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Purpose: To identify the risk factors for chronic obstructive pulmonary disease (COPD) in view of potential etiotypes in a general
population and referred COPD patients.

Patients and Methods: We performed a cross-sectional observational study utilizing two distinct datasets: a dataset of a general
population including 2430 subjects with COPD from the Korea National Health and Nutrition Examination Survey (KNHANES) and
another dataset of referral clinics including 579 patients with COPD from the Korean Obstructive Lung Disease (KOLD).

Results: The mean age of both groups was 67 years, and 71.2% and 93.8% were male in the COPD subjects from the KNHANES and
the KOLD, respectively. The mean forced expiratory volume in 1 second of predicted value was 79.1% (KNHANES) and 55.4%
(KOLD). The frequency of risk factors of cigarette smoking (C), infection (I), pollution (P), and asthma (A) was 54.6%, 9.4%, 10.7%,
and 7.9%, respectively, in the KNHANES COPD subjects, and 88.4%, 26.6%, 41.6%, and 35.2%, respectively, in the KOLD COPD
subjects. Risk factors were unidentified in 32.6% (KNHANES) and 3.1% (KOLD) of COPD subjects. Additionally, 14.1% and 66.2%
of subjects with COPD had two or more risk factors in the KNHANES and KOLD, respectively.

Conclusion: The profiles of risk factors C, I, P, and A were identified and appeared to be different among the two COPD groups from
a general population or referral clinics. In some of the COPD subjects, risk factors were not identified, so we should endeavour to find
out unidentified COPD risk factors, especially in the general population.
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Introduction
Exposure to noxious particles or cigarette smoke has been traditionally regarded as an important cause of chronic
obstructive pulmonary disease (COPD), one of the global, high-burden diseases.' Although cigarette smoking is the most
important etiology of COPD, several studies have been conducted in never-smoker COPD populations.”” In particular, the
relationship between COPD and various risk factors not associated with exposure to noxious particles or gases led to
a change in the definition of COPD with the development of the etiotype concept in the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2023 update.®” These factors included previous pulmonary infection, exposure to
biomass combustion or air pollutants, and asthma. Previous studies reported risk factors for COPD, excluding smoking.® !
However, previous studies did not collectively evaluate these COPD risk factors of cigarette smoking, previous pulmonary
infection, pollution exposure, or asthma. Asthma, in particular, was not seriously investigated as a risk factor for COPD in
the aforementioned studies.

In this study, we therefore comprehensively analyzed the risk factors of subjects with COPD collectively using
a nationwide general population dataset (the Korea National Health and Nutrition Examination Survey, KNHANES) and
a well-established dataset of subjects with COPD (the Korean Obstructive Lung Disease cohort, KOLD) of referral
clinics in South Korea.'>'* Additionally, we compared the prevalence of exposure to risk factors between subjects with
and without COPD in a general population—the KNHANES.
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Materials and Methods
COPD and Non-COPD Subjects

We extracted eligible subjects from two datasets: the KNHANES of a general population between January 01, 2015 and
December 31, 2019 and the KOLD of referral clinics between June 01, 2005 and June 30, 2015. The KNHANES
provides nationwide data of a general population in South Korea based on the stratified, multistage, cluster probability
sampling considering the geographical area.'* From the data of the KNHANES, we selected COPD and non-COPD
subjects who performed spirometry. Those who performed spirometry in the KNHANES were 40 years or older given the
original design of the KNHANES. For this study, we defined subjects with COPD with the criteria of the pre-
bronchodilator ratio of forced expiratory volume in 1 sec (FEV)) to forced vital capacity (FVC): <0.7; non-COPD
subjects: FEV/FVC >0.7.

In addition, we defined the subjects with COPD from the KOLD with the same spirometry criteria of pre-
bronchodilator FEV/FVC <0.7 and the physician diagnosis of COPD based on clinical findings of history, physical
exam, and chest radiography. Although the KOLD had enrolled patients with COPD or/and asthma, those with asthma
were excluded from the original KOLD data for this study. No data on subjects without COPD were available as the
KOLD only enrolled patients with COPD or/and asthma.

