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Chronic obstructive pulmonary disease (COPD) is currently a major cause of mortality
and imposes a huge socioeconomic burden.1,2 COPD patients are hospitalized or need
medical resources including emergency department visits, outpatient visits, or home
health care twice as frequently as non-COPD patients.2 In addition, mortality has constantly increased.3 During the natural history of chronic airflow obstruction, smoking
reduces the value of the maximal forced expiratory volume in 1 second (FEV1) and
increases the rate of FEV1 decline4 and is the strongest risk factor for COPD. However,
although the smoking rate has recently decreased, the burden of COPD has increased.
The risk factors for COPD, other than smoking, especially in never-smokers, and the
prevention for this disease have become targets of interest. Although the development
of airflow obstruction is less common than in continuous smokers, 5%–7% of neversmokers develop airflow obstruction.4 Nevertheless, never-smoker COPD has been
neglected, and most of the large studies enrolled only ever-smokers, excluding neversmoker subjects. Furthermore, the proportion of never-smokers with COPD is higher in
Asia than in other areas.5–7 The authors of our study considered a specific environment
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Background: Chronic obstructive pulmonary disease (COPD) patients include those who
have never smoked. However, risk factors other than smoking in never-smokers have not been
elucidated sufficiently. This study investigated the risk factors for COPD among never-smokers
in Korea using population-based data.
Methods: The data were retrieved from the Korean National Health and Nutrition Survey IV
conducted from 2007 to 2009. Among subjects aged 40 years or older who underwent appropriate pulmonary function tests, never-smokers not diagnosed with asthma and not showing a
restrictive pattern on pulmonary function tests were enrolled. Risk factors of COPD in neversmokers were analyzed using logistic regression models.
Results: Among 24,871 participants in the representative Korean cohort, 3,473 never-smokers
were enrolled. COPD patients accounted for 7.6% of the never-smokers. In the logistic regression
analysis, low education status (odds ratio [OR]: 2.0; 95% confidence interval [CI]: 1.2–3.2),
occupational exposure (OR: 2.6; 95% CI: 1.3–5.3), a history of tuberculosis (OR: 4.5; 95% CI:
2.3–8.7), bronchiectasis (OR: 6.0; 95% CI: 1.4–25.4), male sex (OR: 4.2; 95% CI: 2.6–6.7),
advanced age (60–69 years vs 40–49 years; OR: 3.8; 95% CI: 2.0–7.0), and being underweight
(body mass index 18.5 vs 18.0–24.9 kg/m2; OR: 3.1; 95% CI: 1.0–9.4) were associated with
the development of COPD.
Conclusion: Low education status, manual labor, a history of tuberculosis and bronchiectasis,
as well as male sex, advanced age and being underweight were risk factors for COPD in Korean
never-smokers.
Keywords: socioeconomic status, chronic obstructive pulmonary disease, never-smoker
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of late industrialization in Asian countries and concentrated
on variables such as socioeconomic status-associated factors.
Risk factors for never-smokers include age, sex, asthma,
respiratory illness during childhood, body mass index (BMI),
and socioeconomic status in previous studies.8–11 In terms of
socioeconomic factors, occupation, marital status, income,
and educational status were evaluated.12–14 However, few
Asian studies have revealed specific characteristics that may
lead to a high incidence of COPD in never-smokers. The present study was designed to identify risk factors for COPD in
the never-smoker population from the fourth Korean National
Health and Nutrition Examination Survey (NHANES IV),
which was conducted from 2007 to 2009.

Enrolled subjects without history of asthma
or restrictive pattern in PFT
5,784

Methods
Population

Never-smoker group who never smoked
or smoked less than five packs in a lifetime
3,473

The data were retrieved from the Korean NHANES IV,
conducted from 2007 to 2009. This was a nationwide crosssectional survey that used a rolling sampling survey consisting of three independent samples surveyed for 3 years.
Stratified sampling was applied to select the participants on
the basis of the results of the 2005 census. The aim of this
survey was to provide data for the development and evaluation of policies and programs as well as to assess the health
and nutritional status of the Korean population. A health
interview, health examination, and a nutrition survey were
conducted on a nationally representative noninstitutionalized
civilian population in Korea.15 From the 24,871 participants,
individuals aged 40 years or older and who underwent appropriate pulmonary function tests (PFTs) were included in the
current study. PFTs (Vmax Model 2130; SensorMedics,
Yorba Linda, CA, USA) were performed and assessed on
the basis of the criteria of the American Thoracic Society/
European Respiratory Society 2005. Cases were included
when the test met acceptability and reproducibility twice
or more during a maximum of eight repeated examinations.
Among these subjects, never-smokers who had never smoked
or smoked less than five packs during their lifetime were
enrolled, and patients who had been diagnosed with asthma
by a physician and those with a restrictive type of pulmonary
function were excluded (Figure 1). COPD was defined by the
GOLD criterion based on spirometry tests as a FEV1/forced
vital capacity (FVC) ratio less than 70%.16

