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Background: Chronic obstructive pulmonary disease (COPD) is the fifth leading cause of death worldwide. The
awareness and treatment rate of the disease are low despite its relatively high prevalence. With the added data, this
study aimed to identify changes in prevalence and risk factors of COPD using the data from the 5th KNHNES.
Methods: The subjects of this study were 8,969 individuals aged 40 and older who satisfied suitability and repro-
ducibility for pulmonary function tests. The prevalence, awareness and risk factors of COPD were predicted based
on the questionnaires on gender, age, educational level, income level, smoking history, body mass index (BMI) and
other COPD related questions.

Results: Diagnosis of COPD was based on the airflow limitation (forced expiratory volume in one second/forced
vital capacity <0.7) of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria. The prevalence
of COPD from 2010 to 2012 was 13.7%, of which 23.3% was men and 6.5% women. The prevalence was on the rise,
with 12.2% in 2010, 13.2% in 2011, and 15.5% in 2012. In GOLD stage 1, the percentages of those who had cough or
sputum and smoking history were 12.1% and 75.5%, respectively, but only 0.1% was diagnosed with COPD. Even
after adjusting for asthma and tuberculosis, men, old age, larger amount of smoking were linked with a higher prev-
alence of COPD, and obese and higher educational level were associated with a lower prevalence of COPD.
Conclusion: The prevalence of COPD in Korea has been increasing every year, and a higher prevalence was associ-
ated with male, older age, more amount of smoking, lower educational level and lower BML
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a chronic
inflammatory disease that causes irreversible airflow limitation
in the airways. This disease may be caused by smoking, fumes,
a history of occupational exposure, and infection, which dam-
age the pulmonary parenchyma and narrow the airway. The
early stage is typically asymptomatic, although coughing, spu-
tum, and shortness of breath become evident as the disease
progresses. These conditions lead to respiratory infection and
limitations in the patient’s daily routine, and ultimately to a
lower quality of life.”

The prevalence and mortality of COPD are high worldwide,?
and so are the resultant national and socioeconomic burdens.”
According to the World Health Organization’s 2004 estimates,
there were 64 million people with COPD worldwide and 3 mil
lion people died due to COPD? this disease is expected to be
the third leading cause of death by 2030. The Korean National
Health and Nutrition Examination Survey (KNHNES) 2008 also
reported that approximately 13.4% of the population who were
240 years old exhibited airflow limitation (forced expiratory
volume in one second [FEV]/forced vital capacity [FVC] of <0.7)
during pulmonary function testing.” In addition, 15.6 of 100,000
persons die because of respiratory diseases, including COPD,®
which was the seventh leading cause of death in Korea.”

In Korea, no studies have evaluated the prevalence of COPD
since the 4th KNHNES. However, the 5th KNHNES strength-
ened the diagnostic criterion for COPD, as it required =3 ap-
propriate pulmonary function test curves, compared to the pre-
vious criterion of >2 appropriate curves. Moreover, the 5th KN-
HNES also evaluated for a history of tuberculosis, via chest ra-
diography. Therefore, this study aimed to investigate the preva-
lence and risk factors for COPD, based on data from the 5th KIN-
HNES.

METHODS

Between 2010 and 2012, the 5th KNHNES included 3,800 house-
holds within 192 enumeration districts, which were represen-
tative of the entire Korean population. Of 12,221 participants
who were >40 years old, we selected 8,969 individuals for anal-
ysis in the present study.

The presence of COPD was based on the airflow limitation
criteria (a FEV,/FVC of <0.7) that were suggested by the Global
Initiative for Chronic Obstructive Lung Disease (GOLD). Ac-
cording to the GOLD criteria, the severity of COPD is divided
into four stages: stage 1 (mild; FEV: > 80%), stage 2 (moderate;
FEV: 50%-80%), stage 3 (severe; FEV; 30%-50%), and stage 4
(very severe; FEV; <30%).
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1. Definitions of Smokers and Amount of Smoking
Non-smokers were defined as individuals who had smoked
<100 cigarettes during their entire life, while smokers were de-
fined as individuals who had smoked =100 cigarettes during
their entire life. Smokers were divided into former smokers and
current smokers, depending on whether they were currently
smoking or not. Pack-years was used to calculate the amount
of smoking, by multiplying the average number of packs per
day by the number of years smoked, regardless of whether the
individual was a former or current smoker.

