from PRISm or COPD to normal spirometry or
oscillating classifications across examinations, were not assigned to NN, NP, or NC and were excluded from the
final target-trajectory cohort. A clinically interpretable, rule-based approach was adopted rather than model-based
methods (eg., latent class trajectory modeling) to preserve transparency and clinical relevance. However, this
approach may not fully capture the complexity of longitudinal trajectories and may be more limited than model-
based methods.

Age-stratified analyses were additionally performed using <60 versus >60 years to evaluate potential age-related
differences in trajectory patterns.

Statistical Analysis

To evaluate potential selection bias, baseline characteristics were compared between participants included in the
final analysis and those excluded from the final analytic cohort based on the prespecified analytic pipeline.
Baseline demographic, clinical, and lifestyle variables were compared across trajectory groups. Continuous
variables were expressed as mean + standard deviation and compared using the Kruskal-Wallis test, while
categorical variables were compared using Fisher’s exact test. For post hoc pairwise comparisons, p-values were
adjusted using the Benjamini—-Hochberg false discovery rate (FDR). Statistical significance was defined as a two-
sided p-value < 0.05. All analyses were conducted using R software (version 4.5.2).

In addition, multivariable logistic regression analyses were performed to evaluate associations between baseline demo-
graphic, smoking-related, and cardiometabolic factors and transition to the COPD trajectory. The primary regression model
compared the COPD trajectory group (NC) with the normal-maintainer group (NN). Odds ratios for age are reported per 1-year
increase, and odds ratios for triglyceride are reported per 10 mg/dL increase. Baseline spirometric variables were not included
in the primary model because the aim was to evaluate non-spirometric demographic, lifestyle, and cardiometabolic correlates of
trajectory progression, and because trajectory membership was itself defined using repeated spirometric measures. Because the
number of events in the PRISm trajectory group was small, NP versus NN analyses were treated as exploratory.

Results

Subject Classification by Spirometry

A total of 1,753 participants were included in the final analytic cohort. Of these, 1,658 (94.6%) remained in the normal-
maintainer group, 21 (1.2%) entered the PRISm trajectory, and 74 (4.2%) entered the COPD trajectory. Among the 74
participants in the COPD trajectory, 70 progressed directly to COPD without a preceding PRISm phase, whereas 4
exhibited PRISm prior to the first COPD classification (Table 1).
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Table | Distribution of Spirometric Trajectory

Groups
Item N Pct
Normal maintainers 1658 | 94.58
PRISm trajectory group 21 1.20
COPD trajectory group 74 422
- COPD without preceding PRISm 70 3.99
- PRISm before COPD 4 0.23

Notes: Percentages are based on the total analytic cohort (n =
1,753). Within the COPD trajectory group, participants were
further categorized according to whether PRISm was observed
before the first COPD classification.

Baseline characteristics of included and excluded participants are presented in Supplementary Table S1. Among 9,783

participants with classifiable baseline spirometry, 1,753 were included in the final analytic cohort and 8,030 were
excluded. Compared with excluded participants, those included in the final analytic cohort were younger, had lower
smoking exposure, and had better baseline lung function. In particular, baseline FEV/FVC was 75.34 + 1.54 in the
included group and 74.41 + 1.92 in the excluded group, suggesting a degree of selection toward a relatively healthier
analytic subset.

The mean age at baseline was 48.04 + 6.77 years and increased to 59.82 + 6.79 years at the seventh examination.
Body mass index remained relatively stable over time, whereas lung-function indices declined. Mean FEV,/FVC
decreased from 75.34 £ 1.54 at baseline to 72.87 + 1.68 at the final examination. At baseline, all participants were
classified as having normal spirometry; at the seventh examination, 21 participants were classified as PRISm and 74 met
the criteria for COPD (Table 2).

Spirometry-Based Longitudinal Trace of Lung Function

All 1,753 participants in the final analytic cohort were included in the longitudinal trajectory analysis. Individual-level
trajectories of FEV; (% predicted) and FEV/FVC are shown in Figure 2. Substantial inter-individual variability in
longitudinal lung-function patterns was observed across spirometric trajectory groups.