Data collection
Information regarding education, occupation, the presence
of a partner, income, comorbidities, and secondhand smoke
status was obtained through the questionnaires. BMI was
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Total
24,871
Aged ≥40 years
12,151
Performing PFT
9,152
Performing acceptable PFT
6,934

Figure 1 Flow diagram of the process of enrollment of 3,473 never-smoker subjects in
the fourth Korean National Health and Nutrition Examination Survey (KNHANES).
Abbreviation: PFT, pulmonary function test.

calculated from the measured height and weight. Comorbid
diseases were defined when diagnosed by a physician. Family
income levels were classified into two groups; the upper half
was regarded as having a high income and the lower half a
low income. A BMI of less than 18.5 was defined as underweight, and a level above 25.0 was defined as overweight.
Information regarding secondhand smoke was obtained
through a questionnaire about exposure to smoking in the
indoor workplace or home. Occupation was classified into
six groups: managers or professionals, office work, service
or sales, agriculture or fishery work, skilled labor or machine
operators, and manual laborers. In the analysis, managerial
or professional work, office work, and service or sales were
reclassified to a lack of occupational exposure.

Statistical analysis
All statistical analyses were performed using the appropriate
sample weights and complex design. The sample weights
provided from the Korean NHANES IV were constructed
for the sample participants to represent the Korean population by accounting for the complex survey design, survey
nonresponse, and poststratification.15 Baseline characteristics
were described with crude numbers and weighted frequency,
or weighted means and standard errors (SE) for all variables
in the total, COPD, and non-COPD groups. Comparison
between the two groups was performed using chi-square
for categorical variables and t-test for continuous variables.
To calculate the odds ratio (OR) for each variable, simple
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logistic regression analysis was performed. The risk factors
for COPD in never-smokers were analyzed by multiple
logistic regression models including sex, age, socioeconomic
status, and comorbidities. In addition, logistic regression
analysis in ever-smokers and total subjects including neverand ever-smokers was performed independently of the neversmokers’ data. Statistical analyses were performed using the
SPSS software (version 21.0, IBM Corporation, Armonk,
NY, USA), and a P-value less than 0.05 was regarded as
indicative of statistical significance.

Results
The total number of participants in the KNHANES IV was
24,871. Among 6,934 participants aged older than 40 years and
who underwent PFTs, 1,150 subjects diagnosed with asthma
or showing a restrictive type of pulmonary function were
excluded. In the remaining 5,784 subjects, 3,473 were neversmokers and were included in the present study (Figure 1).
The baseline characteristics, including the comorbidities
and socioeconomic factors, of never-smoker subjects are
described in Table 1. In the present study, never-smokers
accounted for 57.7% of the 5,784 subjects, and COPD
patients accounted for 7.6% (n=258) of the 3,473 neversmokers. Never-smokers accounted for 31.7% of all COPD
patients. Never-smokers accounted for 12.5% and 81.6% of
male and female COPD patients, respectively. The demography and distribution of COPD severity according to the
smoking status are presented in Table S1. There were more
females in the never-smoker COPD group than in the smoker
COPD group (71.6% vs 7.5%, P0.0001), and patients were
older (65.7 vs 62.8, P=0.008). A large proportion of the mildto-moderate COPD patients in the never-smoker and smoker
groups were comparable (P=0.205).
To calculate the OR for each variable and select significant variables for COPD, simple logistic regression analyses
were performed. On the basis of the results of univariate
analyses, age, sex, secondhand smoke, BMI, education,
occupation, partner living, familial income, diabetes mellitus,
hypertension, prior tuberculosis history, and bronchiectasis
were included in the multiple logistic regression analysis
(Table 2). Male sex (OR: 4.2; 95% CI: 2.6–6.7), underweight
(BMI 18.5 vs 18.5–24.9 kg/m2; OR: 3.1; 95% CI: 1.0–9.4),
and advanced age (60–69 years vs 40–49 years; OR: 3.8; 95%
CI: 2.0–7.0) showed a significantly higher risk of COPD.
With a 10-year age increase, the OR of COPD was doubled.
However, secondhand smoke did not show a relationship with
COPD. In terms of socioeconomic status, a low educational
level (OR: 2.0; 95% CI: 1.2–3.2) and occupational exposure
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were COPD risk factors. Participants who worked as manual
laborers showed an OR of 2.6 (95% CI: 1.3–5.3) compared
with those with a lack of occupational exposure: managers
or professionals, office work, service or sales (Table 2).
Among the various comorbidities, a history of tuberculosis
(OR: 4.5; 95% CI: 2.3–8.7) and bronchiectasis diagnosed by
a physician (OR: 6.0; 95% CI: 1.4–25.4) were risk factors
for COPD in never-smokers.
For further information, the results of a logistic regression analysis of risk factors for COPD in total subjects and
ever-smokers are presented in Table S2. When the risk factors between never-smokers and smokers were compared,
bronchiectasis was found to be a significant risk factor among
never-smokers. The OR of pulmonary tuberculosis was
higher in never-smokers compared with the OR in smokers
(Table 2, Table S2).

