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Abstract
Objectives: The purpose of this study was to determine the prevalence of COPD
among non-smoking adults, and to investigate the risk factors that affect disease
occurrence.
Methods: The data from the 5th Korea national health and nutrition examination
survey (KNHNES) has been used, and 5,489 non-smoking adults aged between 40
to 79 years with diagnosable FEV1/FVC were selected therefrom as the subjects
of this study.
Results: The prevalence of COPD in non-smokers was observed to be 6.9%. The
development of the COPD showed statistically significant difference among
groups; males showed about 2.54 times (95% CI: 1.410w146.612) higher rates
compared to females, subjects aged 70e79 showed about 3.08 times (95% CI:
1.823w11.437) higher rates compared to those aged 40e49, subjects whose
education level was elementary school or less showed about 5.36 times (95% CI:
1.341w21.393) higher rates compared to those who are college or more, and
subjects who are middle school showed about 4.72 times (95% CI: 1.374w16.217)
higher rates compared to the college or more.
Conclusion: It is confirmed that development of the COPD in non-smokers reach
significance. For the prevention of the disease, there is a need to identify COPD-
related risk factors in males and the elderly and provide appropriate nursing inter-
vention, and to develop health-related education programs for those with low
educational background to take inorder topromote the improvement of lunghealth.
1. Introduction

1.1. Background
Chronic obstructive pulmonary disease (COPD) is a

common respiratory disease in adults, and is diagnosed

on the basis of a forced expiratory volume in 1 second of

< 0.07 (FEV1/FVC < 0.07) in the pulmonary function
ase Control and Prevention.
reativecommons.org/licens
test (PFT). COPD is characterized by dyspnea due to

limited airflow. According to the Statistics Korea,

COPD is the fourth leading cause of death among the

elderly (age � 65 years) in South Korea [1], and is likely

to become the third leading cause of death in the world

by 2020 [2]. Advanced COPD is associated with severe

dyspnea accompanied by coughing, sputum, and fatigue,
Published by Elsevier Korea LLC. This is an open access article
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as well as cardiovascular complications such as cardiac

insufficiency, which require constant oxygen supply and

limit daily activities, ultimately resulting in depression

or decreased quality of life [3e5].

The main risk factor for COPD is smoking, with a long

smoking period leading to a proportionately high preva-

lence [6e8]. However, the occurrence of COPD has

recently increased among nonsmokers who have never

smoked in their lives [9]. There are approximately 50

million nonsmoking COPD patients worldwide [6], and

recent reports have revealed that the prevalence of COPD

among nonsmoking South Koreans is 7.1e8.2% [10,11].

Even though there are many COPD patients among

nonsmokers, the main cause of the disease has not been

yet defined. Some of the pathophysiologic changes,

personal, and environmental risk factors relate to air

flow restriction have been addressed in previous studies.

Exposure to cigarette smoke from secondhand

smoking can affect the bronchus and limit airflow [11].

The risks of respiratory infection also vary depending on

the rate of practicing health-related activities or the level

of occupational exposure to hazardous substances

[10,12]. A decreased level of immunity or pulmonary

compliance due to increased age may also lead to

increased risk of respiratory infections or deterioration

of respiratory function [13]. Educational and financial

status affect acquisition of health-related knowledge and

information, as well as access to health services and

nutritional intake; hence, these factors may also affect

the occurrence of pulmonary infection for those living in

an environment exposed to exhaust gas [2,14e17]. Dust

[18,19], coal, and heavy metals such as cadmium,

aluminum, mercury, and lead [20,21] may cause airflow

restriction [22]. Poor nutritional intake and stress affect

energy balance and deteriorate immunity, thereby

reducing muscle strength and causing dyspnea

[16,22,23]. Differences in physical activities lead to

changes in respiratory muscle strength, intramuscular

protein, and weight, and may cause dyspnea in daily life

as well [24]. Anemia increases muscle fatigue due to

oxygen deficiency in the blood, and causes difficulties in

physical activities and dyspnea [25]. A medical history

of lung disease [26,27] or pulmonary tuberculosis may

impact airflow and cause airway inflammation or pul-

monary fibrosis, thus resulting in airway changes [8].

