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Objective: Considering the different prevalence rates of diseases such as asthma and chronic obstructive pulmonary disease
in Asians relative to other races, Koreans may have unique airway structure and lung function. This study aimed to investigate
unique features of airway structure and lung function based on quantitative computed tomography (QCT)-imaging metrics in
the Korean Asian population (Koreans) as compared with the White American population (Whites).
Materials and Methods: QCT data of healthy non-smokers (223 Koreans vs. 70 Whites) were collected, including QCT structural
variables of wall thickness (WT) and hydraulic diameter (Dh) and functional variables of air volume, total air volume change in
the lung (ΔVair), percent emphysema-like lung (Emph%), and percent functional small airway disease-like lung (fSAD%). MannReceived January 31, 2019; accepted after revision May 9, 2019.
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Whitney U tests were performed to compare the two groups.
Results: As compared with Whites, Koreans had smaller volume at inspiration, ΔVair between inspiration and expiration (p <
0.001), and Emph% at inspiration (p < 0.001). Especially, Korean females had a decrease of ΔVair in the lower lobes (p <
0.001), associated with fSAD% at the lower lobes (p < 0.05). In addition, Koreans had smaller Dh and WT of the trachea (both,
p < 0.05), correlated with the forced expiratory volume in 1 second (R = 0.49, 0.39; all p < 0.001) and forced vital capacity
(R = 0.55, 0.45; all p < 0.001).
Conclusion: Koreans had unique features of airway structure and lung function as compared with Whites, and the difference
was clearer in female individuals. Discriminating structural and functional features between Koreans and Whites enables
exploration of inter-racial differences of pulmonary disease in terms of severity, distribution, and phenotype.
Keywords: Hydraulic luminal diameter; Airway wall thickness; Image registration; Percent emphysema-like lung; Percent
functional small airway disease-like lung

INTRODUCTION
Ethnicity is an important factor in the prediction of the
prevalence of pulmonary disease: The prevalence of asthma
is lower in Koreans than in Europeans (1), and among
Americans residents of > 10 years’ status, Chinese have
less prevalence of asthma than do Whites (2). Moreover,
the incidence of chronic obstructive pulmonary disease
(COPD) is lower in the Western Pacific region than in the
American region (3). The different disease prevalence
rate in Asians compared to Americans may be associated
with their distinct airway structure and lung function;
hence, investigating features of the airway and lung is a
critical step in understanding the different phenotypes of
pulmonary diseases in Asians. The hypothesis of our study
was that the quantitative computed tomography (QCT)
imaging features of Korean Asians (Koreans) are different
from those of White Americans (Whites).
Studies focused on comparative lung function between
Asians and Whites have reported findings through genetic
and pulmonary function test (PFT): MET-N375S germline
mutation in the lung tumors was more frequent in East
Asians than in Caucasians (4); total lung capacity (TLC) was
larger in Caucasians than in Chinese, but residual volume
(RV) had no difference (5). In addition, Whittaker et al. (6)
demonstrated that ethnicity is an important predictor of
lung function, even among those of similar height.
With regard to QCT imaging, there are few comparative
studies including Asians and Whites. Hoffman et al. (7)
reported that among the healthy subjects included in
their study, Asians had lower emphysema percent than did
Whites, but information of additional imaging features such
as airway diameter, wall thickness (WT), and registrationderived mechanical metrics was not provided. Recent
advancement in QCT techniques enables detection of
kjronline.org
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invisible minimal changes such as those of the luminal
diameter and WT (8). Studies have reported the CT features,
including increased WT and hydraulic diameter (Dh) in
the upper lobes and decreased value of these variables in
the lower lobes of patients with severe asthma (9), and
decreased normalized Dh in the segmental airways of patients
with asthma and those with COPD relative to healthy
subjects (10). A study to assess emphysema and functional
small airway disease reported the presence of parenchymal
change at the voxel level between healthy individuals,
patients with asthma, and patients with COPD (10). Another
study indicated that registration-derived air volume change
in subjects with severe asthma was decreased at the basal
lung, associated with increasing air trapping (11).
Studies investigating differences of the segmental
structure and lobar function between healthy Koreans and
Whites using QCT are needed to clarify the differences of
lung function and disease prevalence in these populations.
The current study was focused on QCT imaging metrics
including an extensive set of multiscale structural
and functional features measured at the level of the
segmental airways and parenchymal lungs, with the aid
of computational techniques (9-13). This study aimed to
investigate unique features of airway structure and lung
function based on QCT-imaging metrics in the Korean Asian
population (Koreans) as compared with the White American
population (Whites).