Discussion
Socioeconomic status and comorbidities were strongly
related to COPD in never-smoker subjects. A low level of
education, employment as a manual laborer, and a history
of tuberculosis or bronchiectasis were associated with an
increased prevalence of COPD in never-smokers. In previous
studies, the parameters of socioeconomic status such as education, occupation, marital status, and familial income were
closely related to health condition and affected the onset and
prognosis of COPD, particularly in never-smokers.9,12,14,17,18
There is no doubt that smoking is a major risk factor for
COPD. However, never-smokers account for some proportion of COPD. According to data from the National Health
and Nutrition Examination Survey (NHANES) III, a population survey that represents the US population, 1.6% of male
COPD patients and 12.2% of female COPD patients were
never-smokers.19 In Korea, the burden of never-smoker
COPD is higher than the 6.1%–24.9% reported previously
in Spanish and American studies.8,19,20 According to a study
based on the Korean NHANES II in 2001, the proportion
of never-smoker COPD patients among all COPD patients
was 32.1%.5 These Korean data, and our present results,
support previous Chinese data that showed a high proportion of never-smokers (38.6%) as having COPD.6 This high
proportion of never-smoker COPD patients suggests that risk
factors other than smoking may influence the development of
COPD, especially in Asia. Thus, investigations of the major
risk factors other than smoking are required.
Old age and being underweight are associated with
COPD.13,21 In the natural course of FEV1 change among
healthy never-smokers, the annualized rate of decline is
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Table 1 Baseline characteristics of the never-smoker subjects
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Parameters

Sex
Male
Female
Age in years (mean ± SE)
40–49
50–59
60–69
70–79
80
BMI in kg/m2
18.5
18.5–24.9
25.0
Secondhand smoke
No
Yes
Education level
Elementary school or less
Middle school
High school
College or more
Occupation
Managers/professional
Office worker
Service/sales worker
Agriculture/fishery worker
Skilled labor/machine operator
Manual laborer
(construction, mining)
No labor
Living with partner
Yes
No
Family income
High
Low
Medical condition
Diabetes mellitus
Hypertension
Cancer
Lung cancer
History of pulmonary TB
Bronchiectasis
Chronic liver disease
Anemia (Hb 12.0 g/dL)

Total

COPD

Non-COPD

P-value

N, crude

Weighted, %
(SE)

N, crude

Weighted, %
(SE)

N, crude

Weighted, %
(SE)

420
3,053

13.9 (0.7)
86.1 (0.7)

71
187

349
2,866

40.0 (1.2)
28.9 (1.1)
16.9 (0.7)
12.5 (0.8)
1.7 (0.3)

23
50
80
93
12

1,168
971
710
336
30

12.7 (0.7)
87.3 (0.7)
54±0.3
42.4 (1.2)
29.6 (1.1)
16.3 (0.7)
10.4 (0.8)
1.3 (0.3)