According to The Korea Environment Corporation,

unfortunately, the concentration of fine dust (PM10) in

South Korea has recently reached a daily average of up

to 99 mg/m3 [28], raising concerns regarding respiratory

infections. South Korea is greatly affected by environ-

mental influences from China, which is the largest

emitter of air contaminants in northeast Asia. Despite

the severity of air pollution or the increase in the number

of nonsmoking COPD patients, not many studies have

been conducted to investigate factors that play a major

role in the occurrence of the disease among nonsmokers.

A few previous studies identified the factors associated
with COPD among nonsmoking adults as sex, age, so-

cioeconomic status and educational background, occu-

pational exposure to dust, body mass index (BMI), and

history of pulmonary tuberculosis or asthma

[9,12,29,30]. However, conclusions cannot be made

based on just a few studies.

The Korea National Health and Nutrition Examina-

tion Survey (KNHANES) includes pulmonary function

test and the variables related to respiratory problem. It

provides data that are representative of the population

since the sample size is large. Therefore, the present

study used data from the fifth KNHANES from

2010e2012, to determine the prevalence and to identify

the risk factors of COPD among nonsmoking adults.

Ultimately, this study is expected to contribute to efforts

for prevention of COPD for nonsmoking adults, which

should in turn improve their quality of life by preventing

physical, social, and financial loss.

1.2. Objective
The objective of this study was to determine the

prevalence of COPD among nonsmoking adults aged

40e79 years, and to investigate the risk factors that

affect disease occurrence.
2. Materials and methods

2.1. Research design
Descriptive and cross-sectional study design was

used for secondary data analysis.

2.2. Participants
The study included 40e79-year-old participants of the

fifth KNHANES from 2010 to 2012, who underwent

PFT, and who were self-reported “never smokers”. Par-

ticipants with no FEV1/FVC results, those who smoked

fewer than five packs of cigarettes in their lifetime, and

those who did not respond to smoking survey questions

were excluded from the analysis (Figure 1).

2.3. Data collection procedures
The data used in this study were downloaded from the

website of the Korea Centers for Disease Control and

Prevention (KCDCP; http://knhanes.cdc.go.kr). Accord-

ing to the report by the KCDCP, the fifth KNHANES

(2010e2012) is a health and nutrition survey conducted

nationwide from a sample of 192 districts, and extracted

every year from all household members aged � 1 year in

3,840 households. Within the districts, 20 sample

households were selected. Excluded were facilities such

as nursing homes for the elderly, military and prison

installations, and foreigners. All household members

aged � 1 year older within the sample households were

selected as survey participants [5].

Data were collected by technical researchers con-

sisting of nurses and health science personnel who had

http://knhanes.cdc.go.kr


Figure 1. The selection process for the study participants. COPD Z chronic obstructive pulmonary disease; FEV1/

FVC Z forced expiratory volume in 1 second; KNHAES Z Korea National Health and Nutrition Examination Survey.
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completed 2e4 weeks of education and training. In

particular, to minimize cases of unclear PFT results, the

researchers were regularly trained twice a year and

retrained as needed. PFT was conducted without

administering bronchodilator, on participants aged

40e79 years only. The health survey was conducted in

the form of an interview and a self-administered ques-

tionnaire. The blood test was performed on 2,400 par-

ticipants aged � 10 years [7].
2.4. Ethical considerations
For the use of the fifth KNHANES raw data, approval

was obtained by the Institutional Review Board of the

Korea Centers for Disease Control and Prevention (Year

1: 2010-02CON-21-C, Year 2: 2011-02CON-06-C, Year

3: 1201-01EXP-01-2C) [10]. The data were disclosed to

the public, and none of personally information of par-

ticipants were identifiable. In addition, this study was

approved by the Institutional Review Board of Eulji

University (EUIRB2016-23).
2.5. Research variables
Independent variables include the general character-

istics of sex, age, education, income, longest held job in

life, and residence. Also, health and environment related

variables were BMI, stress, passive smoking at work,

passive smoking at home, moderate physical activities,

anemia, lead, cadmium, history of pulmonary tubercu-

losis, and time elapsed after the first diagnosis of pul-

monary tuberculosis. The dependent variable is COPD

(FEV1/FVC < 0.07 in PFT). Table 1 shows the list of

explanatory variables.
2.6. Data analysis method
Data were analyzed using IBM SPSS Statistics 22.0