Subject Characteristics and Spirometry

Subject characteristics were investigated, including age, sex, and body mass index (BMI), and FEV; (L and % of
predicted value) and FVC (L and % predicted value), and FEV,/ FVC ratio. Pulmonary function tests were conducted
utilizing dry rolling seal Spirometer Model 2130 (Sensor Medics Corporation, Yorba Linda, CA, USA) and Vyntus Spiro
(Care Fusion, San Diego, CA, USA) in the KNHANES and Vmax 22 (Sensor Medics, Yorba Linda, CA, USA) and
PFDX (Medgraphics, St Paul, MN, USA) in the KOLD, following the standard protocol established by the American
Thoracic Society and European Respiratory Society.'

Definition and ldentification of COPD Risk Factors as Potential Etiotypes

We investigated the following four risk factors of COPD in view of potential etiologies based on the patient-reported
information. Cigarette smoking (C) was defined by either current or past smoking history of more than 10 pack-years;'®
infection (I) by a history of pulmonary tuberculosis; and asthma (A) by a history of asthma with physician diagnosis. The
arbitrary definition of biomass or/and pollution exposure (P) differed in the two datasets: the occupation history of simple
labor jobs in the KNHANES and the occupation history of skilled workers or simple labor jobs related to agriculture,
forestry, cooking, construction, metalwork, machinery, wood, and textile industry in the KOLD, respectively. We selected
the aforementioned occupational categories based on the reported information, with potential exposure to organic or
inorganic dust, as risk factor P. Specific classification of occupation was based on the Korean Standard Classification of
Occupations.'” All information was collected by trained interviewers according to the pre-specified study protocol and
newly developed survey questions for each dataset.'*'

We investigated the profile of risk factors by identifying 1) each risk factor in the groups of COPD and non-COPD
subjects, 2) the number of risk factors in each subject, and 3) the combination of risk factors if two or more were
identified. Additionally, we investigated the association between the risk factors for COPD only in the KNHANES
because only this dataset had data on subjects with and without COPD.

Statistical Analysis
All data are presented as means and standard deviations for the continuous variables and numbers and percentages for
categorical variables. We compared the data using Student’s #-test for the continuous variables and the 3> or Fisher’s
exact test for the categorical variables between COPD and non-COPD groups in the KNHANES.

To explore the effects of risk factors C, I, P, and A as potential etiologies of COPD, we first evaluated marginal
associations between those risk factors and COPD while adjusting for age, sex and BMI. Then, interaction effects
between sex and those risk factors were further evaluated. Key strengths in this interaction analysis are 1) to overcome
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sex disparities in those risk factors and 2) to assess whether the effects of risk factors are the same for males and females.
We performed a logistic regression analysis to calculate the adjusted odds ratio (aOR) with 95% confidence intervals
(CIs). All tests of significance were two-sided, and p-values of <0.05 were considered to indicate statistical significance.
All analyses were performed using SPSS software (version 24.0; Chicago, IL, USA).

Study Approval and Informed Consent
The Institutional Review Board of Asan Medical Center (IRB no.: 2022—-1717) approved this study. The board waived
the requirement for informed consent because of the retrospective nature of the analysis. This study was conducted in
accordance with the amended Declaration of Helsinki.

Results

Subject Selection and Characteristics
Between 2015 and 2019, 39,759 subjects were enrolled in the KNHANES. Among them, 22,151 were excluded due to an
age of less than 40 years and having no appropriate spirometry result. Therefore, 17,608 subjects were included,
comprising 2430 COPD and 15,178 non-COPD subjects from the KNHANES (Figure 1A). Among 677 subjects with
airflow limitation in the KOLD, 81 who had been clinically diagnosed with asthma and 17 without airflow limitation
(defined by an FEV, to FVC ratio of less than 0.7) were excluded. Finally, 579 COPD subjects from the KOLD were
included in this study (Figure 1B).

Table 1 presents the characteristics of the study subjects. The mean age of subjects with COPD was 66.6 years in
KNHANES and 67.3 years in KOLD, with a predominance of males in both, at 71.2% and 93.8%, respectively. The
mean BMI was 23.7 kg/m? in the subjects with COPD from the KNHANES and 23.1 kg/m? in those from the KOLD.

