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Abstract
Background Low respiratory function in young adulthood is one of the important factors in the
trajectory leading to the future development of COPD, but its morphological characteristics are not
well characterised.
Methods We retrospectively enrolled 172 subjects aged 40–49 years with ⩾10 pack-years smoking history
who underwent lung cancer screening by computed tomography (CT) and spirometry at two Japanese
hospitals. Emphysema was visually assessed according to the Fleischner Society guidelines and classified
into two types: centrilobular emphysema (CLE) and paraseptal emphysema (PSE). Airway dysanapsis was
assessed with the airway/lung ratio (ALR), which was calculated by the geometric mean of the lumen
diameters of the 14 branching segments divided by the cube root of total lung volume on a CT scan.
Results Among the subjects, CLE and PSE were observed in 20.9% and 30.8%, respectively. The mean
ALR was 0.04 and did not differ between those with and without each type of emphysema. Multivariable
regression analysis models adjusted for age, sex, body mass index and smoking status indicated that CLE
and a low ALR were independently associated with lower forced expiratory volume in 1 s (FEV1)/forced
vital capacity (estimate −1.64 (95% CI −2.68–−0.60) and 6.73 (95% CI 4.24–9.24), respectively) and
FEV1 % pred (estimate −2.81 (95% CI −5.10–−0.52) and 10.9 (95% CI 5.36–16.4), respectively).
Conclusions CLE and airway dysanapsis on CT were independently associated with low respiratory
function in younger smokers.

Introduction
COPD is a worldwide health problem with high prevalence and mortality. COPD is characterised by
airflow limitation induced by a combination of emphysema and airway disease, while the clinical
presentations and outcomes are very heterogeneous. Heterogeneity is caused by many factors, such as
variable host responses to exposure to tobacco and other particles, abnormal lung growth, and congenital
components [1–3]. The prevalence of COPD increases at age ⩾65 years [4], but some younger subjects
aged <50 years develop emphysema and airway disease before COPD diagnosis [5, 6] and are diagnosed
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with COPD. Further understanding of early changes before the onset of airflow limitation and COPD at a
young age is warranted to identify high-risk subjects and establish efficient interventions to prevent
COPD development.

There are two major patterns of lung functional trajectory leading to the onset of COPD: 1) normal peak
respiratory function followed by rapid functional decline and 2) low attainment of respiratory function in
young adulthood followed by normal functional decline [7]. The two patterns are not exclusive. Low
functional attainment in young adulthood followed by rapid functional decline leads to severe airflow
limitation at a younger age [8]. These findings suggest that the relative contributions of the two patterns to
lung function impairment may vary among younger subjects even before the COPD diagnosis. However,
their underlying mechanisms are not fully understood.

The concept of disproportional growth of the airway and lung parenchyma, i.e. dysanapsis, was first
introduced to describe a mismatch between native tree airway calibre and lung size, which underlies a
large variation in lung function in healthy subjects [9]. More recently, a computed tomography (CT) study
including middle-aged adults showed that a smaller central airway tree for a given lung size on a CT scan
is associated with low baseline lung function followed by normal lung function decline, leading to COPD
development [10]. Furthermore, a CT study including smokers of similar age showed that centrilobular
emphysema (CLE), a major smoke-related emphysema subtype [11], is associated with a rapid lung
function decline, leading to airflow limitation (COPD) [12]. However, no report has examined these two
CT factors simultaneously in younger subjects.

It was hypothesised that subclinical spirometric impairment could be induced by a combination of
dysanaptic airway/lung growth before adulthood and the emergence of CLE after adulthood in smokers
without airflow limitation or COPD. Therefore, this study examined lung cancer screening CT and
spirometry in smokers aged <50 years to test whether a smaller airway/lung ratio (ALR) and the presence
of CLE were independently associated with forced expiratory volume in 1 s (FEV1) and the FEV1/forced
vital capacity (FVC) ratio on spirometry.

Material and methods
Ethics
This retrospective cross-sectional observational cohort study complied the guidelines of the Declaration of
Helsinki and was approved by the Ethics Committees of Tsukuba Medical Center Hospital (2022-0029),
Takeda Hospital (2019) and Kyoto University (R1660-3). Informed consent was obtained via an
opt-out method.