(Windows/MAC; SPSS, Inc., Chicago, IL, USA, an IBM

Company). Considering that the raw data ofKNHANES is

a complex sample design, weighted values were used for

analysis. The prevalence was analyzed with descriptive

statistics using frequency, percentage, and standard errors.

The difference of the prevalence by general, health be-

haviors, and disease-related characteristics were analyzed

withc2 test and independent samples t test. Risk factors of

COPD among nonsmoking adults were analyzed with

logistic regression analysis.
3. Results

3.1. Prevalence of COPD among nonsmoking

adults
The annual trend shows that the COPD prevalence

was 6.2% in 2010, 6.4% in 2011, and 8.0% in 2012.

Among 5,489 adults aged 40e79 years who participated

in this study, 6.9% on average (n Z 388) were found to

have COPD. Table 2 shows the prevalence of COPD

among Korean nonsmoking adults.

3.2. Comparison of prevalence of COPD by

general characteristics among nonsmoking

adults
The prevalence of COPD in men was 2.183 times

higher than that in women [95% confidence interval

(CI): 1.562e3.051]. According to age, the prevalence

was 1.738 times higher among patients who were age

50e59 years (95% CI: 1.037e2.912), 6.173 times



Table 1. List of explanatory variables.

Variables Category

General characteristics Sex Male/female

Age (y) 40e49/50e59/60e69/70e79

Education Elementary school or less/middle school/high

school/college or more

Income Low/middle/high

Longest held job in life Managers, professional, office worker/service,

sales worker/agriculture fishery worker, manual

laborer, soldier/technician, machine operator,

assembly worker

Residence Urban/rural

Health and

environment related

characteristics

BMI (kg/m2) < 18.5/18.5e< 25/� 25

Stress High/moderate/low

Passive smoking at work No/yes

Passive smoking at home No/yes

Moderate physical activity (d) < 3/� 3

Anemia No/yes

Lead (mg/dL)

Cadmium (mg/dL)
History of pulmonary tuberculosis No/yes

Time elapsed after the first diagnosis

of pulmonary tuberculosis (y)
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higher among ages 60e69 years (95% CI:

3.589e10.617), and 7.734 times higher among ages

70e79 years (95% CI: 1.596e13.013) compared to ages

40e49 years. With respect to education, the prevalence

was 2.215 higher for those who attended elementary

school or lower compared to those who completed col-

lege or higher (95% CI: 11.320e3.717). On the basis of

longest held job in life, the prevalence was 1.664 times

higher for those working in agriculture, forestry, and

fishery/simple labor/military than those working in

technical posts/mechanical handling and assembly (95%

CI: 1.047e2.581). The differences of those cases were

statistically significant. The prevalence according to

income or residence did not differ by groups and were

not statistically significant. Table 3 shows the preva-

lence of COPD and risk factors according to the general

characteristics of nonsmoking adults.
Table 2. Prevalence of chronic obstructive pulmonary disease

Year

COPD (nZ 388)

n % (SE) n

2010 92 6.2 (0.9) 1,55

2011 115 6.4 (0.7) 1,71

2012 181 8.0 (1.1) 1,82

Total 388 6.9 (0.5) 5,10

% (SE) Z weighted % (standard error); n Z unweighted n.
3.3. Comparison of prevalence of COPD by

health and environment related

characteristics among Korean nonsmoking

adults
The prevalence of COPDwas 0.568 times lower among

those who experienced a high level of stress (95% CI:

0.388e0.833), and 0.530 times lower among those who

experienced a moderate level of stress (95% CI:

0.371e0.757), compared to thosewho felt almost no stress,

and the differences were statistically significant. The dif-

ference in prevalence according to BMI, passive smoking

at work and home, and moderate physical activities, was

not statistically significant. The average blood lead level of

COPD among nonsmoking adults was 2.52 � 1.11 mg/dL.
As the level of lead increased by 1 mg/dL, the prevalence
became 1.334 times higher (95% CI: 1.057e1.683), and

the difference was statistically significant.
(COPD) among nonsmoking adults (n Z 5,489).

Non-COPD (n Z 5,101) Total (nZ 5,489)

% (SE) n

8 93.8 (0.9) 1,660

4 93.6 (0.7) 1,829

9 92.0 (1.1) 2,010

1 93.1 (0.5) 5,489



Table 3. Comparison of prevalence of chronic obstructive pulmonary disease (COPD) by general, health and environment

related characteristics among nonsmoking adults. (n Z 5,489).

Variable Categories

Total

COPD

(nZ 388)

Never smoker

(n Z 5,489)

n n % (SE)

Univariable R

OR (95% CI)

Sex Male 2.183 (1.562e3.051)y

Female 4,879 297 6.1 (0.5) 1

Age (y) 40e49 1,473 28 2.2 (0.5) 1

50e59 1,783 75 3.8 (0.5) 1.738 (1.037e2.912)y

60e69 1,425 160 12.4 (1.5) 6.173 (3.589e10.617)y

70e79 808 125 15.1 (1.7) 7.734 (1.596e13.013)y

Education Elementary school or less 1,831 179 9.9 (1.0) 2.215 (1.320e3.717)y

Middle school 958 73 7.7 (1.1) 1.687 (0.991e2.870)

High school 1,632 79 4.6 (0.8) 0.967 (0.537e1.739)

College or more 1,061 57 4.7 (1.1) 1

Income Low 1,189 73 6.8 (0.9) 1

Middle 2,725 186 6.3 (0.6) 0.928 (0.681e1.264)

High 1,513 121 7.6 (1.0) 1.126 (0.771e1.647)

Longest held job in life Managers/professional/office

worker

1,477 79 5.1 (0.9) 0.888 (0.526e1.499)

Service/sales worker 1,380 86 6.0 (0.9) 1.046 (0.659e1.661)

Agriculture fishery worker/

manual laborer/soldier

1,577 150 9.1 (1.2) 1.644 (1.047e2.581)*

Technician/machine

operator/assembly worker

713 39 5.8 (1.0) 1

Residence Urban 4,307 295 6.6 (0.6) 1

Rural 1,182 93 7.7 (1.2) 1.176 (0.795e1.740)

BMI (kg/m2) < 18.5 69 7 15.1 (5.9) 2.243 (0.893e5.632)

18.5e< 25 3,424 265 7.3 (0.7) 1

� 25 1,991 116 5.8 (0.7) 0.784 (0.587e1.048)

Stress High 1,260 81 6.4 (0.9) 0.568 (0.388e0.833)*

Moderate 3,282 209 6.0 (0.6) 0.530 (0.371e0.757)*

Low 946 98 10.7 (1.4) 1

Passive smoking at work No 1,611 127 6.6 (0.8) 1.158 (0.344e3.898)

Yes 1,006 57 4.8 (0.9) 1

Passive smoking at

home

No 150 12 8.2 (2.9) 3.058 (0.852e10.974)

Yes 665 42 5.2 (1.0) 1

Frequency of moderate

physical activity (d)

< 3 3,966 278 7.1 (0.6) 1.163 (0.837e1.616)

� 3 1,523 110 6.2 (0.9) 1

Anemia No 4,761 333 6.8 (0.6) 1

Yes 529 40 7.1 (1.4) 1.043 (0.690e1.576)

Mean � SD

Lead (mg/dL) 1,567 100 2.52 � 1.11 1.334 (1.057e1.683)*

Cadmium (mg/dL) 1,567 100 1.36 � 0.56 0.930 (0.660e1.311)

History of pulmonary

tuberculosis

No 59 4 10.2 (5.5) 1

Yes 248 53 19.8 (3.3) 2.168 (0.694e6.769)

Time elapsed after the

first diagnosis of

pulmonary

tuberculosis (y)

238 50 32.9 (2.7) 1.043 (1.009e1.089)*

* p < 0.05, y p < 0.001. %(SE) Z weighted % (standard error); n Z unweighted n; R Z regression analysis; Total Z COPD n þ non-COPD n.