0.0001

1,191
1,021
790
429
42

28.4 (3.7)
71.6 (3.7)
66±0.9
11.1 (2.6)
20.4 (3.4)
24.1 (3.1)
37.5 (4.1)
6.9 (2.3)

47
2,187
1,237

1.3 (0.2)
63.4 (1.1)
35.3 (1.2)

10
168
78

1.3 (0.2)
63.4 (1.1)
35.3 (1.2)

37
2,019
1,159

1.1 (0.2)
63.1 (1.2)
35.8 (1.2)

0.005

2,437
1,036

68.7 (1.1)
31.3 (1.1)

196
62

76.8 (3.5)
23.2 (3.5)

2,241
974

68.0 (1.1)
32.0 (1.1)

0.026

1,449
549
953
518

37.4 (1.2)
16.0 (0.8)
29.8 (1.1)
16.9 (1.1)

162
40
30
25

60.1 (4.1)
17.8 (3.0)
10.7 (2.5)
5.1 (1.4)

1,287
509
923
493

35.5 (1.2)
15.8 (0.8)
31.3 (1.1)
17.3 (1.1)

0.0001

232
121
522
423
164
412

7.5 (0.6)
3.6 (0.4)
16.9 (0.9)
7.7 (0.9)
5.5 (0.5)
11.8 (0.7)

10
6
14
50
12
39

3.1 (1.3)
2.5 (1.2)
5.2 (1.9)
14.4 (2.9)
5.8 (2.3)
15.5 (3.1)

222
115
508
373
152
376

7.8 (0.6)
3.7 (0.4)
17.9 (1.0)
7.2 (0.8)
5.4 (0.7)
11.4 (0.7)

0.0001

1,576

47.0 (1.2)

124

53.5 (4.1)

1,452

46.5 (1.3)

2,729
735

80.0 (0.9)
20.0 (0.9)

184
73

68.1 (3.9)
31.9 (3.9)

2,545
662

81.0 (0.9)
19.0 (0.9)

0.0001

1,755
1,647

54.1 (1.4)
45.9 (1.4)

85
159

37.3 (4.3)
62.7 (4.3)

1,670
1,488

55.4 (1.4)
44.6 (1.4)

0.0001

277
888
139
2
180
19
82
443

7.7 (0.6)
24.6 (1.0)
4.1 (0.4)
0
5.4 (0.5)
0.6 (0.2)
2.3 (0.3)
13.4 (0.8)

29
103
12
2
32
8
1
26

11.9 (2.6)
38.0 (4.0)
4.1 (1.4)
0.4 (0.3)
16.8 (3.4)
2.7 (1.2)
0.2 (0.2)
8.0 (1.9)

248
785
127
0
139
11
81
417

7.3 (0.6)
23.5 (1.0)
4.1 (0.4)
0
4.3 (0.4)
0.4 (0.1)
2.4 (0.3)
13.3 (0.8)

0.041
0.0001
0.948
0.0001
0.0001
0.0001
0.003
0.725

0.0001

Abbreviations: SE, standard error; COPD, chronic obstructive pulmonary disease; BMI, body mass index; TB, tuberculosis; Hb, hemoglobin.

19.6 mL/year and 17.6 mL/year after a peak in males and
females, respectively.4 There may also be an association
between being underweight and having COPD, although further studies on the causative relationship are still needed.6,13
In a previous study with a mean follow-up of 10 years, being
underweight at baseline was a risk factor for subsequently
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developing COPD.22 Other studies have explained how malnutrition associated with underweight subjects contributes to
an increased susceptibility to infection or respiratory muscle
wasting and subsequently compromised lung function.23,24
In the present study, the final educational level was
associated with COPD. Previous studies have reported a
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Table 2 Risk factors for COPD in the never-smoker subjects
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Factor

Sex
Male
Female
Age in years
40–49
50–59
60–69

Univariate analysis

Multivariate analysis

Odds ratio

95% confidence
interval

P-value

Odds ratio

95% confidence
interval

P-value

2.7

1.9–4.0

0.0001

4.2

2.6–6.7

0.0001

0.9–3.3
2.0–7.0

0.135

Reference

Reference

Reference
2.6
5.68

1.4–5.0
3.3–9.8

0.003
0.0001

Reference
1.7
3.8

70–79

13.8

7.6–25.2

0.0001

9.2

4.6–18.7

0.0001

80
BMI (kg/m2)

20.5

8.1–51.6

0.0001

17.7

6.3–49.4

0.0001

3.1

1.3–7.1

0.0001

3.1

1.0–9.4

0.045

0.5–0.9

0.046

18.5
18.5–24.9
25.0
Secondhand smoke
No
Yes
Education level
High school or more
Middle school or less
Occupation
Manager/professional/office worker/
service/sales worker
Agriculture/fishery worker