Study design and population
The study enrolled consecutive subjects between 40 and 49 years of age who had a smoking history of
⩾10 pack-years and underwent spirometry and chest CT scans in a medical check-up programme at
Tsukuba Medical Center Hospital (Tsukuba, Japan) between 2019 and 2021 and at Takeda Hospital
(Kyoto, Japan) between 2016 and 2020. In Japan, any participants undergoing a medical check-up can
voluntarily select an additional option of lung cancer screening chest CT upon request. The exclusion
criteria were: 1) CT abnormal shadow not associated with COPD (such as consolidation, fibrotic change
and tumour), 2) lack of demographic data or 3) interval between CT and spirometry >90 days. No subjects
had a history of lung resection surgery.

Data measurements
Smoking status and medical history (asthma, diabetes, dyslipidaemia, hypertension, arrhythmia and
coronary artery disease) were assessed using self-report questionnaires. Pack-years of smoking were
directly calculated at Tsukuba Medical Center Hospital. While the data on smoking duration (<10, 10–19
or ⩾20 years) and daily tobacco consumption (<0.5, 0.5–1.0 and ⩾1.0 packs per day) were collected at
Takeda Hospital, subjects with ⩾10 pack-years of smoking were identified by either 1) a combination of
smoking duration ⩾10 years and tobacco consumption ⩾1.0 packs per day or 2) a combination of smoking
duration ⩾20 years and tobacco consumption ⩾0.5 packs per day.

Pulmonary function test
Spirometry was performed under pre-bronchodilator conditions with an automated electronic spirometer
SYSTEM 7 (Minato Medical Science, Osaka, Japan) at Tsukuba Medical Center Hospital and with Spiro
Sift SP-790 COPD (Fukuda Denshi, Tokyo, Japan) at Takeda Hospital following the American Thoracic
Society/European Respiratory Society guidelines [13]. The reference values for FEV1 % pred and FVC % pred
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were based on the LMS (skewness (lambda), mean (mu) and coefficient of variation (sigma)) methods
published by the Japanese Respiratory Society [14].

Chest CT scan protocols
A CT scan was conducted at deep inspiration. Aquilion One (Canon Medical Systems, Otawara, Japan)
and LightSpeed VCT (GE Healthcare, Waukesha, WI, USA) were used at Tsukuba Medical Center
Hospital. Images were acquired at 0.5 mm (Aquilion) or 1.25 mm (VCT) slice thickness with a scan time
of 400 ms and tube voltage of 120 kVp. The CT images were reconstructed with sharp kernels (FC53,
LUNG) and smoothing kernels (FC02, STANDARD) for visual inspection of emphysema subtypes and
calculation of airway dimension, and for quantitative emphysema measurements, respectively. Aquilion
Prime (Canon Medical Systems) was used at Takeda Hospital. The CT images were obtained at a slice
thickness of 0.5 mm with a scan time of 400 ms and tube voltage of 120 kVp, and reconstructed with
sharp kernels (FC51) for visual inspection of emphysema subtypes and calculation of airway dimension.
For quantitative emphysema measurements, these images were converted to smoothing kernel-based
images using the established deep learning-based kernel conversion method [15]. Reference values for the
total lung capacity (TLC) % pred on a CT scan (TLCCT) were determined using the predicted values
reported previously [16].

CT measurements
Visual emphysema was assessed based on the Fleischner Society guidelines [17], and assessments were
performed by at least two pulmonologists and a chest radiologist [18]. Subjects with trace, mild, moderate,
confluent or advanced CLE were regarded as having CLE. Subjects with mild or substantial PSE were
regarded as having PSE. Subjects with CLE or PSE were considered to have visual emphysema.
Panlobular emphysema was not assessed in this study because its classification is associated with
α1-antitrypsin deficiency [17]. The percentage of low attenuation area <−950 HU to the total lung
(LAA%) was also calculated to quantify the extent of overall emphysema [19].