Prevalence and risk factors of COPD among nonsmokers 389
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The prevalence according to the time elapsed after

the first diagnosis of pulmonary tuberculosis became

1.043 times higher (95% CI: 1.009e1.089) as the time

elapsed increased by one year (95% CI: 1.009e1.089),

and the difference was statistically significant. The dif-

ference in prevalence relative to anemia, history of

pulmonary tuberculosis, or blood cadmium level was not

statistically significant. Table 3 shows the prevalence of

COPD according to characteristics related to general,

health, and environment of nonsmoking adults.

3.4. Risk factors of COPD among nonsmoking

adults
This study considered sex, age, education, longest

held job in life, stress, lead levels in blood, and time

elapsed after the first diagnosis of pulmonary tubercu-

losis as independent variables for the multivariate lo-

gistic regression analysis. Table 4 shows the risk factors

of COPD for nonsmoking adults.
Table 4. Risk factors of chronic obstructive pulmonary disease

Categories

Model 1 (nZ 1

Multivariable

OR (95% C

General characteristics

Sex Male

Female

Age (y) 40e49
50e59

60e69
70e79

Education Elementary

school or less

Middle school

High school

College or more

Longest held job

in life

Managers/professional/

office worker

Service/sales worker

Agriculture fishery

worker/ manual

laborer/soldier

Technician/machine

operator/assembly

worker
Health and environment related characteristics

Stress High 0.537 (0.228e1.

Moderate 0.677 (0.325e1.

Low 1

Lead (mg/dL) 1.336 (1.056e1.

Time elapsed

after the first

diagnosis of

pulmonary

tuberculosis (y)

* p < 0.05. y p < 0.001. CI Z confidence interval; OR Z odds ratio; R Z reg
In Model 1, the influence of stress was not statisti-

cally significant. As for blood lead levels, the risk of

COPD occurrence became 1.336 times higher (95% CI:

1.056e1.690) as the lead levels increased by 1 mg/dL,
and the difference was statistically significant.

Model 2 examined the influence of sex, age, educa-

tion, longest held job in life, stress, and lead levels in

blood, which turned out to be significant in the univar-

iate logistic regression analysis. The risk of COPD

occurrence was 2.539 times higher in men than in

women (95% CI: 1.410e146.612); 3.076 times higher

among patients aged 70e79 years than among those

aged 40e49 years (95% CI: 1.823e11.437); 5.356 times

higher for participants who graduated from elementary

school or lower (95% CI: 1.341e21.393), and 4.720

times higher for those who graduated from middle

school (95% CI: 1.374e16.217) than for those who

graduated from college or higher; in all cases the dif-

ference was statistically significant.
(COPD) for nonsmoking adults (n Z 1,567).

,567) Model 2 (nZ 1,567) Model 3 (nZ 238)

R Multivariable R Multivariable R

I) OR (95% CI) OR (95% CI)

2.539 (1.150e5.608)* 8.894 (1.523e151.250)*

1 1

1 1.054 (1.017e1.202)*

1.069 (0.395e2.892)

2.697 (0.900e8.084)
3.076 (1.82e11.437)y

5.356 (1.341e21.393)* 15.900 (0.285e885.599)

4.720 (1.374e16.217)* 25.492 (0.256e2540.273)

2.548 (0.890e7.297) 6.543 (0.092e463.188)

1 1

4.789 (0.597e14.356) 0.741 (0.044e12.473)