0.0001

Reference
0.8

0.5–1.1

0.11

Reference
0.7

Reference
0.6

0.4–0.9

0.027

Reference
1.1

0.7–1.7

0.711

Reference
3.4

2.2–5.1

0.0001

Reference
2.0

1.2–3.2

0.007

1.9

0.9–4.1

0.563

0.0001

1.3
2.6

0.5–3.5
1.3–5.3

0.100
0.007

Reference

Reference

5.4

2.9–10.2

Skilled labor/machine operator
Manual laborer (construction, mining)

2.9
3.7

1.1–7.5
1.9–7.2

No labor

0.0001
0.027

3.1

1.8–5.3

0.0001

1.5

0.8–3.1

0.226

Living with partner
Yes
No

Reference
2.0

1.4–2.9

0.0001

Reference
1.2

0.8–1.8

0.301

Family income
High
Low

Reference
2.1

1.4–3.0

0.0001

Reference
0.9

0.6–1.4

0.710

Reference
1.7

1.0–3.0

0.043

Reference
1.1

0.6–1.9

0.888

Reference
2.0

1.4–2.8

0.0001

Reference
0.9

0.6–1.3

0.467

Reference
1.1

–

–

–

0.6–1.9

0.725

Reference
4.5

2.7–7.5

0.0001

Reference
4.5

2.3–8.7

0.0001

Reference
7.0

2.2–22.2

0.007

Reference
6.0

1.4–25.4

0.016

Reference
1.0

–

–

–

0.5–2.09

0.948

Diabetes mellitus
No
Yes
Hypertension
No
Yes
Anemia
No
Yes
History of pulmonary tuberculosis
No
Yes
Bronchiectasis
No
Yes
Cancer
No
Yes