A)

39,759 subjects were enrolled in KNHANES between 2015-2019

Excluded (n = 22,151)
Subjects under 40 years old* (n = 16,620)
Subjects without appropriate spirometry (n=5,531)

17,608 subjects were selected for this study

Subjects with COPD Subjects without COPD
(n=2,430) (n=15,178)

B)

596 subjects with COPD were enrolled in KOLD

Excluded (n=17)
Subjects with FEV,/FVC 20.7 (n = 17)

579 subjects were selected for this study

Figure | Selection of study subjects from the KNHANES, a dataset of the general population (A), and from the KOLD, a dataset of referral clinics (B). *According to the
original study design of the KNHANES, spirometry was performed in subjects 40 years or older only.

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in | sec; FVC, forced vital capacity; KNHANES, Korea National Health and
Nutrition Examination Survey; KOLD, Korean Obstructive Lung Disease cohort.
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Table | Characteristics of Subjects Selected from the KNHANES, the Data of the General
Population, and from the KOLD, the Data of Referral Clinics

KNHANES KOLD
Sub-Total Non-COPD Group | COPD Group | *COPD Group
(n=17,608) (n=15,178) (n = 2430) (n =579)
Male 7701 (43.7%) 5972 (39.3%) 1729 (71.2%) 543 (93.8%)
Age, years 584 + 112 57.0 £ 109 66.6 £ 9.7 67.3 £ 80
BMI, kg/m? 242 +£32 243 £33 237 +£29 23.1 £3.1
Pulmonary function test
FEV//FVC ratio (%) 77.1 £ 74 792 £ 47 634 £ 68 462 = 11.0
FEV, (L) 2607 2607 22 %07 1.5+0.6
FEV,% predicted 889+ 13.6 91.0 £ 12.0 79.1 £ 16.1 554+ 170
FVC (L) 33+09 33+08 34+09 33+£08
FVC % predicted 89.0 + 125 89.3 = 12.0 86.6 + 154 849 £ 172

Notes: Data are presented as mean * standard deviation or number (%). We defined COPD by FEV/FVC ratio <0.7 in this
study. *No subject was classified into the non-COPD group in the KOLD because all those enrolled had airway diseases of
COPD, asthma, or both, according to the enrollment criteria of the original study design.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in |
sec; FVC, forced vital capacity; KNHANES, Korea National Health and Nutrition Examination Survey; KOLD, Korean
Obstructive Lung Disease cohort.

The mean ratio of FEV{/FVC was 63.4% in subjects with COPD in the KNHANES and 46.2% in those from the KOLD.
The mean FEV,% predicted was 79.1% in subjects with COPD from the KNHANES and 55.4% in those from the
KOLD.

Risk Factors in Subjects with COPD in the KNHANES and KOLD

Figure 2 presents the profile of risk factors for the subjects with COPD from the KNHANES (Figure 2A) and the KOLD
(Figure 2B). All four risk factors were more frequently observed in KOLD subjects with COPD (Table 2 and Figure 3A).
The profile of risk factors C, I, P, A, and U (unidentified) was 54.6%, 9.4%, 10.7%, 7.9%, and 32.6%, respectively, in the
KNHANES subjects with COPD, and 88.4%, 26.6%, 41.6%, 35.2%, and 3.1%, respectively, in the KOLD subjects with
COPD.

Figure 3B presents the number of identified risk factors in each subject with COPD. The proportion of subjects with
COPD with two or more risk factors was higher in those from the KOLD (66.1% vs 14.1% in the KNHANES). Over
a quarter of KOLD subjects with COPD had three or more risk factors, whereas only 28 (1.2%) had three risk factors in
the COPD subjects from the KNHANES. Supplementary Figure S1 presents the proportion of subjects with COPD from
both datasets with each combination of risk factors.

Risk Factors in Non-COPD Subjects from the KNHANES

Table 3 shows the risk factors in subjects with and without COPD from the KNHANES. Risk factors C (25.0% vs 54.6%
in subjects with COPD, p-value <0.001), I (3.7% vs 9.4% in subjects with COPD, p-value <0.001), and A (1.8% vs 7.9%
in subjects with COPD, p-value <0.001) were significantly less frequently observed in subjects without COPD. However,
there was no difference in the frequency of risk factor P between subjects without and with COPD (10.1% vs 10.7%,
respectively, p-value = 0.415). Significantly fewer subjects having any risk factors were observed in those without COPD
(36.5% vs 67.4% in subjects with COPD, p-value <0.001).