As the index of dysanapsis, the ALR was calculated as the geometric mean of the lumen diameters for 14
branch segments (trachea, main bronchus, bronchus intermedius (right median trunk), and third and fourth
bronchus of five paths) divided by the cube root of TLCCT, as reported previously [20]. The wall thickness
and lumen area of the airway were determined by the mean of the third (segmental) or fourth
(subsegmental) bronchus.

Representative images of visual emphysema and the ALR are shown in figure 1.

Statistical analyses
Interobserver agreements for grades of PSE and CLE between two analysts were evaluated with a weighted
κ coefficient. To compare the clinical characteristics, spirometric indices and CT measurements between
subjects with and without visual emphysema or its subtype, the t-test and the Chi-squared test were
performed. Pearson correlation was used to determine the relationship between spirometric indices and CT
measurements. Multivariable regression analysis was performed to investigate factors associated with
FEV1/FVC and FEV1 % pred. These multivariable models were evaluated in a sensitivity analysis of
subgroups without a history of asthma. JMP version 16.0.0 (SAS Institute, Cary, NC, USA) was used for
the statistical analyses. p-values <0.05 were considered to indicate statistical significance.

Results
Characteristics of subjects
As shown in figure 2, of 661 subjects with ⩾10 pack-years who underwent lung cancer screening CT and
spirometry, 191 were aged between 40 and 49 years. Following exclusion of 19 subjects due to abnormal
CT shadows, lack of demographic data, and long intervals (>90 days) between CT and spirometry, 172
subjects were included in this study. As shown in table 1, the rates of males and current smokers were
89% and 84%, respectively, and the mean FEV1/FVC and FEV1 % pred were 0.81 and 94.6%,
respectively. The mean±SD ALR was 0.04±0.00. Any findings of emphysema, CLE and PSE were
observed in 39.0%, 20.9% and 30.8% of subjects, respectively. Figure 3 shows the distribution of CLE and
PSE grades in all subjects. Trace CLE accounted for the majority of those with CLE (12.8%), followed by
mild CLE (6.4%), moderate CLE (1.2%) and advanced CLE (0.6%). The proportion of subjects with mild
PSE was 11.0%, which was less than that of those with substantial PSE (19.8%). The range of weighted κ
coefficients for grades of PSE was from 0.87 to 0.90 and that for CLE was from 0.84 to 1.00
(supplementary table S1).
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Supplementary table S2 shows the FEV1/FVC and FEV1 % pred by each clinical feature. In all subjects, males
had a lower FEV1/FVC than females. There were no differences in respiratory function between subjects with
or without a history of asthma. No other medical history was associated with respiratory function.

Associations of emphysema and the ALR with lung function
To explore whether emphysema is associated with lung function, subjects were divided into two groups based
on visual emphysema, CLE or PSE, as shown in table 2. Subjects with CLE had a lower FEV1/FVC and
FEV1 % pred than subjects without CLE but not PSE. The percentages of FEV1/FVC <0.70 or FEV1/FVC

661 subjects with ≥10 pack-years underwent chest CT for lung cancer

    screening and spirometry

191 subjects between 40 and 49 years of age

19 excluded:

    CT abnormal shadow (consolidations, atelectasis,

        tumours, pneumothorax and thoracic deformity)

    Lack of demographic data

    >90 days between CT and spirometry

172 subjects

FIGURE 2 Flowchart of subject selection. CT: computed tomography.

a) b)

FIGURE 1 Representative images of subjects with or without a low airway/lung ratio (ALR) and centrilobular
emphysema (CLE). a) A 47-year-old male who did not have a low ALR (0.042) and no CLE. Forced expiratory
volume in 1 s (FEV1)/forced vital capacity (FVC) was 0.91 and FEV1 % pred was 102%. b) A 49-year-old male
presenting with a low ALR (0.033) and mild CLE (circled). FEV1/FVC was 0.74 and FEV1 % pred was 69%, which
was lower than that in the subject in a).
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<0.75 were higher in subjects with CLE than those without. Moreover, figure 4 shows that FEV1/FVC and
FEV1 % pred were significantly lower in subjects with mild or more severe CLE than those without CLE.
In contrast, FEV1/FVC and FEV1 % pred did not differ between those without PSE, those with trace
PSE and those with substantial PSE. A total of 61.1% of subjects with CLE and 41.5% of subjects
with PSE had other visual emphysema. The ALR did not differ between those with and without CLE.