MATERIALS AND METHODS
Korean and White Subjects’ Data Set
Data of Koreans were collected from Chonbuk National
University Hospital (CNUH) and data of Whites were
collected from two multicenter studies, parts of the Severe
Asthma Research Program (SARP), [University of Pittsburgh,
1237

Cho et al.

University of Wisconsin, and Washington University in Saint
Louis] (14), and SubPopulations and InteRmediate Outcome
Measures In COPD Study (SPIROMICS), [Columbia University,
Johns Hopkins University, University of California at Los
Angeles, University of Michigan, University of California at
San Francisco, University of Utah, Wake Forest University]
(15). The study was retrospectively designed and approved
by the Institutional Review Board at individual sites.
Between January 2014 to December 2016, CT datasets
of 296 Koreans were collected; inclusion criteria were as
follows: 1) age over 18 years; 2) absence of known history
of lung disease or surgery; 3) absence of lung lesion or
expiratory air trapping on CT images except for some tiny
(< 5 mm) benign-looking pulmonary nodules; and 4) PFT
reports within 1 week of CT date. Current smokers (n = 40)
and former smokers (n = 35) were excluded. Finally, 223
Korean non-smokers were included in the study. Of these,
52 Koreans were part of the previous study of Kim et al.
(8). Criteria of the subject selection in SARP and SPIROMICS
have been reported (14, 15).
CNUH, SARP, and SPIROMICS had a total number of
healthy non-smokers of 223, 36, and 69, respectively.
CNUH data consisted of only Koreans, whereas SARP and
SPIROMICS data consisted of multiethnic subjects, so we
further extracted data of Whites (n = 70) including those
of SARP (n = 27) and SPIROMICS (n = 43). Fifty-seven

Americans from
SPIROMICS (n = 69)

Americans from
SARP (n = 36)

Healthy Koreans (n = 223)
Koreans who have CTs from 2014 January to 2016 December
1) Age over 18 years, non-smokers
2) Non-smokers
3) Absence of known history of lung disease or surgery
4) Absence of lung lesion or expiratory air trapping

Korean males (n = 57)

Korean male individuals were compared with 29 White
male individuals, and 166 Korean female individuals were
compared with 41 White female individuals. To control the
variability of sex, age, and height, analysis of covariance
(ANCOVA) tests were performed, which are available on
(Supplementary Tables 1 and 2). Since sex, age, and height
were found to be significantly correlated with imaging
metrics, subgroups of Korean and White subjects of similar
age range and height were compared (27 Korean male
individuals vs. 27 White male individuals; 38 Korean female
individuals vs. 38 White female individuals). The flowchart
of subject selection is shown in Figure 1. Major criteria
used to define healthy subject were as follows (Table 1):
1) inexperienced smoking, 2) % predicted value of forced
expiratory volume in 1 second (FEV1) of > 80% and forced
vital capacity (FVC) of > 80%, 3) FEV1/FVC of > 70%. PFTs
of CNUH, SARP, and SPIROMICS were performed according to
the American Thoracic Society guidelines (16).
The imaging protocols between projects are provided
in Supplementary Table 3. Inspiratory scans (Insp) were
acquired at TLC, whereas expiration scans (Exp) at either
functional residual capacity (FRC) or RV. In CNUH and SARP,
the Exp were acquired at FRC, whereas those in SPIROMICS
at RV. Statistical analysis of the volumetric difference
between CT-based FRC and RV is shown in Supplementary
Table 4.

White males (n = 29)

Healthy Whites (n = 70)
Whites who provided by SARP (n = 27) and SPIROMICS (n = 43)
1) Extraction of Whites in Americans
2) Age over 20 years
3) Non-smokers

Korean females (n = 166)

White females (n = 41)

1:1 matching by age, height
27 Korean males
Age: 47.7 (14.2) yrs
Height: 173.5 (7.1) cm
vs.
27 White males
Age: 50.9 (18.5) yrs
Height: 175 (7.1) cm

38 Korean females
Age: 46.3 (16.9) yrs
Height: 162.8 (3.9) cm
vs.
27 White females
Age: 47.8 (17.6) yrs
Height: 163.9 (5.5) cm