2. Body Mass Index

The body mass index (BMI) values were calculated by dividing
the individual’'s body weight by their height squared. A BMI of
<18.5 kg/m* was defined as underweight, a BMI of 18.5 to 23
kg/m?® was defined as normal, a BMI of 23 to 25 kg/m* was de-
fined as overweight, and a BMI of >25 kg/m* was defined as
obese.

3. Criteria for Regional Classification, Income, and
Educational Level

The 16 cities and provinces were divided into urban and rural
regions. The urban regions included Seoul, Busan, Daegu, In-
cheon, Gwangju, Daejeon, and Ulsan, and the rural region in-
cluded all other provinces (including Jeju). Income level was
based on quartiles of the raw income data from the 5th KNHNES.
Education level was divided into elementary school graduation
or lower, middle school graduation, high school graduation,
and university graduation or higher. Individuals who had dropp-
ed out, enrolled students, and students who were on a leave of
absence were included in the lowest education category.

4. Pulmonary Function Tests

Of 12,221 participants who were =40 years old, pulmonary
function testing was performed for 8,969 of the surveyed indi-
viduals. The remaining individuals did not consent to partici-
pate or were not eligible for the testing (n=1,742), or did not
satisfy the requirements for acceptability and repeatability for
pulmonary testing (n=1,510). According to the 5th KNHNES
criterion, only patients who provided at least 3 test curves were
considered acceptable. We considered repeatability to be satis-
factory when the difference between the greatest value and the
second greatest values for FEV, or FVC was <150 mL.

5. Survey

Before the pulmonary function testing, a survey was adminis-
tered to individuals who were available for the pulmonary func-
tion testing. The survey addressed whether the subjects had
been diagnosed with COPD, chronic bronchitis, or emphyse-
ma, and also evaluated the presence of respiratory symptoms
(“Have you coughed almost every day in at least 3 consecutive
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months during the past year?, Have you coughed up sputum
almost every day in at least 3 consecutive months for during
the past year?”).

6. Chest Radiography

The chest radiography results were interpreted by 2 specialists,
1 from the pulmonary medicine department and 1 from the ra-
diology department; their interpretations were then compared.
The interpretation results for this study were subsequently re-
interpreted by 6 reading doctors. The classifications for tuber-
culosis included active tuberculosis (TB), suspected TB, and
inactive TB, based on the chest radiography interpretations.

7. Statistical Analysis Methods

Weighting was applied for the analysis of this study’s data. The
general characteristics of the subjects (both men and women)
were identified using the t-test and  test for each variable. Mean,
variance, number, and percentage were used to report the data,
as appropriate. A multiple logistic regression analysis was per-
formed to identify the independent risk factors for COPD, and

Table 1. Characteristics of the study sample with valid spirometry data (n=8,969)
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the findings were reported as odds ratios (OR) and 95% confi-
dence interval (CI). Stata software ver. 12.1 (Stata Co., College
Station, TX, USA) was used for all analyses.

RESULTS

Among the 8,969 individuals who were included in our analy-
sis, the mean age was 55.7 years (men 54.8 years, women 56.6
years); the men were significantly younger than the women
(P<0.001). The study included 3,867 men and 5,102 women,
although there was no significant sex-related difference regard-
ing region (P=0.24) and income level (P=0.77). The frequency
of non-smokers (54.7%) was higher than that of smokers (45.3%).
The amount of smoking was greatest in men with a longer smok-
ing period, although the amount of smoking was greatest among
women with <10 pack-years (5.7%) (Table 1).

1. Prevalence of Chronic Obstructive Pulmonary Disease
according to the Amount of Smoking and Age
The prevalence of COPD increased every year from 2010 to