Trajectories of FEV (% predicted) varied widely among individuals. Participants in the PRISm trajectory group (NP)
generally exhibited gradual declines in FEV,%pred, although the magnitude and slope of decline differed across
individuals. In the COPD trajectory group (NC), FEV; decline patterns were heterogeneous, with some individuals
showing early and rapid decline and others remaining relatively stable for several years before later deterioration. Several

individuals met COPD criteria without preceding PRISm classification.

Table 2 Longitudinal Summary Across Seven Examinations

Variables Baseline 2nd 3rd 4th 5th 6th 7th
Participants 1753 1753 1753 1753 1753 1753 1753
Age (years) 48.04+6.77 49.86+6.79 51.92+6.80 53.92+6.79 55.92+6.78 57.84+6.79 59.82+6.79
Male (%) 51.8 51.8 51.8 51.8 51.8 51.8 51.8
Female (%) 482 48.2 48.2 48.2 48.2 482 48.2
Class: Normal 1753 1747 1737 1725 1712 1691 1658
Class: PRISm 0 4 7 7 14 18 21
Class: COPD 0 2 9 21 27 44 74
BMI (kg/m?) 24.66+2.83 24.52+2.78 24.47+2.79 24.4612.76 24.55+2.82 24.60+2.88 24.55+291
FEVI (%pred) 113.26+14.76 | 112.79+13.68 | 112.42+13.91 111.94+14.45 | 113.3515.11 109.28+15.08 | 110.23£15.77
FEVI/FVC (%) 75.34+1.54 74.94+1.56 74.51£1.59 74.08+1.63 73.68%1.64 73.29+1.65 72.87+1.68

Notes: Data are presented as mean * standard deviation (SD) or number. The same study population was followed across all seven examinations.

https:
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Figure 2 Individual-level longitudinal trajectories of lung function. Individual trajectories of FEV, (% predicted) (top) and FEV,/FVC (%) (bottom) across seven spirometry
examinations in participants assigned to the PRISm or COPD trajectory groups. Each colored line represents one participant. Dashed horizontal lines indicate the thresholds
for PRISm (FEV, = 80% predicted) and COPD (FEV,/FVC = 70%).

In contrast, FEV/FVC trajectories showed a more consistent downward pattern among participants who developed
COPD. In both the NC group and individuals transitioning from PRISm to COPD, FEV/FVC values declined over time,
with most individuals crossing the diagnostic threshold of 0.70 during follow-up.

Population-level distributions of spirometric measurements at each examination are shown in Figure 3. Over
successive follow-up visits, the proportion of participants classified as COPD increased, whereas the proportion classified

as PRISm remained relatively stable across examinations.

Comparison of Clinical Characteristics According to Spirometric Trajectory Groups
Baseline clinical characteristics according to spirometric trajectory groups are presented in Table 3. Compared with NN,
the NC group showed higher waist circumference, waist-to-hip ratio, blood pressure, current drinking, and smoking
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predicted). Colors represent spirometric categories.

exposure in descriptive baseline comparisons. Baseline FEV|/FVC was also substantially lower in NC than in NN,
whereas baseline FEV, (% predicted) was lower in NP than in NN.

Participants in the NP group were primarily characterized by wheeze-related respiratory symptoms, current smoking,
and lower baseline FEV (% predicted). After adjustment for multiple comparisons, most baseline clinical characteristics
did not differ significantly between the NP and NC groups, indicating substantial overlap in baseline profiles.

Logistic Regression Analysis of Trajectory Progression

Multivariable logistic regression analysis comparing the NC and NN groups is presented in Table 4. Older age (per
1-year increase; OR 1.45, 95% CI 1.36—-1.55, p < 0.001) and current smoking (OR 7.49, 95% CI 3.37-16.61, p < 0.001)
were strongly associated with increased odds of progression to the NC trajectory. In contrast, baseline cardiometabolic

Table 3 Baseline Clinical Characteristics Across Spirometric Trajectory Groups

Variable Group Post-hoc (BH-Adjusted)
NN Group NP Group NC Group NN vs NP | NN vs NC | NP vs NC
(n=1,658) (n=21) (n=74)
Age <60 years 1572 (94.8%) 19 (90.5%) 9 (12.2%)
Age 260 years 86 (5.2%) 2 (9.5%) 65 (87.8%)
Anthropometric and metabolic measures
Body mass index (kg/m?) 24.69+2.85 24.74%2.69 24.03£2.51 1.000 0.202 0.670
Waist circumference (cm) 81.10+8.24 84.07+5.05 84.19+6.93 0.191 0.005* 1.000
Hip circumference (cm) 94.19+5.48 93.05+6.88 92.46+4.90 0.597 0.041* 1.000
Waist-to-hip ratio 0.86+0.07 0.91+0.05 0.91+0.06 0.030%* <0.001* 0.781

(Continued)
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Table 3 (Continued).