Fig. 1. Flow chart of subject selection of male and female subgroups. Values are presented as mean (standard deviation). COPD = chronic
obstructive pulmonary disease, SARP = Severe Asthma Research Program, SPIROMICS = SubPopulations and InteRmediate Outcome Measures In
COPD Study
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Table 1. Demographic and PFT Information of Koreans and Whites
Demographic and PFT
Sex, n (female)
Age (y)
Height, cm
BMI, kg/m2
FVC, L
FEV1, L
FVC, %predicted
FEV1, %predicted
FEV1/FVC x 100

Korean (n = 223)
166
51.8 (15.6)
159.4 (9.3)
24.3 (3.7)
3.3 (0.9)
2.7 (0.8)
103.4 (13.7)
105.2 (14.7)
82.0 (5.7)

White (n = 70)
41
50.5 (18.1)
169.2 (8.5)
26.7 (4.9)
4.0 (0.9)
3.1 (0.7)
99.6 (9.8)
98.9 (12.1)
78.3 (6.7)

P
0.011
0.678
< 0.001
< 0.001
< 0.001
< 0.001
0.019
< 0.001
< 0.001

Values are presented as mean (SD). BMI = body mass index, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, PFT
= pulmonary function test, SD = standard deviation

RUL

sRUL

sLUL
sRML

LUL

RML

sLLL
sRLL
RLL

LLL

A
B
Fig. 2. A. Five central airways and five subgroups of segmental airway. B. Frontal view of color-coded five lobes.

Hydraulic diameter and wall thickness included regions in A. Percent emphysema-like lung and percent fSAD involved regions in B. BronInt =
bronchus intermedius, fSAD = functional small airway disease-like lung, LLL = left lower lobe, LMB = left main bronchus, LUL = left upper lobe,
RLL = right lower lobe, RMB = right main bronchus, RML = right middle lobe, RUL = right upper lobe, sLLL = subgrouped LLL including branches of
LB6 and LB8 to LB10, sLUL = subgrouped LUL including branches of LB1 to LB5, sRLL = subgrouped RLL including branches of RB6 to RB10, sRML
= subgrouped RML including branches of RB4 and RB5, sRUL = subgrouped RUL including branches of RB1 to RB3, TriLLB = trifurcation of left
lower bronchus,TriLUL = trifurcation of LUB, TriRLL = trifurcation of RLL, TriRUL = trifurcation of RUB

QCT Imaging Metrics
Quantitative analysis of the airways and lobes was
performed using Apollo software (VIDA Diagnostics,
Coralville, IA, USA) including 39 imaging-based metrics
of 20 structural and 19 functional variables at multiscale
regions (Fig. 2). For structural variables, WT and Dh were
extracted at five central airways and five subgroups of the
lobes (Fig. 2A). Dh (4 x luminal area ÷ perimeter of luminal
area) was used to assess the non-circular airway shape (9).
The five central airways included the trachea, right main
bronchus (RMB), bronchus intermedius (BronInt), left main
bronchus (LMB), and trifurcation of left lower bronchus
(TriLLB); the five subgroups included the right upper lobe
(sRUL), right middle lobe (sRML), right lower lobe (sRLL),
kjronline.org
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left upper lobe (sLUL), and left lower lobe (sLLL).
Functional variables included air and tissue volume at
in- and expiration (Vair, Insp, Vtissue, Insp, Vair, Exp, and Vtissue,
Exp). Imaging registration technique between inspiration
and Exp was used to further extract functional variables
including the total air volume change in the lung (ΔVair),
ratio of the air volume changes at the upper lobes to those
at the middle and lower lobes (U / [M + L]|v), and ratio of
the air volume changes in the left to those in the right lobes
(L / R|v) (11, 17). Fraction-threshold method was used for
percent emphysema-like lung (Emph%), and functional small
airway disease-like lung (fSAD%) (18) at the total lung and
five lobes (Fig. 2B). In this study, imaging metrics were
performed according to Choi et al. (9, 11).
1239
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Statistical Analysis
Mann-Whitney U test (19) was used to compare the
structural and functional metrics of the segmental
airways and lobar/total lung between Korean and White
subjects, and the significance level was set to 0.05. Of
total 33 statistical tests performed, the false discovery
rate was 5.4%. Pearson correlation tests were performed
for associations of the imaging variables with inspiratory
volume (ΔVair, FEV1, and FVC) among 293 total subjects (223
Koreans and 70 Whites). Software R was used for statistical
analyses (20).