Contribution of Risk Factors for COPD in Male and Female Subjects
We identified a significant interaction between sex and risk factor I (p-value for interaction = 0.002). Therefore, we
investigated the relation of risk factors to COPD separately according to sex. Supplementary Tables SI and S2 present

the profile of risk factors in male and female subjects. Although most risk factors were more common in subjects with
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A)
2,430 COPD subjects from KNHANES
COPD-I COPD-P
(n =229, 9.4%) (n =259, 10.7%)
COPD-C COPD-A
(n = 1326, 54.6%) 86 103 (n=192,7.9%)
(3.5%) (4.2%)
97 13
(0.5%)
o (4.0%) . ) (0.5%) =
(42.1%) (0.4%) (0.0%) (3.4%)
0
115 (0.0%) 14
(4.7%) 7 11 (0.6%)
(0.3%) (0.5%)
63
(2.6%)
COPD-Unidentified
(n =793, 32.6%)
B)
579 COPD subjects from KOLD
COPD-I COPD-P
(n =154, 26.6%) (n =241, 41.6%)
COPD-C COPD-A
(n =512, 88.4%) a4 7 (n =204, 35.2%)
(0.7%) . (1.2%)
34 10
(5.9%) L) (1.7%)
157 20 s 10
(27.1%) (3.5%) (0.9%) (1.7%)
15
130 (2.6%) 8
(22.5%) 49 63 (1.4%)
(8.5%) (10.9%)
a
(7.6%)

COPD-Unidentified
(n=18,3.1%)

Figure 2 Profiles of risk factors in subjects with COPD from the KNHANES, a dataset of the general population (A) and from the KOLD, a dataset of referral clinics (B).
Abbreviations: C, cigarette smoking; |, infection; P, exposure to biomass or pollution; A, asthma; COPD, chronic obstructive pulmonary disease; KNHANES, Korea
National Health and Nutrition Examination Survey; KOLD, Korean Obstructive Lung Disease cohort.

COPD, there was no difference in the risk factor P, between non-COPD and COPD female subjects. In the multivariate
analysis, risk factor A presented a significant association with COPD in male (aOR 5.92, 95% CI 3.97-8.85, Table 4) and
female subjects (aOR 5.13, 95% CI 3.89-6.76, Table 5), followed by risk factor C (male aOR 2.14, 95% CI 1.88-2.45;
female aOR 2.99, 95% CI 2.10-4.24, respectively) and I (male aOR 1.51, 95% CI 1.20-1.90; female aOR 2.76, 95% CI
2.04-3.74). There was no significant association between COPD and risk factor P in either sex (male aOR 0.98, 95% CI
0.80-1.20; female aOR 0.96, 95% CI 0.75-1.22).

Discussion

In this study, we demonstrated the profile of risk factors as potential etiotypes of subjects with COPD from a general
population dataset, the KNHANES, and referral clinics, the KOLD. The risk factors appeared to be less frequently
identified in subjects with COPD from the general population than from referral clinics. As expected, the risk factors
were less frequently identified in subjects without compared to those with COPD in the KNHANES. After collectively
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Table 2 Risk Factors of Subjects in the COPD Groups from the KNHANES and the KOLD

KNHANES COPD Group | KOLD COPD Group
(n = 2430) (n=579)
Risk factors
C (cigarette smoking) 1326 (54.6%) 512 (88.4%)
| (infection) 229 (9.4%) 154 (26.6%)
P (pollution) 259 (10.7%) 241 (41.6%)
A (asthma) 192 (7.9%) 204 (35.2%)
U (unidentified) 793 (32.6%) 18 (3.1%)
Number of risk factors among the above four
0* 793 (32.6%) 18 (3.1%)
| 1296 (53.3%) 178 (30.7%)
2 313 (12.9%) 231 (39.9%)
3 28 (1.2%) 137 (23.7%)
4 0 (0.0%) 15 (2.6%)
C only 1024 (42.1%) 157 (27.1%)
| only 86 (3.5%) 4 (0.7%)
P only 103 (4.2%) 7 (1.2%)
A only 83 (3.4%) 10 (1.7%)
C+l 97 (4.0%) 34 (5.9%)
C+P 115 (4.7%) 130 (22.5%)
C+A 63 (2.6%) 44 (7.6%)
I+P 11 (0.5%) 5 (0.9%)
I+A 14 (0.6%) 8 (1.4%)
P+A 13 (0.5%) 10 (1.7%)
C+Il+P 9 (0.4%) 20 (3.5%)
C+l+A 11 (0.5%) 63 (10.9%)
C+P+A 7 (0.3%) 49 (8.5%)
I+P+A I (0.0%) 5 (0.9%)
C+l+P+A 0 (0.0%) 15 (2.6%)