Characteristic Men (n=3,867) Women (n=5,102) Total (n=8,969) P-value
Age* () 54.8+10.2 56.5+12.1 55.7+11.2 <0.0011
Age group (y) <0.001*
40-49 1,158 (38.5) 1,369 (34.1) 2,527 (36.2)
50-59 1,147 (31.1) 1,673 (29.1) 2,820 (30.1)
60-69 954 (17.5) 1,260 (17.6) 2,214 (17.6)
>70 608 (13.0) 800 (19.2) 1,408 (16.2)
Education <0.001*
Elementary school 758 (19.5) 2,028 (40.1) 2,786 (30.2)
Middle school 609 (16.0) 795 (14.9) 1,404 (15.4)
High school 1,325 (36.0) 1,539 (31.2) 2,864 (33.5)
College/university 1,175 (28.5) 740 (13.9) 1,915 (20.9)
Region 0.24*
Urban 1,713 (43.0) 2,334 (44.4) 4,047 (43.7)
Rural 2154 (57.0) 2,768 (55.6) 4,922 (56.3)
Income level® 0.77¢
1st quartile 837 (25.6) 1,189 (26.2) 2,026 (25.9)
2nd quartile 974 (26.1) 1,252 (26.2) 2,226 (26.1)
3rd quartile 1,020 (25.5) 1,305 (24.5) 2,325 (25.0)
4th quartile 1,036 (22.9) 1,356 (23.1) 2,392 (23.0)
Smoking status <0.001%
Never 595 (14.2) 4,742 (91.8) 5,337 (54.7)
Former 1,847 (44.0) 159 (3.6) 2,006 (22.9)
Current 1,425 (42.0) 201 (4.6) 1,626 (22.4)
Smoking amount' <0.001*
<10 pack-year 639 (15.8) 243 (5.7) 882 (10.5)
10-19 pack-year 738 (19.3) 69 (1.6) 807 (10.0)
20-29 pack-year 778 (21.4) 23(0.4) 801 (10.4)
>30 pack-year 1,117 (29.4) 25 (0.5) 1,142 (14.3)
Body mass index (kg/m?) <0.001*
Underweight (< 18.5) 39(1.2) 78 (1.6) 117 (1.4)
Normal (18.5-22.9) 1,190 (30.3) 1,840 (35.9) 3,028 (33.2)
Overweight (23-24.9) 1,130 (28.6) 1,348 (25.3) 2,481 (26.9)
Obesity (>25) 1,501 (40.0) 1,845 (37.2) 3,343 (38.5)

Values are presented as number (%), unless otherwise indicated.

*Subjects are greater than 40 years of age, mean + SD. fChi-square test for categorical variables. *By t-test for continuous variables. $Data from the 5th Korea National Health

and Nutritional Examination Survey. "Includes former and current smokers.
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2012 (Figure 1), and the average prevalence of COPD for the
three years was 13.7% (men 23.3%, women 6.5%). The preva-
lence increased with lower educational levels in both men and
women (P for trend <0.001). Smokers had a higher prevalence
of COPD, compared to non-smokers, among both men and wo-
men. The prevalence increased with greater smoking amounts,
as airflow limitation was found in 57.6% of men and 54.4% of
women with >20 pack-years (P for trend <0.001) (Table 2). In
addition, the prevalence of COPD increased with age in both

30
%5 —— Men
-=— Women

20 - Total
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51 .//.

2010 2011 2012
Year

Figure 1. Annual prevalence of airflow obstruction according to year and sex.

Table 2. Prevalence of airway obstruction according to the GOLD criteria®
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men and women (P for trend <0.001), and was especially high
(53.6%) among men who were > 70 years old (Figure 2).

2. Respiratory Symptoms, Smoking, and Detection Rate
according to Chronic Obstructive Pulmonary Disease
Severity

Among the 8,969 individuals, the prevalence of GOLD stage 1

was 6.5%, GOLD stage 2 was 6.6%, GOLD stage 3 was 0.5%, and

GOLD stage 4 was 0.1%. Among the subjects who were diag-

| Men*
= Women*

>70

Figure 2. Stratified prevalence of airflow obstruction according to sex and age.
*P for trend < 0.001.
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Men Women Total population
Characteristic No. of Prevalence Pyl No. of Prevalence poyal No. of Prevalence Pyl
subjects’ (%) vale subjects’ (%) vaue subjects (%) vae
Age (=40) 899 23.3 331 6.5 1,230 137
Education <0.001* <0.001% <0.001%
Elementary school 306 404 216 10.7 522 18.7
Middle school 174 28.6 37 4.7 211 15.0
High school 273 20.6 55 3.6 328 15
College/university 146 124 23 3.1 169 8.8
Region 0.74 0.06 0.29
Urban 403 235 135 5.8 538 13.3
Rural 496 23.1 196 7.1 692 14.1
Income level® 0.04 0.56* 0.1*
1st quartile 202 241 76 6.4 278 137
2nd quartile 244 25.1 91 7.3 334 15.0
3rd quartile 241 23.6 80 6.1 321 13.8
4th quartile 213 20.6 84 6.2 297 12.4
Smoking status 0.00 <0.001 <0.001
Never 87 14.6 285 6.0 372 7.0
Former 476 25.8 18 1.3 494 24.6
Current 336 23.6 28 13.9 364 22.4
Smoking amount" <0.001* 0.01% <0.001*
<10 pack-year 101 15.8 26 10.7 127 144
10-19 pack-year 144 19.5 7 10.1 151 18.7
20—29 pack-year 176 22.6 7 304 183 229
>30 pack-year 391 35.0 6 24.0 397 34.8