RESULTS
Comparison of Functional Variables between Koreans
and Whites
Functional differences between Koreans and Whites are
shown in Table 2 (male individuals) and Table 3 (female

individuals). The subjects’ height and age were significantly
different between Koreans and Whites; to eliminate
confounding effects, age and height-matched subgroups of
male and female individuals were selected to achieve similar
distribution between Koreans and Whites. The results of
subgroup analyses were consistent with those of the entire
samples (Tables 2, 3). Koreans had smaller Vair, Insp, Vtissue,
Insp, Vtissue, Exp, and ΔVair, and larger Vair, Exp, compared with
Whites in both the male and female subgroups. The L / R|v
had decreased value in the Koreans as compared to the
Whites in both subgroups (Korean males: 87.7 ± 5.9%,
White males: 94.3 ± 9%, p = 0.008, Korean females: 85.6
± 6.7%, White females: 92.2 ± 7%, p < 0.001), but the
U / [M + L]|v had increased value in the female subgroup
of Koreans (Korean females: 70.1 ± 10%, White females:
62.1 ± 11%, p = 0.002). The local ΔVair normalized by the
median of ΔVair was calculated for Korean female individuals
(age, 30 years; height, 160 cm; weight, 58 kg) and White

Table 2. Comparison of PFT Information and Functional Variables between Korean Male Subjects and White Male Subjects
Variables
Age (y)
Height (cm)
FVC (L)
FEV1 (L)
Vair, Insp (L)
Vair, Exp (L)
Vtissue, Insp (mL)
Vtissue, Exp (mL)
ΔVair (L)
L / R|v (%)
U / [M + L]|v (%)
Emph%(%)

fSAD% (%)

Region

Total
Total
Total
Total
Total
Total
LUL
LLL
RUL
RML
RLL
Total
LUL
LLL
RUL
RML
RLL

Total Male (n = 86)
Korean (n = 57)
White (n = 29)
42.9 (15.2)
52.3 (18.7)*
171.2 (6.8)
175.7 (7.4)†
4.3 (0.8)
4.7 (0.9)
3.6 (0.7)
3.6 (0.7)
4.6 (0.9)
5.1 (1.0)*
2.4 (0.7)
2.0 (0.5)*
758.8 (97.7)
883.8 (112.5)‡
708.6 (89.6)
844.1 (103.8)‡
2.2 (0.9)
3.1 (0.8)‡
88.0 (7.0)
94.0 (8.7)†
73.0 (11.7)
68.9 (19.5)
2.0 (2.2)
4.6 (4.8)‡
2.3 (2.8)
5.5 (5.8)‡
1.9 (2.3)
3.7 (3.9)†
1.4 (1.8)
3.8 (4.5)‡
3.2 (3.4)
8.7 (8.8)‡
1.6 (1.9)
3.4 (4.0)†
10.1 (11.5)
6.8 (5.8)
15.4 (16.6)
9.7 (9.4)
3.6 (6.0)
2.0 (3.0)
12.2 (15.2)
8.6 (8.0)
24.8 (21.2)
20.0 (15.5)
4.5 (8.5)
1.9 (2.4)

Subgroup Male (n = 54)
Korean (n = 27)
White (n = 27)
47.7 (14.2)
50.9 (18.5)
173.5 (7.1)
175.0 (7.1)
4.4 (0.8)
4.7 (0.9)
3.5 (0.8)
3.6 (0.7)
4.8 (1.0)
5.0 (0.9)
2.6 (0.6)
2.0 (0.5)†
791.1 (104.4)
874.8 (110.2)†
733.9 (99.5)
835.1 (99.5)‡
2.2 (0.7)
3.0 (0.8)‡
87.7 (5.9)
94.3 (9.0)†
72.7 (12.6)
69.6 (20.1)
1.8 (2.1)
4.5 (5.0)‡
2.0 (2.6)
5.5 (6.0)‡
1.7 (2.0)
3.7 (4.1)†
1.3 (2.0)
3.8 (4.6)‡
2.9 (3.7)
8.5 (9.1)‡
1.5 (1.9)
3.3 (4.1)†
9.7 (9.6)
6.7 (6.0)
15.5 (15.7)
10 (9.7)
3.1 (4.0)
2.1 (3.1)
12.0 (13.4)
8.5 (8.0)
25.8 (19.7)
19.1 (15.1)
3.0 (4.7)
1.8 (2.4)