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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positive relationship between a lower educational level and
the prevalence of COPD,13,25,26 although others have reported
contradictory results.27,28 A large study of 49,363 participants
in The People’s Republic of China showed relationships
among low education, low familial income, and COPD,
regardless of residing in a rural or urban area.18 However,
familial income was not a risk factor for COPD in our study.
The difference in risk factors in various countries could be
due to differences in lifestyles and multifactorial relationships among risk factors.25 However, the relationship between
low socioeconomic status, represented by education status,
and COPD was observed again in our study. A link between
socioeconomic status and COPD might be exposure to the
burning of biomass such as wood. The use of biomass fuel
is associated with low socioeconomic status,29 and indoor
exposure to smoke from such burning has been reported to
be an important risk factor of chronic airway disease.30,31
Traditionally, indoor exposure affects females more than
males, especially in Asian countries with late industrialization. Women are usually exposed to smoke inhalation, from
wood or charcoal used for cooking and heating, while performing housework.32 This could partly explain the reason for
COPD among never-smoker females. However, we did not
measure biomass exposure, and a direct relationship between
biomass exposure and COPD could not be shown.
Being male was a risk factor in our study, in line with
other studies.6,10 Although a large number of smoking male
subjects were excluded and a small number of males were
included in this study to focus on never-smokers, being male
was still a dominant risk factor. Contrary to our result, an
international population-based study, the Burden of Obstructive Lung Disease (BOLD) study, reported being female as a
high risk factor for COPD.9 The male dominance in COPD
was variable depending on the severity of airway obstruction,
and male was a risk factor for COPD, but only for moderate
and severe COPD in previous studies.8,10 The difference in
distribution of COPD severity between study populations
might explain the difference in sex dominance. Some investigators have emphasized that exposure to indoor pollution
in early life influences the development of COPD in neversmoker males as well as in never-smoker females.6,33
The present study showed a high risk of COPD in manual
laborers employed in the construction or mining industry.
Although the amount of occupational exposure was not
assessed using direct methods such as particulate matter
(PM), significant exposure to inorganic dust in the workplace
was likely. Construction workers exposed to inorganic dust
have increased mortality from COPD, particularly among
never-smokers.34 US population-based data showed that
502
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employment in construction and record-processing is associated with never-smoker COPD.35 Causal associations among
various occupational exposures and COPD, and related
dose-dependency, have been revealed in previous studies.36
A lower OR in skilled laborers or machine operators compared to a previous study might be due to the simple occupational classification used in the present study.35 According
to the results of the Comparative Risk Assessment project
of the World Health Organization (WHO), occupational
factors were responsible for 13% of COPD development.37
Although the classifications of occupations and outcomes
differed among the groups, other studies have reported consistent results concerning the role of occupational exposure in
COPD.12,17,37 Considering that more males tend to be exposed
to occupational dust than females,38 the male dominance in
never-smoker COPD might be partly explained.
Secondhand smoke, a risk factor for decreased lung
function, did not show a relationship with COPD in our study.
Although many cross-sectional studies have revealed such
a relationship,39 several longitudinal epidemiologic studies
have not shown a relationship or clinical significance.40–43
There are inconsistent results regarding a possible association
between secondhand smoke and lung function, which may be
attributable to methodological differences among studies.44
For example, when a questionnaire includes exposure during
childhood or total duration of exposure, or when the subjects
are limited to workers with high exposure levels, the study
results may be different. The survey used in the present
study was conducted on the Korean general population, and
the exposure level of secondhand smoke might not be high.
Furthermore, the total duration of exposure during one’s
lifetime was not considered in this questionnaire.
Marital status can be a risk factor for COPD.45,46 The relationship between marital status and COPD can be explained
in part by nutritional factors.47 Subjects who lived alone were
found to have poorer nutritional status, particularly COPD
patients.14 In our study, living alone did not exhibit a strong
association with COPD.
Bronchiectasis as a complication of infection can cause
airflow obstruction, the severity of which depends on the
degree of elastic and muscular destruction of the bronchial
wall.48 Other mechanisms – such as bronchospasm, bronchial
secretion, or accompanying emphysematous changes – can
also contribute to the development of airway obstruction.49
In the present study, bronchiectasis was closely associated
with COPD in never-smokers. Unlike in the never-smokers,
bronchiectasis was not a significant risk factor for COPD
in ever-smokers, presented in Table S2. Bronchiectasis is a
contributing factor only in never-smokers or is associated
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with a greater risk for COPD compared with ever-smokers.
Based on the US health care claims system, the estimated
prevalence of bronchiectasis is 52.3 cases per 100,000 persons. Although the prevalence of bronchiectasis in persons
aged 75 years increased substantially to 271.8 per 100,000
persons,50 it was lower than the 0.6% in this study, which
was limited to never-smokers. Asian countries, including
Korea, have a relatively high prevalence of bronchiectasis,51
and the impact of bronchiectasis on the development of
COPD, especially among never-smokers in Asia, should
be emphasized.
A history of tuberculosis was associated with COPD
independently of bronchiectasis. A previous populationbased study reported a similar result. Lamprecht et al9
reported that a history of tuberculosis resulted in an OR of
1.47 for moderate-to-very severe COPD in males and an
OR of 1.65 in females. In addition, there is a close relationship between pulmonary function insufficiency and a history of tuberculosis.52,53 Pulmonary function insufficiency
in patients previously treated for tuberculosis presents as
extensive fibrosis and endobronchial stricture following
tuberculosis.54 These previous reports are supported by
our results with an OR of 4.5 in never-smokers. This value
was greater than the OR of 2.3 in ever-smokers as well as
other previously reported values. The relationship between
previously treated tuberculosis and subsequent COPD may
be associated with a high rate of never-smoker COPD in
endemic areas such as Asia, including Korea. Indeed, controlling the tuberculosis epidemic may prevent some cases
of COPD.55
The present study had several limitations. The diagnosis
of bronchiectasis was based on a questionnaire about history
of diagnosis by a physician without radiologic information.
For this reason, the real number of patients with bronchiectasis might be greater compared with our data. In addition,
the definition of COPD was based on the prebronchodilator
FEV1/FVC ratio. Although patients with asthma diagnosed
by physicians were excluded in this study, it is possible that
undiagnosed asthma patients were mingled with the COPD
patients. The questionnaires in this study did not measure
biomass smoke or biologic dust exposure. The direct relationship between environmental exposure and COPD could not
be analyzed, which was also a limitation. In addition, due
to the small numbers of several variable categories such as
male individuals and underweight subjects, the contribution
of these risk factors toward developing COPD might be less
obvious. Nevertheless, this study tried to clarify the impact
of several socioeconomic factors and comorbidities on
never-smoker COPD and examined their relationship. A low
International Journal of COPD 2015:10
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education status, low labor status, and a previous history of
tuberculosis and bronchiectasis were found to be important
risk factors for COPD in Korean never-smokers.