Notes: Table compares the frequency of exposure to risk factors of subjects in the COPD groups from KNHANES (the data
of the general population) and KOLD (the data of referral clinics). Data are presented as number (%). *Zero indicates that no
risk was identified among the four risk factors of C, |, P, and A. Zero risk factors is the same as “Unidentified” in this study.
Abbreviations: C, cigarette smoking; |, infection; P, exposure to biomass or pollution; A, asthma; U, unidentified; COPD,
chronic obstructive pulmonary disease; KNHANES, Korea National Health and Nutrition Examination Survey; KOLD, Korean
Obstructive Lung Disease cohort.

evaluating the contribution of each risk factor, risk factor C, I, and A showed a significant association with COPD. To our
knowledge, this is the first study to show the comprehensive profile of risk factors in subjects with COPD from a general
population vs referral clinics given potential COPD etiotypes, which had been proposed by the GOLD 2023 update.®
The KNHANES data represent a general population of apparently healthy individuals in South Korea. The framework
of the KNHANES study design and methods were adopted from those of the National Health and Nutrition Examination
Survey (NHANES) of the United States.'*'® For the KNHANES, participants underwent a comprehensive interview with

1.'* Therefore,

trained interviewers, spirometry by trained technicians, and other exams based on the standardized protoco
the data of the KNHANES represent the general population of South Korea, in which females are much less frequently
reported as smokers compared with males. Therefore, careful consideration is warranted when applying the results of this
study to a population with a higher smoking rate in females, although KNHANES has been utilized in many studies
related to COPD."'%%°

The KOLD cohort had enrolled patients with airway diseases, including COPD, asthma, or both in outpatient clinics

of secondary or tertiary referral hospitals in South Korea.'> There was a predominance of males in the KOLD, probably
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A)
P 88.4
54.6
2
[}
g
-
-
(2]
[4 I KOLD
I KNHANES
] 7~ T L] T
50 60 70 80 20
B) Percentage of COPD subjects
e i koLp
I KNHANES

Number of risk factors

I T T T T 7 Sy T T v 7 ATy T

00 01 02 03 04 05 5 10 15 20 30 40 50 60
Percentage of COPD subjects

Figure 3 Profile (A) and number (B) of risk factors in subjects with COPD from the KNHANES (general population) and from the KOLD (referral clinics).
Abbreviations: C, cigarette smoking; I, infection; P, exposure to biomass or pollution; A, asthma; COPD, chronic obstructive pulmonary disease; KNHANES, Korea
National Health and Nutrition Examination Survey; KOLD, Korean Obstructive Lung Disease cohort.

because the higher smoking rate in males than in females in South Korea. The value of the KOLD data may be indirectly
validated by many publications using the data.?' >

Subjects with COPD in the KNHANES and the KOLD had different frequencies of risk factors. Distinct character-
istics of each dataset could lead to these differences. Subjects in the KNHANES were recruited from a general
population, whereas those in the KOLD had visited referral clinics before recruitment. Therefore, subjects in the
KOLD may have COPD-related symptoms and more severe lung impairment. The mean value of FEV, of subjects
with COPD was 63.4% of the predicted value in the KNHANES and 46.2% predicted in the KOLD. Compared with the

KNHANES, the incidence of each risk factor was higher in the KOLD, with 66.2% of subjects having two or more risk

Table 3 Risk Factors of Subjects in the COPD and the Non-COPD Groups from the KNHANES