Variable Group Post-hoc (BH-Adjusted)
NN Group NP Group NC Group NN vs NP | NN vs NC | NP vs NC
(n=1,658) (n=21) (n=74)
Metabolic measures
Fasting glucose, mg/dL 86.13+20.11 85.65%19.29 87.61£17.82 0.732 0.499 0.597
I-hour glucose (OGTT), mg/dL 143.11+49.75 141.75£55.23 159.624£58.21 0.758 0.041* 0.342
2-hour glucose (OGTT), mg/dL 119.41+43.83 110.10£54.68 | 129.14+59.01 0.145 0.732 0.274
Triglyceride, mg/dL 157.64£113.87 | 172.14£77.81 | 157.55+122.90 0.245 0.766 0.295
HDL-cholesterol, mg/dL 44.87+9.54 43.671£9.01 43.6948.71 0.766 0.732 1.000
Aspartate aminotransferase (AST, U/L) 29.24+23.03 29.00+8.23 30.77£12.90 0.670 0.049* 0.949
Alanine aminotransferase (ALT, U/L) 28.94+42.75 27.10£10.57 27.07+11.34 0.675 0.355 0.975
Blood pressure
Systolic blood pressure (mmHg) 115.64£15.59 | 122.57+14.99 | 124.64+14.17 0.098 <0.001* 0.741
Diastolic blood pressure (mmHg) 77.90£10.81 80.95+9.72 82.03+9.58 0.381 0.004* 0.766
Chronic diseases
Hypertension, n (%) 57 (3.4%) | (4.8%) I (1.4%) 0.732 0.732 0.670
Cardiovascular disease, n (%) 3 (0.2%) 0 (0.0%) 2 (2.7%) 1.000 0.068 1.000
Diabetes mellitus, n (%) 29 (1.7%) 0 (0.0%) 5 (6.8%) 1.000 0.047% 0.758
Respiratory symptoms
Chronic cough, n (%) 44 (2.7%) | (4.8%) | (1.4%) 0.703 1.000 0.670
Morning sputum production, n (%) 129 (7.8%) 3 (14.3%) 5 (6.8%) 0.499 1.000 0.670
Wheezing-related symptoms, n (%) 65 (3.9%) 4 (19.0%) 4 (5.4%) 0.045 0.732 0.215
Prolonged wheezing after exertion, n (%) 104 (6.3%) 2 (9.5%) 3 (4.1%) 0.670 0.766 0.610
Lifestyle factors
Current drinker, n (%) 873 (52.7%) 13 (61.9%) 51 (68.9%) 0.732 0.037%* 0.766
Current smoker, n (%) 342 (20.7%) 12 (57.1%) 22 (29.7%) <0.001* 0.233 0.138
Smoking exposure (pack-years) 18.96+13.92 21.26+13.59 33.11+24.36 0.703 <0.001* 0.233
Pulmonary function
FEVI (% predicted) 113.51£14.59 94.14£9.95 113.19£16.24 <0.001* 1.000 <0.001*
FEVI/FVC (%) 75.53+1.32 74.71+0.90 71.47+0.76 0.0061* <0.001* <0.001*

Notes: Values are presented as mean * standard deviation or number (%). P values were calculated using the Kruskal-Wallis test or Fisher’s exact test, as appropriate. Post
hoc pairwise comparisons were adjusted using the Benjamini-Hochberg method. Asterisks (*) indicate adjusted P values < 0.05.

Abbreviations: NN, normal maintainers; NP, PRISm trajectory group; NC, COPD trajectory group; OGTT, oral glucose tolerance test.