Figure 5 shows that the ALR was significantly associated with FEV1/FVC (r=0.35, p<0.0001) and FEV1

% pred (r=0.26, p=0.0007) (supplementary table S3).

Subjects with LAA% ⩾5% had lower FEV1/FVC, but no difference in FEV1 % pred (supplementary table S4).

Relative associations of emphysema and the ALR with lung function in multivariable models
Table 3 shows the multivariable regression analysis exploring factors associated with FEV1/FVC. The presence
of visual emphysema was associated with a low FEV1/FVC (estimate −0.88 (95% CI −1.72–−0.04)).

TABLE 1 Characteristics of the subjects (n=172)

Age, years 45.3±2.7
Male 89.0
Height, cm 171.1±6.5
BMI, kg·m−2 24.1±3.7
Current smoker 84.3
FEV1/FVC 0.81±0.06
FEV1, % pred 94.6±11.9
FVC, % pred 94.8±10.5
Medical history
Asthma 3.5
Diabetes 2.9
Dyslipidaemia 10.4
Hypertension 10.5
Arrhythmia 5.8
Coronary artery disease 1.2

CT measurements
Visual emphysema 39.0
CLE 20.9
PSE 30.8
WT segmental, mm 1.34±0.12
WT subsegmental, mm 1.19±0.08
LA segmental, mm2 23.0±5.8
LA subsegmental, mm2 13.8±3.5
ALR 0.04±0.00
TLCCT, mL 5362.4±944.5
TLCCT, % pred 82.8±11.7

Data are presented as mean±SD or %. BMI: body mass index; FEV1: forced expiratory volume in 1 s; FVC: forced
vital capacity; CT: computed tomography; CLE: centrilobular emphysema; PSE: paraseptal emphysema; WT: wall
thickness; LA: lumen area; ALR: airway/lung ratio; TLCCT: total lung capacity on CT.

Advanced (0.6%)

Moderate (1.2%)

Mild (6.4%)

Trace (12.8%)

None (79.1%)

Substantial (19.8%)

Mild (11.0%)

None (69.2%)CLE

a) b)

PSE

FIGURE 3 Prevalence of emphysema subtypes in all subjects: a) centrilobular emphysema (CLE) and
b) paraseptal emphysema (PSE).
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When examined by subtype of emphysema, CLE was associated with a low FEV1/FVC, whereas PSE was
not (estimate −1.64 (95% CI −2.68–−0.60) and 0.07 (95% CI −0.86–1.00), respectively). A low ALR
was associated with a low FEV1/FVC in all models. The associations of FEV1 % pred with visual
emphysema, its subtypes and the ALR showed similar trends (table 4). The associations of FEV1/FVC and
FEV1 % pred with CLE and the ALR were confirmed in the model using segmental wall thickness
(supplementary tables S5 and S6). There was no interaction between CLE and the ALR (supplementary
tables S7 and S8).

Discussion
This study used lung cancer screening CT data in younger smokers and showed that CLE, but not PSE,
and the ALR were significantly associated with FEV1/FVC and FEV1 % pred. Moreover, multivariable
analyses showed that CLE and a smaller ALR on a CT scan were independently associated with lower
respiratory function in young smokers. These findings suggest that a combination of a native airway
structure characterised by a smaller airway tree calibre relative to lung size and smoking-related ongoing
lung destruction characterised by CLE emergence could impair lung function in younger smokers.

Early detection of COPD and establishment of an early interventional strategy, especially at a younger age,
is of great interest to change the natural course of the disease [21, 22]. Moreover, since many
pathophysiological changes, such as emphysema, are observed before COPD diagnosis, the concepts of
pre-COPD and early COPD have been recently proposed to identify subjects with a high risk of COPD
[23, 24]. It is critical to understand the structural changes underlying subclinical lung function impairment
before COPD diagnosis. To the best of our knowledge, this is the first study to show the relative
associations of the ALR and CLE with FEV1/FVC and FEV1 % pred in smokers before age 50 years. Our
data substantially extend the understanding of the structure‒function relationship in smokers before COPD
onset by showing that CT dysanapsis and CLE independently affected expiratory airflow on spirometry.