Values are presented as mean (SD). *p < 0.05, †p < 0.01, ‡p < 0.001. Emph% = percent emphysema-like lung, fSAD% = percent functional
small airway disease-like lung, LLL = left lower lobe, L / R|v = ratio of air volume changes in left to those in right lobes, LUL = left upper
lobe, RLL = right lower lobe, RML = right middle lobe, RUL = right upper lobe, U / [M + L]|v = ratio of air volume changes at upper lobes
to those at middle and lower lobes, Vair, Exp = air volume at expiration, Vair, Insp = air volume at inspiration, Vtissue, Exp = tissue volume at
expiration, Vtissue, Insp = tissue volume at inspiration, ΔVair = total air volume change in lung
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Table 3. Comparison of PFT Information and Functional Variables between Korean Female Subjects and White Female Subjects
Variables
Age (y)
Height (cm)
FVC (L)
FEV1 (L)
Vair, Insp (L)
Vair, Exp (L)
Vtissue, Insp (mL)
Vtissue, Exp (mL)
ΔVair (L)
L / R|v (%)
U / [M + L]|v (%)
Emph% (%)

fSAD% (%)

Region

Total
Total
Total
Total
Total
Total
LUL
LLL
RUL
RML
RLL
Total
LUL
LLL
RUL
RML
RLL

Total Female (n = 207)
Korean (n = 166)
White (n = 41)
54.8 (14.7)
49.2 (17.7)
155.4 (6.1)
164.6 (6.0)‡
2.9 (0.5)
3.6 (0.5)‡
2.4 (0.5)
2.8 (0.5)‡
3.2 (0.6)
4.2 (0.8)‡
2.0 (0.6)
1.8 (0.5)
616.9 (78.4)
732.7 (96.8)‡
573.7 (76.4)
726.9 (88.4)‡
1.2 (0.6)
2.4 (0.7)‡
83.4 (7.1)
92.3 (6.9)‡
73.9 (14.1)
61.7 (12.5)‡
0.9 (1.7)
1.5 (1.1)‡
0.8 (1.8)
2.0 (1.6)‡
1.1 (2.2)
1.4 (1.0)‡
0.5 (1.0)
1.3 (1.1)‡
1.3 (2.4)
2.4 (1.9)‡
0.8 (1.7)
1.0 (0.7)‡
7.7 (11.2)
3.6 (4.8)*
9.8 (14.0)
5.3 (7.5)
4.5 (9.4)
1.1 (2.0)*
8.8 (13.1)
4.4 (6.8)
16.2 (16.4)
12.3 (14.4)
4.5 (9.7)
1.1 (2.0)*

Subgroup Female (n = 76)
Korean (n = 38)
White (n = 8)
46.3 (16.9)
47.8 (17.6)
162.8 (3.9)
163.9 (5.5)
3.3 (0.5)
3.6 (0.5)*
2.8 (0.5)
2.9 (0.5)
3.4 (0.6)
4.1 (0.7)‡
2.0 (0.5)
1.7 (0.5)*
673.0 (77.3)
720.3 (89.0)*
614.9 (69.3)
715.2 (80.6)‡
1.5 (0.7)
2.3 (0.7)‡
85.6 (6.7)
92.2 (7.0)‡
70.1 (10.0)
62.1 (11.0)†
1.2 (2.7)
1.5 (1.1)‡
1.1 (3.0)
2.0 (1.6)‡
1.4 (3.4)
1.4 (1.1)†
0.7 (1.6)
1.3 (1.1)‡
1.7 (3.2)
2.4 (1.9)‡
1.1 (2.4)
1.0 (0.7)†
5.1 (6.5)
3.3 (4.2)
7.4 (10.0)
4.8 (6.4)
2.8 (4.8)
0.9 (1.3)*
5.8 (8.8)
4.1 (6.5)
13.1 (13.7)
11.7 (13.3)
2.4 (3.3)
0.9 (1.4)*

Values are presented as mean (SD). *p < 0.05, †p < 0.01, ‡p < 0.001.