Total COPD Group | Non-COPD Group p-value
(n=17,608) (n =2430) (n=15,178)
Risk factors
C (cigarette smoking) 5118 (29.1%) 1326 (54.6%) 3792 (25.0%) <0.001
| (infection) 786 (4.5%) 229 (9.4%) 557 (3.7%) <0.001
P (pollution) 1795 (10.2%) 259 (10.7%) 1536 (10.1%) 0.415
A (asthma) 465 (2.6%) 192 (7.9%) 273 (1.8%) <0.001
U (unidentified) 10,425 (59.2%) 793 (32.6%) 9632 (63.5%) <0.001
Number of risk factors among the above four <0.001
0% 10,425 (59.2%) 793 (32.6%) 9632 (63.5%)
| 6247 (35.5%) 1296 (53.3%) 4951 (32.6%)
2 891 (5.1%) 313 (12.9%) 578 (3.8%)
3 45 (0.3%) 28 (1.2%) 17 (0.1%)
4 0 (0.0%) 0 (0.0%) 0 (0.0%)
(Continued)
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Table 3 (Continued).

Total COPD Group | Non-COPD Group p-value
(n=17,608) (n = 2430) (n=15,178)

C only 4312 (24.5%) 1024 (42.1%) 3288 (21.7%) <0.001
| only 416 (2.4%) 86 (3.5%) 330 (2.2%) <0.001
P only 1244 (7.1%) 103 (4.2%) 1141 (7.5%) <0.001
A only 275 (1.6%) 83 (3.4%) 192 (1.3%) <0.001
C+1 244 (1.4%) 97 (4.0%) 147 (1.0%) <0.001
C+P 421 (2.4%) 115 (4.7%) 306 (2.0%) <0.001
C+A 100 (0.6%) 63 (2.6%) 37 (0.2%) <0.001
I +P 60 (0.3%) 11 (0.5%) 49 (0.3%) 0.308
I+ A 29 (0.2%) 14 (0.6%) 15 (0.1%) <0.001
P+A 37 (0.2%) 13 (0.5%) 24 (0.2%) <0.001
C+Il+P 21 (0.1%) 9 (0.4%) 12 (0.1%) 0.001
C+l+A 12 (0.1%) 11 (0.5%) | (0.0%) <0.001
C+P+A 8 (0.0%) 7 (0.3%) | (0.0%) <0.001
I+P+A 4 (0.0%) | (0.0%) 3 (0.0%) 0.448

Notes: Frequency of exposure to risk factors in subjects from the KNHANES (the data of a general population). We classified study subjects into
two groups of COPD vs non-COPD. COPD was defined by an FEV,/FVC ratio of <0.7. Additionally, we compared the difference in exposure to
risk factors between the COPD and non-COPD groups. Data are presented as number (%). The variables were compared using the 2 or Fisher’s
exact test. *Zero indicates that no risk was identified among the four risk factors of C, I, P, and A. Zero risk factors are the same as “Unidentified”
in this study.

Abbreviations: C, cigarette smoking; |, infection; P, exposure to biomass or pollution; A, asthma; U, unidentified; COPD, chronic obstructive
pulmonary disease; KNHANES, Korea National Health and Nutrition Examination Survey.

Table 4 Contribution of Each Risk Factor for COPD in the Male Subjects of the KNHANES

Univariate Analysis Multivariate Analysis
Odds Ratio p-value Adjusted Odds Ratio p-value
(95% CI) (95% CI)

C (cigarette smoking) | 1.92 (1.70-2.16) <0.001 2.14 (1.88-2.45) <0.001
I (infection) 2.10 (1.72-2.57) <0.001 1.51 (1.20-1.90) <0.001
P (pollution) 1.28 (1.06—1.54) 0.009 0.98 (0.80-1.20) 0.872
A (asthma) 6.32 (4.52-8.85) <0.001 5.92 (3.97-8.85) <0.001
Age 1.09 (1.09-1.10) <0.001 1.09 (1.09-1.10) <0.001
Body mass index 0.89 (0.87-0.91) <0.001 0.92 (0.90-0.94) <0.001

Notes: Using the KNHANES (data of the general population), univariate and multivariate analysis by logistic regression
analysis was performed to evaluate the contributions of each risk factor for COPD. For adjustment, age and body mass
index were included as covariates.