2.177 (0.838e5.657) 1.847 (0.200e17.069)

2.156 (0.858e5.417) 7.252 (0.553e95.169)

1 1

265) 0.673 (0.267e1.700) 0.050 (0.001e2.231)

411) 0.863 (0.413e1.805) 0.044 (0.001e1.637)

1 1

690)* 1.137 (0.827e1.563) 1.431 (0.536e3.820)

1.064 (1.100e1.133)*

ression analysis
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Model 3 examined time elapsed after the first diagnosis

of pulmonary tuberculosis as a potential risk factor for

COPD. Limited number of participants with the history of

pulmonary tuberculosis (nZ 238) could be included in

the analysis. The results of the analysis showed that the

risk of COPD occurrence was higher in men than in

women (cross ratio 8.894, 95% CI: 1.523e151.250), in

old age (cross ratio 1.054, 95% CI: 1.017e1.202), and

with more time elapsed after the first diagnosis of pul-

monary tuberculosis (cross ratio 1.064, 95% CI:

1.000e1.133). The difference was statistically significant.
4. Discussion

4.1. Prevalence of COPD
Results showed that in 3 years, the average preva-

lence of COPD for nonsmoking adults aged 40e79

years was considerably high at 6.9%, and constantly

increased from 6.2% to 8.0% in 3 years. The increase in

COPD prevalence is similar to findings from the fourth

KNHANES (2007e2009) and indicated that the average

prevalence in these 3 years was 7.6% [10]. It has been

reported that the prevalence of COPD among

nonsmoking adults aged � 40 years in China is 5.2%

[12], which is slightly lower than the rate in South

Korea. One factor to consider is that the PFT performed

by KNHANES is a large-scale screening test that was

performed in the community without the bronchodilator

that is routinely administered in diagnostic tests; this

may have influenced the incidence rate [7].

4.2. COPD risk factors for nonsmoking adults
In Model 1, stress was included because it is a cause of

various chronic diseases, and is known to cause illnesses

by decreasing immunity [23,31e33]. Compared to pa-

tients who experienced almost no stress, those who

experienced excessive or little stress showed 0.57 times

and 0.67 times lower prevalence, respectively. This

finding is different from that of previous studies; none-

theless, the influence of stress may be limited, as no sta-

tistical significancewas found in themultivariate analysis.

Model 2 shows that the prevalence is approximately

2.54 times higher in men than in women. A study that

analyzed 2007e2009 KNHANES data also showed a

4.2-times higher incidence rate in men than in women

[10], and a study on Chinese nonsmoking adults showed

that the rate was 1.97 times higher in men [11]. Men

could be at higher risk due to a lower level of health-

related information or a lower rate of practicing

health-related behavior than women [10], and are more

occupationally and environmentally exposed to hazard-

ous substances [12].

The prevalence of COPD increased with age, consis-

tent with findings from previous studies [6,10,12,34].

With aging, the effect of intra-airway ciliary movement

and cough reflex decreases and sputum is not discharged
efficiently, thereby increasing the risk of respiratory in-

fections. Moreover, elasticity of lung tissues is damaged,

which decreases inhalation and expiratory flow volume

while increasing residual air and expiratory reserve vol-

ume, consequently reducing airflow and causing ven-

tilationeperfusion mismatch [13]. This indicates that the

elderly are at high risk for COPD.

The occurrence rate was about 2.22 times higher in less

educated participants when compared to the counterpart.

For nonsmoking Chinese people, it was also found that

those who had < 10 years of education had a 1.97 times

higher rate compared to those who had � 10 years of

education [35]. A low education may indicate relatively

low socioeconomic status and poor nutrition [15], thereby

resulting in lowquality of health, decreased immunity, and

a high risk of succumbing to pulmonary infection.