In the population for the present study, ∼90% of subjects with CLE were found to have a degree of CLE
<5% (trace/mild) and even the mild form of CLE affected respiratory function. A cut-off value of 5% has
been proposed to decrease clinically relevant emphysema, particularly in quantitative analyses [25], and this
study also showed subjects with LAA% ⩾5% had lower FEV1/FVC. A previous report revealed that trace

TABLE 2 Characteristics of subjects with and without each type of emphysema

Visual emphysema CLE PSE

+ − + − + −

Subjects 67 (39.0) 105 (61.0) 36 (20.9) 136 (79.1) 53 (30.8) 119 (69.2)
Age, years 45.3±2.6 45.2±2.7 45.8±2.5 45.2±2.7 45.1±2.7 45.4±2.7
Male 92.5 86.7 88.9 89.0 94.3 86.6
Height, cm 172.0±6.1 170.5±6.8 172.7±5.6 170.7±6.7 171.7±6.3 170.9±6.6
BMI, kg·m−2 23.2±3.1* 24.7±3.8 22.9±3.3* 24.5±3.7 23.1±3.1* 24.6±3.8
Current smoker 88.1 81.9 86.1 83.8 90.6 81.5
FEV1/FVC 0.80±0.06 0.81±0.05 0.78±0.07* 0.81±0.05 0.80±0.06 0.81±0.06
FEV1/FVC <0.70 4.5 1.9 8.3* 1.5 3.8 2.5
FEV1/FVC <0.75 19.4* 7.6 22.2* 9.6 17.0 10.1
FEV1, % pred 92.5±12.2 95.9±11.6 90.4±12.2* 95.7±11.6 92.7±12.2 95.5±11.7
CLE 53.7 0.0 41.5* 11.8
PSE 79.1 0.0 61.1* 22.8
LAA% ⩾5 23.9* 12.4 27.8* 14.0 22.6 14.3
WT segmental, mm 1.35±0.12 1.33±0.11 1.36±0.13 1.33±0.11 1.35±0.13 1.33±0.11
WT subsegmental, mm 1.19±0.08 1.19±0.08 1.19±0.08 1.19±0.08 1.18±0.09 1.19±0.08
LA segmental, mm2 23.3±5.6 22.8±5.9 23.6±5.6 22.8±5.8 22.9±5.0 23.0±6.1
LA subsegmental, mm2 14.2±3.7 13.5±3.3 14.2±4.0 13.6±3.3 13.8±3.4 13.7±3.5
ALR 0.04±0.00 0.04±0.00 0.04±0.00 0.04±0.00 0.04±0.00 0.04±0.00
TLCCT, L 5.49±1.01 5.28±0.90 5.53±0.96 5.32±0.94 5.52±1.02 5.29±0.90
TLCCT, % pred 83.4±13.3 82.3±10.6 84.1±14.0 82.4±11.1 83.8±13.1 82.3±11.0

Data are presented as n (%), mean±SD or %. CLE: centrilobular emphysema; PSE: paraseptal emphysema; BMI: body
mass index; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; LAA: percentage of low attenuation
area <−950 HU to the total lung; WT: wall thickness; LA: lumen area; ALR: airway/lung ratio; TLCCT: total lung
capacity on computed tomography. *: p<0.05 compared with subjects without the same type of emphysema.
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or greater visual emphysema on a CT scan predicted lower pulmonary function and progressive respiratory
disease [12]. On the visual emphysema subtyping, CLE, but not PSE, was associated with a lower FEV1/
FVC and FEV1 % pred. This is consistent with previous CT studies showing that physiological impacts are
greater in CLE than in PSE [11, 17, 26, 27]. Small airways <2 mm in internal diameter are the major site
of airflow obstruction in COPD [28]. Small airway disease is more prominent in CLE than in PSE [29].
Subjects with CLE have fewer terminal bronchioles on micro-CT [30]. Collectively, we think that while
the current criteria for pre-COPD and early COPD include the extent of overall emphysema [22, 24, 31],
the presence of trace or more CLE should be added to the criteria for better identification of high-risk
subjects. This should be further investigated, particularly in longitudinal studies.