female individuals (age, 23 years; height, 156.5 cm; weight,
53 kg); the distribution of larger ΔVair at the upper lobes
and smaller ΔVair at the lower lobes in a representative
Korean female subject relative to a representative White
female subject is shown in Figure 3A and B. The analysis of
correlation of PFT-based FEV1 and FVC values with functional
metrics revealed that in the entire cohort (n = 293), the
FEV1 and FVC were significantly correlated with the ΔVair (R
= 0.55 and 0.64; both p < 0.001) and L / R|v (R = 0.47 and
0.48; both p < 0.001).
The Emph% had smaller value at the total lung and five
lobar regions in Koreans compared with values in Whites
(total lung; Korean males: 1.8 ± 2.1%, White males: 4.5
± 5.0%, p < 0.001, Korean females: 1.2 ± 2.7%, White
females: 1.5 ± 1.1%, p < 0.001), whereas the fSAD% had
greater value in Korean female individuals (LLL; Korean
females: 2.8 ± 4.8%, White females: 0.9 ± 1.3%, p = 0.04,
RLL; Korean females: 2.4 ± 3.3%, White females: 0.9 ±
1.4%, p = 0.03). The distribution of fSAD-like regions in
Korean vs. White subjects is shown in Figure 3C and D; total
fSAD% of the subjects was 13.9% and 2.0%, respectively,
kjronline.org
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and fSAD-like lung portion had greater distribution at both
lower lobes in Korean female subjects, compared with that
of White female subjects (p < 0.02 at LLL and RLL).
Structural Comparison and Correlation with Inspiratory
Volume
Structural metrics of Dh and WT were compared between
Koreans and Whites (Tables 4, 5) at five central airways and
subgroups of regions (sLUL, sLLL, sRUL, sRML, and sRLL).
The Dh of Korean female subjects was smaller than that of
Whites at the central airways and subgroups of regions (p <
0.001 for all), whereas the Dh of Korean male subjects was
smaller except at the RMB, BronInt, and sRML. Compared
with Whites, the tracheal WT and RMB of Koreans were
similar, but significantly smaller at most of the airways in
Koreans. The difference of WT between Whites and Koreans
was greater in female than in male subjects, which was
a consistent finding through age-and-height-matching.
Correlation analysis of Dh and WT with functional metrics of
ΔVair, FEV1, and FVC in the entire cohort (n = 293) revealed
that the Dh in the trachea was significantly correlated with
1241
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Fig. 3. Distribution of ΔVair* (A, B), and fSAD in Korean (left column) and White female (right column) samples (C, D). Left lateral
view is shown, and each cube represents average of about 1000 voxels; voxels in C and D are labeled as 0 (non-fSAD) to 1 (fSAD). ΔVair* = air
volume change normalized by median value

the ΔVair, FEV1, and FVC (R = 0.60, 0.49, and 0.55; all p <
0.001); the tracheal WT was significantly correlated with
the ΔVair, FEV1, and FVC (0.41, 0.39, and 0.45; all p < 0.001).

DISCUSSION
Functional differences in the lungs by race were usually
investigated through spirometry or on the basis of genetics
(4-6). Advanced QCT imaging analysis and collaboration
1242

between Korea and the USA enabled exploration of
structural and functional differences between Koreans and
Whites at a multiscale level. To the best of our knowledge,
this is the first comparative study of airway structure
and lung function in Koreans versus Whites. QCT allows a
clear understanding of the physiology of airway structure
and lung function according to race, which may not be
explained through only spirometry and genetics. For more
reliable analyses, Koreans and Whites were categorized into
https://doi.org/10.3348/kjr.2019.0083
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Table 4. Comparison of Structural Variables between Korean Male Subjects and White Male Subjects
Variables
Dh (mm)

WT (mm)

Region
Trachea
RMB
BronInt
LMB
TriLLB
sRUL
sRML
sRLL
sLUL
sLLL
Trachea
RMB
BronInt
LMB
TriLLB
sRUL
sRML
sRLL
sLUL
sLLL

Total Male (n = 86)
Korean (n = 57)
White (n = 29)
17.9 (1.5)
19.0 (1.7)†
14.5 (1.2)
15.1 (1.7)
10.8 (1.1)
11.4 (1.3)
11.3 (1.2)
12.3 (1.3)†
8.0 (1.0)
8.7 (1.0)†
5.3 (0.8)
6.0 (0.7)‡
4.7 (0.6)
4.9 (0.8)
5.0 (0.7)
5.5 (0.8)‡
4.2 (0.5)
4.7 (0.5)‡
5.4 (0.8)
6.1 (0.7)‡
5.3 (0.4)
5.6 (0.5)*
4.9 (0.6)
5.2 (0.6)
3.7 (0.4)
4.0 (0.4)†
4.0 (0.6)
4.2 (0.5)
3.4 (0.3)
3.7 (0.3)‡
3.1 (0.3)
3.3 (0.3)‡
3.0 (0.2)
3.1 (0.3)*
3.0 (0.2)
3.2 (0.3)‡
2.8 (0.2)
3.0 (0.2)‡
3.1 (0.2)
3.4 (0.3)‡