Abbreviations: C, cigarette smoking; |, infection; P, exposure to biomass or pollution; A, asthma; Cl, confidence
interval; COPD, chronic obstructive pulmonary disease; KNHANES, Korea National Health and Nutrition Examination
Survey.

factors. Based on these results, the severity of COPD could be associated with the number of accompanying risk factors.
Several studies have previously highlighted a combination of risk factors related to the development of COPD.® 24726
Another potential cause of the difference in the profile of risk factors was that decreased prevalence of smoking led to
increased contribution of other risk factors for COPD. The two datasets recruited eligible subjects at different time points
(2005 to 2015 in the KOLD and 2015 to 2019 in the KNHANES). Chang et al reported that smoking prevalence
decreased annually, and that high socioeconomic status was related to a lower smoking rate in South Korea.”’

In this study, more than half of subjects with COPD in the KNHANES and 88.4% of subjects with COPD in the
KOLD had a smoking history of more than 10 pack-year. In both datasets, risk factor C accounted for the highest

proportion as a sole risk factor compared with other factors. Although there are some reports that female subjects may be
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Table 5 Contribution of Each Risk Factor for COPD in the Female Subjects of the

KNHANES
Univariate Analysis Multivariate Analysis
Odds Ratio p-value Adjusted Odds Ratio p-value
(95% CI) (95% CI)
C (cigarette smoking) | 2.88 (2.09-3.97) <0.001 2.99 (2.104.24) <0.001
| (infection) 341 (2.58-4.50) <0.001 2.76 (2.04-3.74) <0.001
P (pollution) 1.11 (0.88-1.40) 0.375 0.96 (0.75-1.22) 0.709
A (asthma) 6.54 (5.08-8.43) <0.001 5.13 (3.89-6.76) <0.001
Age 1.09 (1.08-1.09) <0.001 1.09 (1.08-1.10) <0.001
Body mass index 0.96 (0.94-0.99) 0.001 0.92 (0.90-0.94) <0.001

Notes: Using the KNHANES (data of the general population), univariate and multivariate analysis by logistic
regression analysis was performed to evaluate the contributions of each risk factor for COPD. For adjustment, age
and body mass index were included as covariates.

Abbreviations: C, cigarette smoking; |, infection; P, exposure to biomass or pollution; A, asthma; Cl, confidence
interval; COPD, chronic obstructive pulmonary disease; KNHANES, Korea National Health and Nutrition
Examination Survey.

more susceptible to cigarette smoking than male,®**°

we did not find a significant difference between males and females
in the development of COPD when exposed to smoking, defined risk factor C in this study. Because smoking prevalence
was related to COPD prevalence and relatively high in South Korea, further study might be needed to apply this result to
other population, especially in lower smoking prevalence countries.**"

In previous studies, a history of tuberculosis was reported as a cause of COPD.*** Similarly, risk factor I was shown
to be related to COPD in this study. Kamenar et al demonstrated that the prevalence of COPD in subjects with a previous
history of tuberculosis was 25.9%,>? which was in line with our findings in the KNHANES population (29.1%, 229

among 786 subjects with risk factor I, Supplementary Figure S2). In that study, notably, females with a previous history

of tuberculosis had a higher aOR compared with males. In our study, significant interaction effects between sex and risk
factor I were present, and higher aOR in female subjects compared with male subjects (aOR 2.763, 95% CI 2.039-3.743
vs aOR 1.510, 95% CI 1.200-1.899 in male subjects) was also observed. Considering some reports on female

2829 it is possible that females could be more susceptible to pulmonary infection,

susceptibility to cigarette smoking,
which could result in persistent limitation in airflow. Because prevalence of tuberculosis in South Korea was higher,
contribution of tuberculosis for COPD development might be higher than other countries.®*

In our study, risk factor A was also a significant risk factor for COPD and had the highest aOR among the four risk
factors in both males and females. These results were in line with previous studies.®>>® Uncontrolled asthma in early life
could hinder normal lung development and decrease the level of maximal FEV,.”**%® Additionally, a decline in lung
function was reported regardless of time of asthma onset.*****! Given a history of asthma is an important risk factor for
COPD development and controlled asthma has a lower risk for COPD diagnosis than uncontrolled asthma,*® clinicians
may be required to investigate and treat asthma to reduce the risk of COPD development.