Finally, Model 3 used a limited number of partici-

pants, including those diagnosed with pulmonary

tuberculosis (n Z 238). The prevalence among this

group increased to approximately 1.06-fold as elapsed

time after the first diagnosis of pulmonary tuberculosis

increased by 1 year. Pulmonary tuberculosis disturbs

airflow and causes airway inflammation, leading to

rapidly progressing respiratory obstruction [8]. It has

also been reported that if one was diagnosed with pul-

monary tuberculosis at an earlier age, the occurrence

rate and severity of COPD were also higher [36].

Recently, the occurrence rate of pulmonary tuberculosis

in Korea has been reported to be the highest in the Or-

ganization for Economic Cooperation and Development

countries [37]. In a study conducted in Korean non-

smokers, the prevalence of COPD among individuals

with a medical history of tuberculosis was 4.5 times

higher than that among individuals without such a his-

tory [10]. A study on nonsmokers aged � 40 years in 14

countries also showed that both men and women with a

medical history of tuberculosis showed 1.5e1.7 times

higher prevalence [29], although additional replication

studies are required to verify these findings.

The difference of prevalence compared by the occu-

pation did not reach the level of significance in the

multivariate logistic regression analysis, but it was high

among those working in agriculture, forestry, and fishery/

simple labor/military in the univariate analysis. Previous

studies on South Koreans showed that simple laborers

including those in the construction or mining industry had

a 2.6 times higher prevalence than managers, experts, of-

fice workers, service providers, or sales employees [10].

For US citizens, construction laborers and delivery

personnel showed 3.4 times and 2.9 times higher preva-

lence, respectively, compared to office workers [38].

These results are in line with the findings of a Swedish

study in which it was found that exposure to gas, dust, or

smoke atwork influence the occurrence rate ofCOPD [39].

As such, there are various risk factors for COPD in

nonsmoking adults, and the results of this study may help

in facilitating efforts to reduce COPD by guiding the
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control of risk factors for the disease. This study will also

be used as basic data to resolve issues related to COPD.

4.3. Limitations
This study has a number of limitations. First, PFT

conducted by KNHANES did not use a bronchodilator

and is, therefore, different from the COPD diagnosis

criteria routinely followed in clinical practice. Second,

PFT conducted by KNHANES limited the participants

to those aged 40e79 years, thereby excluding those

aged � 80 years. Third, Model 3 includes patients who

were diagnosed with pulmonary tuberculosis among all

participants, thereby limiting the number of participants.

Fourth, the classification of occupational clusters in the

source data used in this study was limited in analyzing

the harm from occupation and/or the environment.
5. Conclusions and suggestions

In conclusion, there is a considerable rate of COPD

occurrence among nonsmokers. The risk factors for

COPD among nonsmoking adults were: (1) old men

with a low education; (2) patients for whom a long time

had elapsed following the first diagnosis of pulmonary

tuberculosis; and (3) patients who had been highly

exposed to lead. Therefore, the findings of this study

support the following proposal with respect to preven-

tion of COPD in the future. First, it is necessary to

inform never smokers about the risk factors associated

with COPD occurrence, and to emphasize the need for

preventing respiratory infections. Second, individuals

with a medical history of tuberculosis should be required

to regularly undergo PFT to prevent deterioration of

pulmonary functions and to thoroughly track and

observe their conditions. Third, the laborers in the

construction or mining industry should be aware of the

fact that they may be diagnosed with COPD even if they

do not smoke, and also that they must wear protective

gear to block out dust; they must also be informed about

the characteristics and risks associated with their work

environment. Considering that the concentration of fine

particulate matter in air is high in South Korea, and

given that lead is also detected in old cooking utensils, it

is necessary to avoid venturing outdoors on days with

especially high levels of fine particulate matter and

yellow dust in the air. Otherwise, people must be

encouraged to wear a mask when outdoors to protect

themselves against yellow dust. Old cooking utensils

must also be replaced to prevent accumulation of lead in

the lungs. Fourth, a follow-on replication study is sug-

gested on nonsmokers diagnosed in PFT after using a

bronchodilator as in clinical setting. Finally, future

research should include PFT on the elderly (aged � 80

years), who were excluded from this study, and occu-

pational clusters in the source data need be classified

according to exposure to harmful substances.
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