In a recent report, FEV1/FVC <0.75 was cited as one of the predictors of future chronic airflow limitation
in middle-aged ever-smokers [32]. Our data extend this by showing that the prevalence of CLE was higher
in subjects with FEV1/FVC <0.75 than those without.
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FIGURE 4 Lung function among each grade of visual emphysema: a, b) centrilobular emphysema (CLE) and
c, d) paraseptal emphysema (PSE). Comparisons of a) forced expiratory volume in 1 s (FEV1)/forced vital
capacity (FVC) and b) FEV1 % pred in subjects without CLE, those with trace CLE and those with mild or more
severe CLE (mild, moderate, confluent and advanced). Comparisons of c) FEV1/FVC and d) FEV1 % pred in
subjects without PSE, those with mild PSE and those with substantial PSE. **: p<0.01.
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A smaller ALR was also associated with a lower FEV1/FVC and FEV1 % pred in this study. One would
argue that the difference in the ALR might be affected by total lung volume because emphysema may
cause lung hyperexpansion due to loss of elastic properties. However, we think this factor should have a
minimal effect. The data showed no differences in TLCCT between subjects with or without emphysema.
Therefore, the association between a lower ALR and lower lung function could suggest that an intersubject
variation in airway tree size rather than lung size may be a determinant of lung function irrespective of the
presence of emphysema.

A history of asthma is associated with impaired lung growth and small airway trees, and increases the risk
for developing COPD [33, 34]. The association with dysanapsis was also shown in atopic asthma [35]. In
this study, six subjects (3.5%) had a history of asthma and their respiratory function tended to be lower
(without statistical significance), while the ALR did not differ (supplementary table S1). The results of
multivariate regression analysis for the FEV1/FVC and FEV1 % pred values were invariant in sensitivity
analyses in subjects without a history of asthma (supplementary tables S9 and S10).

The associations of wall thickness of the segmental and subsegmental airways with FEV1 % pred and
FEV1/FVC were absent or minimal in this study. This is inconsistent with a previous report on an
association between airway wall thickness and respiratory function in patients with COPD [36]. This
discrepancy might be because the population in this study was younger than that in the previous study.
Additionally, a report showed that airway wall thickness on CT scan was associated with a decline in
FEV1 in smokers [37]. This should be further investigated in younger populations in future studies.
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FIGURE 5 Association of the airway/lung ratio (ALR) on computed tomography with lung function: a) forced
expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) and b) FEV1 % pred. Pearson correlation coefficients
and p-values for a) and b) were r=0.35, p<0.0001 and r=0.26, p=0.0007, respectively. CLE: centrilobular
emphysema.

TABLE 3 Multivariable regression analysis for forced expiratory volume in 1 s/forced vital capacity

Model 1 Model 2 Model 3 Model 4

Visual emphysema+ −0.88 (−1.72–−0.04)*
CLE+ −1.61 (−2.59–−0.63)** −1.64 (−2.68–−0.60)**
PSE+ −0.40 (−1.30–0.50) 0.07 (−0.86–1.00)
WT subsegmental per 1 mm increase 9.65 (−1.98–21.3) 10.3 (−1.11–21.7) 8.96 (−2.77–20.7) 10.3 (−1.17–21.7)
ALR per 0.01 increase 6.63 (4.10–9.17)**** 6.72 (4.23–9.21)**** 6.46 (3.90–9.03)**** 6.73 (4.23–9.23)****
Age per 1 year increase −0.14 (−0.43–0.16) −0.09 (−0.39–0.20) −0.15 (−0.45–0.15) −0.09 (−0.39–0.20)
Male −2.08 (−3.39–−0.78)** −2.23 (−3.50–−0.95)*** −2.12 (−3.44–−0.80)** −2.24 (−3.53–−0.95)***
BMI per 1 kg·m−2 increase −0.06 (−0.32–0.19) −0.08 (−0.33–0.17) −0.02 (−0.28–0.23) −0.08 (−0.33–0.17)
Smoking status, current 0.23 (−0.87–1.34) 0.20 (−0.88–1.28) 0.18 (−0.94–1.29) 0.19 (−0.90–1.28)