Table 4 Multivariable Logistic Regression Analysis for COPD

Trajectory (NN vs NC)

Variable OR (95% CI) p-value
Age (per |-year increase) 1.45 (1.36-1.55) | <0.001 *
Current smoker 749 (3.37-16.61) | <0.001 *
Waist circumference 1.03 (0.99-1.07) 0.118
Systolic blood pressure (mmHg) 1.01 (0.99-1.03) 0.283
Fasting glucose 1.01 (1.00-1.02) 0.120
Triglyceride (per 10 mg/dL increase) | 0.97 (0.94-1.00) 0.047
HDL cholesterol 0.98 (0.95-1.02) 0.327

Notes: ORs and 95% Cls were estimated from a multivariable logistic regression
model comparing the COPD trajectory group (NC) with the normal-maintainer group
(NN). Age was modeled per |-year increase, and triglyceride was modeled per 10 mg/
dL increase. * indicates statistical significance P value < 0.05.
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components, including waist circumference, systolic blood pressure, fasting glucose, and HDL cholesterol, were not
independently associated with NC progression after adjustment. Triglyceride showed only a borderline association when
expressed per 10 mg/dL increase (OR 0.97, 95% CI 0.94—1.00, p = 0.047). Because the number of NP events was small,
regression analyses for NP versus NN were treated as exploratory and are not presented in detail.

Discussion

This study characterized long-term spirometric trajectories and their clinical correlates using seven repeated spirometry
assessments conducted at approximately 2-year intervals over a total follow-up period of approximately 12 years in
a community-based Korean cohort. By focusing on within-person spirometric transitions rather than cross-sectional
phenotypes, we identified heterogeneous patterns of lung-function change and examined differences in baseline clinical
profiles across clinically meaningful trajectory groups. The extended follow-up duration and repeated standardized
spirometry represent key strengths of this study and provide rare longitudinal evidence from an Asian population.®'>

Our trajectory analysis suggests that progression toward COPD does not follow a single linear pathway. Although
some individuals exhibited transitions involving PRISm, most participants in the COPD trajectory progressed without
a preceding sustained PRISm phase. Because non-monotone patterns, including reversions to normal spirometry, were
not assigned to NN, NP, or NC in the final target-trajectory cohort, the present results should be interpreted as reflecting
monotone target trajectories rather than the full spectrum of transient longitudinal variability.®'"-'?

Interpretation of these trajectories should be grounded in spirometric definitions.*® In the present analysis, COPD
was operationally defined using pre-bronchodilator spirometry as FEV,/FVC < 0.70, whereas PRISm was defined by
reduced FEV, in the presence of a preserved FEV{/FVC ratio. Within this framework, although FEV; (% predicted)
exhibited marked inter-individual variability over time, progression to COPD necessarily involved crossing the FEV;
/FVC threshold used in our analysis. In contrast, PRISm classification appeared variably across examinations, reinforcing
that PRISm and COPD represent distinct spirometric states rather than uniform sequential disease stages.*®

This interpretation is consistent with prior longitudinal studies reporting substantial heterogeneity within PRISm,
including stability, reversion to normal spirometry, and progression to COPD in only a subset of individuals.®®!!!%16
Together with evidence from large population-based cohorts, our findings challenge a simplified “normal — PRISm —
COPD” paradigm and support the concept of multiple spirometric trajectories in the general population.” In the UK
Biobank cohort, for example, only a minority of individuals with PRISm progressed to COPD, while a substantial
proportion reverted to normal spirometry over time.'’

Clinical comparisons across trajectory groups further highlighted differences in baseline risk profiles. Participants in
the COPD trajectory showed greater central adiposity, higher blood pressure, heavier smoking exposure, and more
frequent current drinking than normal maintainers. These descriptive differences are broadly consistent with prior
epidemiologic evidence linking smoking and cardiometabolic burden with COPD risk and progression.'®'®!?
However, in multivariable logistic regression analysis, age and current smoking remained the most robust factors
associated with progression to the COPD trajectory, whereas most cardiometabolic components did not retain indepen-
dent associations after adjustment. These findings suggest that metabolic abnormalities may reflect shared risk profiles
rather than direct causal determinants of COPD.