Conclusion
The consideration of never-smokers as a proportion of COPD
patients has been low, especially in Asia, including Korea.
In this population, never-smokers account for more than 30%
of COPD patients. This study revealed that low educational
status, manual labor, a history of pulmonary tuberculosis, and
bronchiectasis as well as being male, old, and underweight
are risk factors for COPD in never-smokers. This result
supports the association between low socioeconomic status
and COPD and emphasizes the importance of chronic lung
injury due to infection in never-smoker COPD compared
with that in ever-smokers.
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Supplementary materials
Table S1 Demography and severity of never-smoker COPD and smoker COPD
Factors

Never-smoker COPD
N (%)

Smoker COPD
N (%)

P-value

Subjectsa
Sex, female

258
187 (71.6)

562
40 (7.5)

Age, mean ± SE
COPD severity
Mild
Moderate
Severe
Very severe

65.7±0.9

62.8±0.6

–
0.0001
0.008
0.205

108 (44.8)
142 (53.5)
6 (1.6)
0

247 (43.3)
282 (52.0)
29 (4.4)
3 (0.3)

Notes: aPatients with COPD were recruited from 5,784 subjects designated in Figure 1.
Abbreviations: COPD, chronic obstructive pulmonary disease; SE, standard error.

Table S2 Multivariate analysis of risk factors for COPD in total subjects and ever-smokers
Factors
Sex
Male
Female
Age (years)
40–49
50–59
60–69
70–79
80
BMI (kg/m2)
18.5
18.5–24.9
25.0
Secondhand smoking
No
Yes
Education level
High school or more
Middle school or less
Occupation
Manager/professional/office worker/
service/sales worker
Agriculture/fishery worker
Skilled labor/machine operator
Manual laborer (construction, mining)
No labor
Living with partner
Yes
No
Family income
High
Low
Diabetes mellitus
No
Yes
Hypertension
No
Yes

Total

Ever-smoker

OR

95% CI

P-value

OR

95% CI

P-value

5.9
Reference

4.5–7.8

0.0001

2.6
Reference

1.5–4.5

0.001

1.7–3.5
4.0–8.7
8.8–20.5
7.3–36.3

0.0001
0.0001
0.0001
0.0001

1.8–4.4
4.6–11.5
9.0–27.0
2.9–24.7

0.0001
0.0001
0.0001
0.0001

1.1–4.1

0.022

0.72–3.3

0.245

0.5–0.9

0.006

1.6
Reference
0.7

0.5–1.0

0.049

Reference
1.2

0.9–1.5

0.266

Reference
1.1

0.8–1.6

0.458

Reference
1.7

1.3–2.2

0.0001

Reference
1.6

1.2–2.2

0.005

Reference
2.4
5.9
13.4
16.2
2.1
Reference
0.7

Reference

Reference
2.8
7.2
15.6
8.4

Reference

1.4
1.0
2.2
1.5

0.9–2.1
0.7–1.6
1.5–3.1
1.0–2.1

0.156
0.909
0.0001
0.044

1.2
0.9
1.2
1.4

0.7–1.9
0.6–1.5
1.2–3.4
0.9–2.2

0.535
0.769
0.006
0.146

Reference
1.3

1.0–1.7

0.077

Reference
1.2

0.8–1.4

0.441

Reference
1.0

0.8–1.3

0.929

Reference
1.0

0.81–1.54

0.764

Reference
1.2

0.8–1.6

0.382

Reference
1.2

0.8–1.7

0.297

Reference
0.7

0.6–0.9

0.003

Reference
0.6

0.5–0.8

0.002

(Continued)
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Factors

Total

Pulmonary tuberculosis
No
Yes
Bronchiectasis
No
Yes

Ever-smoker

OR

95% CI

P-value

OR

95% CI

P-value

Reference
2.9

1.9–4.3

0.0001

Reference
2.3

1.5–3.6

0.0001

Reference
2.7

1.0–7.6

0.06

Reference
1.0

0.4–2.7

0.966

Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confidence interval; BMI, body mass index.
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