Data are presented as estimate (95% CI). CLE: centrilobular emphysema; PSE: paraseptal emphysema; WT: wall thickness; ALR: airway/lung ratio;
BMI: body mass index. *: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001.
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The present findings have clinical relevance. First, CT findings of CLE and a low ALR can be used to
identify young smokers with subclinical lung function abnormalities and to provide them with intense
smoking cessation programmes. Moreover, although there are no currently approved medications to prevent
COPD development in younger subjects, the present findings can be used to help high-risk subjects by
testing whether new medications can be effective for preventing COPD development in young subjects.
Second, considering that dysanapsis reflects a disproportionate growth pattern in the shape of the airway
tree and lung [9], and that dysanapsis on a CT scan is stable in adulthood [10], the observed association
between a low ALR and low lung function elucidates the importance of early intervention to facilitate
normal airway/lung growth before adulthood to prevent lung function impairment in individuals in their
40s. The causes of abnormal lung growth range from the prenatal period (in utero smoking exposure) to
childhood (pre-term birth, bronchopulmonary dysplasia and childhood asthma) [38, 39]. Smoking may
also cause lung growth failure and an accelerated decline in FEV1 in subjects with early exposures, such as
infant lower respiratory tract infection, manual social class, household overcrowding and pollution
exposure [8]. Thus, smoking cessation is important in these subjects.

There are some limitations of this study. First, the target population included subjects who had undergone
health check-ups and was therefore more limited than studies on the entire population. Second, spirometry
was not performed under the use of bronchodilators because post-bronchodilator spirometry is not
routinely conducted at medical check-up programmes. Third, multiple CT scanners with different
conditions were used to assess visual emphysema and the ALR. Fourth, since expiratory CT was not
performed and data of forced expiratory flow at 25–75% of FVC (FEF25–75%) were not available, the
extent of small airway disease could not be estimated in this study. Fifth, while information on early-life
disadvantage as a cause of lung growth abnormalities was not obtained, the association with the ALR
could not be examined.

In conclusion, this study used chest CT and spirometry in young smokers to show that the presence of
CLE and a low ALR are associated with a lower FEV1 % pred and FEV1/FVC. CT findings of CLE and
the ALR might be useful to separately evaluate factors associated with smoking-related lung destruction
and abnormal airway/lung growth due to congenital factors and childhood medical events, and to define
younger subjects who have a higher risk of COPD development.
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TABLE 4 Multivariable regression analysis for forced expiratory volume in 1 s percentage predicted

Model 1 Model 2 Model 3 Model 4

Visual emphysema+ −2.00 (−3.84–−0.17)*
CLE+ −3.01 (−5.18–−0.85)** −2.81 (−5.10–−0.52)*
PSE+ −1.37 (−3.33–0.59) −0.57 (−2.61–1.47)
WT subsegmental per 1 mm increase −4.81 (−30.2–20.6) −3.97 (−29.1–21.2) −6.07 (−31.6–19.5) −3.79 (−29.0–21.4)
ALR per 0.01 increase 10.8 (5.31–16.4)*** 11.0 (5.47–16.4)*** 10.4 (4.84–16.0)*** 10.9 (5.36–16.4)***
Age per 1 year increase −0.26 (−0.92–0.39) −0.19 (−0.84–0.46) −0.30 (−0.96–0.35) −0.20 (−0.86–0.45)
Male −1.14 (−3.99–1.70) −1.45 (−4.26–1.35) −1.15 (−4.03–1.73) −1.35 (−4.19–1.49)
BMI per 1 kg·m−2 increase −0.31 (−0.86–0.25) −0.32 (−0.87–0.23) −0.25 (−0.81–0.31) −0.34 (−0.90–0.21)
Smoking status, current −0.44 (−2.85–1.97) −0.55 (−2.92–1.83) −0.49 (−2.93–1.94) −0.47 (−2.86–1.93)

Data are presented as estimate (95% CI). CLE: centrilobular emphysema; PSE: paraseptal emphysema; WT: wall thickness; ALR: airway/lung ratio;
BMI: body mass index. *: p<0.05; **: p<0.01; ***: p<0.001.
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