Subgroup Male (n = 54)
Korean (n = 27)
White (n = 27)
17.8 (1.4)
18.9 (1.8)*
14.6 (1.3)
15.1 (1.8)
10.9 (1.0)
11.3 (1.4)
11.5 (1.3)
12.3 (1.3)*
8.1 (1.1)
8.7 (1.1)
5.4 (0.8)
5.9 (0.7)*
4.8 (0.6)
4.9 (0.8)
5.0 (0.9)
5.4 (0.8)*
4.3 (0.6)
4.7 (0.5)*
5.5 (0.9)
6.1 (0.7)†
5.4 (0.4)
5.5 (0.5)
5.0 (0.7)
5.1 (0.6)
3.7 (0.3)
3.9 (0.4)†
4.0 (0.6)
4.2 (0.6)
3.5 (0.3)
3.7 (0.3)*
3.1 (0.3)
3.3 (0.3)*
3.1 (0.2)
3.1 (0.3)
3.0 (0.2)
3.2 (0.3)†
2.9 (0.3)
3.0 (0.2)*
3.2 (0.3)
3.4 (0.3)†

Values are presented as mean (SD). *p < 0.05, †p < 0.01, ‡p < 0.001. BronInt = bronchus intermedius, Dh = hydraulic diameter, LMB = left
main bronchus, RMB = right main bronchus, sLLL = subgrouped LLL including branches of LB6 and LB8 to LB10, sLUL = subgrouped LUL
including branches of LB1 to LB5, sRLL = subgrouped RLL including branches of RB6 to RB10, sRML = subgrouped RML including branches of
RB4 and RB5, sRUL = subgrouped RUL including branches of RB1 to RB3, TriLLB = trifurcation of left lower bronohus, WT = wall thickness
Table 5. Comparison of Structural Variables between Korean Female Subjects and White Female Subjects
Variables
Dh (mm)

WT (mm)

Region
Trachea
RMB
BronInt
LMB
TriLLB
sRUL
sRML
sRLL
sLUL
sLLL
Trachea
RMB
BronInt
LMB
TriLLB
sRUL
sRML
sRLL
sLUL
sLLL

Total Female (n = 207)
Korean (n = 166)
White (n = 41)
14.5 (1.4)
16.3 (1.7)‡
12.3 (1.3)
13.6 (1.3)‡
9.2 (0.8)
10.1 (1.0)‡
9.6 (1.0)
11.1 (1.3)‡
7.2 (0.8)
8.0 (1.0)‡
4.6 (0.6)
5.5 (0.7)‡
4.1 (0.6)
4.6 (0.6)‡
4.3 (0.6)
5.2 (0.9)‡
3.7 (0.5)
4.4 (0.7)‡
4.7 (0.7)
5.6 (0.8)‡
4.8 (0.5)
4.9 (0.4)
4.1 (0.8)
4.4 (0.5)*
3.3 (0.3)
3.5 (0.3)‡
3.5 (0.5)
3.9 (0.6)‡
3.1 (0.2)
3.4 (0.3)‡
2.9 (0.2)
3.0 (0.2)‡
2.7 (0.2)
2.9 (0.2)‡
2.7 (0.2)
3.0 (0.2)‡
2.6 (0.2)
2.8 (0.2)‡
2.8 (0.2)
3.1 (0.2)‡

Subgroup Female (n = 76)
Korean (n = 38)
White (n = 38)
14.5 (1.1)
16.3 (1.8)‡
12.4 (1.1)
13.5 (1.3)‡
9.1 (0.7)
10.1 (1.0)‡
9.5 (1.1)
11.0 (1.3)‡
7.2 (0.9)
8.0 (1.0)‡
4.8 (0.7)
5.4 (0.7)‡
4.0 (0.6)
4.6 (0.6)‡
4.3 (0.7)
5.2 (0.9)‡
3.8 (0.5)
4.4 (0.7)‡
4.9 (0.8)
5.6 (0.8)‡
4.9 (0.5)
4.9 (0.4)
4.3 (0.8)
4.4 (0.5)
3.3 (0.3)
3.5 (0.3)‡
3.4 (0.4)
3.9 (0.6)‡
3.2 (0.3)
3.4 (0.3)‡
2.9 (0.2)
3.0 (0.2)*
2.7 (0.2)
2.9 (0.2)‡
2.7 (0.2)
2.9 (0.2)‡
2.6 (0.2)
2.8 (0.2)†
2.9 (0.2)
3.1 (0.2)‡