From a clinical perspective, an important observation was that most baseline clinical variables did not differ
significantly between the PRISm and COPD trajectory groups after correction for multiple comparisons, indicating
substantial overlap in baseline profiles. However, wheezing-related respiratory symptoms were more prominent among
individuals in the PRISm trajectory group, distinguishing PRISm as a symptom-dominant phenotype despite preserved
airflow ratios. This pattern suggests that PRISm represents a clinically relevant state characterized by wheeze-related
symptoms and lower baseline lung function, rather than a uniform precursor to COPD. This interpretation is consistent
with prior longitudinal and population-based studies reporting that PRISm is frequently associated with respiratory
symptoms and metabolic vulnerability while demonstrating heterogeneous progression patterns.®®'%'? Metabolic
abnormalities were more frequently observed among participants in trajectories associated with COPD; however, these
findings should be interpreted as associations rather than evidence of causality. Taken together with the regression results,
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our data suggest that smoking exposure is a more consistent predictor of progression, whereas metabolic abnormalities
may mark a higher-risk clinical profile without demonstrating strong independent effects.

These findings have important epidemiologic and clinical implications. PRISm should not be uniformly interpreted as
a “pre-COPD” state. Instead, risk stratification may benefit from incorporating respiratory symptoms, central adiposity,
smoking exposure, and longitudinal spirometric follow-up rather than relying on single time-point classification. Moreover,
the observation that COPD can develop without a sustained PRISm phase highlights the limitations of cross-sectional
spirometry and supports the value of repeated lung-function assessment in population-based prevention strategies.

From a public health perspective, our results reinforce the importance of smoking prevention and cessation as central
strategies for reducing progression to COPD. At the same time, adverse metabolic profiles may help identify individuals
with a higher-risk clinical background, even if their independent effects were attenuated after adjustment. Integrated
approaches addressing both pulmonary and systemic health may therefore still be relevant in populations undergoing
rapid demographic and metabolic transitions, such as those in East Asia.”

Several limitations warrant consideration. First, COPD was defined using pre-bronchodilator spirometry, which may have
led to misclassification of reversible airway obstruction, such as asthma. Although participants with asthma-related baseline
features and medication history were excluded during construction of the final analytic cohort, some misclassification cannot
be entirely ruled out. Second, because COPD was classified using a fixed FEV{/FVC ratio rather than the lower limit of
normal, age-related misclassification remains possible. In age-stratified analyses, direct transitions from normal spirometry to
COPD were strongly concentrated in older participants, particularly in the >60 baseline age group, suggesting that aging may
partly contribute to this pattern. Third, because the final analytic cohort was defined through a prespecified trajectory-analysis
pipeline, including classifiable spirometry across all seven examinations, baseline normal spirometry, and additional analytic
restrictions, some selection bias cannot be excluded. In particular, excluded participants were older, had greater smoking
exposure, and had poorer baseline lung function than those included in the final analysis. Thus, the analytic sample may
represent a relatively healthier subset of participants who were available for repeated long-term follow-up, and generalizability
should be interpreted with caution. Fourth, although model-based trajectory methods can identify latent patterns, we adopted
a clinically grounded rule-based classification to enhance interpretability and consistency with spirometric thresholds
commonly used in clinical and epidemiologic practice. Nevertheless, transient spirometric variability may still have influenced
some group assignments. Fifth, the relatively small number of participants in the PRISm trajectory group may have limited
statistical power to detect subtle differences between PRISm and COPD trajectories after correction for multiple comparisons.
Finally, clinical comparisons were primarily descriptive, and residual confounding cannot be excluded. Future studies
incorporating longitudinal causal modeling and imaging-based phenotyping may further clarify mechanisms underlying
heterogeneous spirometric trajectories.

Despite these limitations, the long follow-up duration with repeated spirometry provides valuable insight into
spirometric transitions and their clinical correlates in a community-based Korean cohort. Our findings add to growing
evidence that progression toward COPD is heterogeneous and underscore the importance of longitudinal approaches in
respiratory epidemiology.'*’

Conclusion

In this population-based cohort, repeated spirometry revealed heterogeneous longitudinal patterns of lung-function change.
Under the pre-bronchodilator spirometric framework used in this study, some individuals met criteria for COPD without
a sustained PRISm phase, whereas PRISm showed variable longitudinal courses. Trajectories associated with COPD were
more frequently accompanied by greater smoking exposure and adverse cardiometabolic profiles, whereas PRISm was
characterized by lower baseline lung function and more wheeze-related symptoms, with limited evidence of a broadly
adverse metabolic profile. These findings highlight the value of longitudinal spirometric assessment for understanding
heterogeneous pathways toward COPD and for improving risk stratification in the general population.
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