Exposure to biomass and air pollutants was also known as a risk factor for developing COPD.***™** In this study, risk
factor P was the second most commonly identified risk factor after risk factor C in COPD subjects in the KNHEANES
and KOLD. However, we found no association between occupational exposure and COPD development, which could be
attributed to several reasons. First, we could only investigate occupation history and not possible exposure to biomass
and air pollutants. The relationship between occupational exposure to biomass and air pollutants and COPD development
has been reported in the literature.***® Second, simple labor workers, which we operatively defined as risk factor P, did
not directly relate to exposure to occupational pollutants. In addition to type of work, respiratory protection equipment
use may substantially affect the development of COPD.*”*** Thirdly, we could not estimate the quantitative amount of
exposure to occupational hazard. Therefore, the contribution of risk factor P for COPD development may require
reevaluation with sufficient information.
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There are several limitations to this study. First, we only evaluated the risk factors based on the available information in
each dataset. Therefore, the contribution of each risk factor could be under- or overestimated due to other risk factors not
included in this study. For example, human immunodeficiency virus infection, data on which were not included in the
KNHANES, is generally regarded as an important cause of COPD, although the rate of infection is low in South Korea.**>
Data related to childhood hospital admission for severe respiratory illness, regarded as another crucial COPD risk factor,
were lacking in the dataset.”' Additionally, the contribution of genetic factors (COPD-G) and abnormal lung development
(COPD-D) for COPD could not be evaluated owing to lack of information. Because only four of the six etiotypes were
investigated except COPD-D and COPD-G, the lack of information could lead to information bias. Additionally, because
information for the differential diagnosis of COPD and asthma was not available in the KNHANES, patients with asthma
could have been misclassified as having COPD. In particular, the absence of post-bronchodilator spirometry results in the
KNHANES dataset suggests that the diagnosis of some patients with COPD may be incorrect. Secondly, there was
a difference in the definition of risk factor P between the KNHANES and the KOLD; therefore, we could not directly
compare the difference between them. In this study, we obtained only information on occupational exposure for evaluating
biomass and pollution exposure and arbitrarily selected occupational categories, with potential for exposure to organic or
inorganic dust, as risk factor P. It is therefore possible that risk factor P was insufficient to reflect biomass and pollution
exposure. Further study is therefore warranted to obtain more information about household pollution, ambient air pollution,
and wildfire smoke to evaluate biomass and pollution. Whereas those of risk factors I, P, and A were defined by exposure
history to each risk factor without information related to duration, definition of risk factor C reflected exposure amount to
smoking. Therefore, this point could result in underestimating the contribution of risk factor C and overestimating those of
risk factors I, P, and A. Thirdly, the history of asthma, tuberculosis, and occupation was based on patient reports, which might
have led to recall bias. However, trained interviewers obtained the KNHANES and the KOLD data with the pre-specified
study protocol and survey questions. Finally, we utilized only nationwide population dataset in South Korea. Compared with
subjects in western countries, prevalence of smoking, tuberculosis and asthma in South Korea was distinctly reported.**>!>>
Further studies might be required to investigate the profile of COPD risk factors in various study populations.

Conclusions

Although there were some limitations to this study, this is the first to collectively present the risk factor profiles for
subjects with COPD. Risk factors appeared to be less frequently identified in subjects with COPD from the general
population than in those from referral clinics. Compared with non-COPD subjects, risk factors C, I, and A were
significantly related to COPD in the general population in this study. However, the association between risk factor
P and COPD should be further analyzed with complete information about indoor and outdoor pollution. Additionally, the
effects of genetics and developmental abnormalities on COPD require investigation. Based on the results of this study,
more effort should be made to elucidate the risk factors, especially for subjects with COPD in the general population.

Abbreviations

C, cigarette smoking; I, infection; A, asthma; P, biomass or/and pollution exposure; aOR, adjusted odds ratio; BMI, body
mass index; CI, confidence interval, COPD, chronic obstructive pulmonary disease; FEV, forced expiratory volume in 1
sec; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; KNHANES, the Korea
National Health and Nutrition Examination Survey; KOLD, the Korean Obstructive Lung Disease cohort.
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