Values are presented as mean (SD). *p < 0.05, †p < 0.01, ‡p < 0.001
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subgroups to control the variability of sex, height, and age
due to sample distribution.
The QCT imaging metrics demonstrated that Koreans
had different features of lung function than Whites:
Koreans had smaller Vtissue, Insp and Vtissue, Exp, compared
with Whites, which under the assumption of equal tissue
density, indicated that the lung had smaller mass (weight)
in Koreans; with regard to the air volume, Koreans had
smaller Vair, Insp and larger Vair, Exp, leading to smaller ΔVair,
and the ΔVair was significantly correlated with the FEV1 and
FVC (R = 0.55, 0.64). These findings can be explained by
the results of a previous PFT-based study of the functional
differences between Asians and Whites (5) which indicated
that Chinese had smaller TLC compared to Whites. Another
study reported a decreased value of the pulmonary-function
indices FEV1 and FVC in Asian-Americans (21), which could
explain the decrease of ΔVair in Koreans. Our results showed
that Koreans have a decrease of L / R|v, suggesting that
Koreans may use more ventilation of the right lung than
the left lung when breathing. This is associated with lower
Vair, Insp in Koreans, so they had a decreased ΔVair of left
lung relative to the right lung. Koreans had significantly
lower Emph% considered an indicator of the presence of
emphysema-like lung, at the entire lobes than Whites;
similarly, the study of Multi-Ethnic Study of Atherosclerosis
(MESA) of Hoffman et al. (7) reported that Asians had lower
emphysema score than Whites.
Regarding airway structures, Koreans had significantly
decreased Dh and WT at the proximal airways as compared to
Whites. The Dh and WT measured at the level of inspiration
showed significant correlation with the functional metrics
of ΔVair, FEV1, and FVC, which is similar to the finding of
correlation of the normalized Dh with FEV1 %predicted, and
FEV1/FVC values reported through a study including healthy
individuals and patients with asthma (9). In our study
using a QCT and PFT-based approach, the results through
subgroup analysis of the healthy non-smokers confirmed
that the reduction of airway diameter was associated with
the reduced air volume changes.
For more reliable quantitative analysis, the male and
female subjects were divided to dissociate the sex-related
effect of airway dimension and lung size. Compared with
Whites, Koreans of the female but not male subgroup
showed decreased Dh and WT at the proximal airway regions,
as well as increased fSAD% and decreased air volume change
at the lower lobes (U / [M + L]|v). The finding of reduced
air volume change may be due to structural difference of
1244

the airways such as smaller Dh and WT in Korean female
individuals than in White female individuals; these features
could be associated with hormonal or environmental effect
of the female sex (22, 23).
This study has some limitations. First, this was a
retrospective study including Koreans from a single center
(residing in a nearby region); hence, the findings might be
affected by specific environmental influences (dust, gas,
and fumes), so that Korean subjects employed in this study
might not represent entire Korean population. A prospective
multinational and multicenter study with larger number
of subjects is required to confirm our results. Second, the
scanners, scanning parameters, coaching compliance varied
according to centers and subjects (Supplementary Table 3),
which may have led to variation in the values of fSAD% and
Emph%. Nevertheless, our findings such as the differences
of airway size and air volume change can be considered
as reliable, because similar finding of air volume change
between Koreans and Whites was reported by a previous
study using PFT-based approach (5, 21). Fraction-threshold
methods were used in our study to control the intersite
variability of Emph% and fSAD% (11), and the results
obtained combined with those of the MESA study clearly
indicated that Koreans had significantly decreased Emph%
compared to Whites (7).
In conclusion, QCT imaging metrics revealed several
unique structural and functional features of Koreans as
compared with Whites, which may be associated with the
differences of PFT and disease prevalence or manifestation.
Differentiating structural and functional features between
Koreans and Whites enables further exploration of interracial differences of pulmonary disease in terms of severity,
distribution, and phenotype. Further studies including more
subjects with a genetic approach are necessary to fully
understand the differences in lung function and airway
structure according to ethnicity, which is a key to the
differences in disease prevalence or therapeutic response.
The findings obtained would enable development of
personalized medicine.

Supplementary Materials
The Data Supplement is available with this article at
https://doi.org/10.3348/kjr.2019.0083.
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