GOLD, Global Initiative for Chronic Obstructive Lung Disease.

*GOLD criteria: forced expiratory volume in one second/forced vital capacity ratio <0.7. TNo. of subjects who have airway obstruction in spirometry. *Data from the 5th Korea
National Health and Nutritional Examination Survey. SIncludes former and current smokers. "P-value is for trend.
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Table 3. Stratified prevalence of airflow obstruction and frequencies of risk factors according to the GOLD criteria

) GOLD criteria* Total
Variable
1 (n=583) 2 (n=597) 3(n=44) 4 (n=6) (n=1,230)
Prevalence’ 6.5 6.7 0.5 0.1 137
Cough 33 5.4 28.3 141 515)
Sputum 11.9 14.2 357 141 141
Cough or sputum 121 14.6 39.1 28.3 14.6
Smoking* 75.5 70.2 68.5 61.3 725
Smoking amount*
<20 pack-year 25.3 21.2 171 141 229
>20 pack-year 50.2 48.9 51.4 47.2 49.6
Doctor-diagnosed chronic obstructive pulmonary disease 0.1 2.3 29.8 27.4 2.6

Values are presented as %.

GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV4, forced expiratory volume in one second; FVC, forced vital capacity.
*GOLD 1, FEVi/FVC<0.70 and FEV:>80% of the predicted value; GOLD 2, FEV+/FVC<0.70 and FEV; 50%—80%; GOLD 3, FEV+/FVC<0.70 and FEV: 30%-50%; GOLD 4,
FEV41/FVC < 0.70 and FEV: < 30%. "Prevalence was calculated among 8,969 persons with valid spirometry data. *Includes former and current smokers.

Table 4. Multivariate analysis of the risk factors for chronic obstructive pulmonary

disease
. Adjusted odds ratio N

CraEsiEsie (95% confidence interval) Pl
Sex

Female 1

Male 2.86 (2.04-3.99) <0.001
Age (y)

40-64 1

>65 4.20 (3.44-5.14) <0.001
Region

Urban 1

Rural 0.88 (0.72-1.08) 0.02
Education

Elementary school 1

Middle school 0.72 (0.55-0.95) 0.02

High school 0.54 (0.43-0.69) <0.001

College/university 0.34 (0.25-0.46) <0.001
Income?

1st quartile 1

2nd quartile 1.20 (0.97-1.49) 0.10

3rd quartile 0.98 (0.77-1.26) 0.90

4th quartile 1.07 (0.84-1.36) 0.61
Smoking amount

Never 1

<20 pack-year 1.77 (1.28-2.44) 0.00

>20 pack-year 3.29 (2.40-4.51) <0.001
Asthma

No 1

Yes 4.05 (2.82-5.82) <0.001
Tuberculosis*

No 1

Yes 3.20 (2.50-4.11) <0.001
Body mass index (kg/m?)

Underweight (< 18.5) 1

Normal (18.5-22.9) 0.46 (0.26-0.83) 0.01

Overweight (23-24.9) 0.38 (0.21-0.70) 0.00

Obesity (>25) 0.28 (0.16-0.51) <0.001

*Calculated using multiple logistic regression analysis. ‘Data from the 5th Korea National
Health and Nutritional Examination Survey. *History of tuberculosis is defined using

chest radiography.

nosed with COPD, the prevalence of GOLD stage 1 was 47.4%,
GOLD stage 2 was 48.5%, GOLD stage 3 was 3.6%, and GOLD
stage 4 was 0.5%.
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The incidences of at least 1 symptom of cough or sputum in
Gold stages 1 and 2 were 12.1% and 14.6%, respectively, com-
pared to 39.1% and 28.3% in GOLD stages 3 and 4. In GOLD
stage 1, 75.5% of the individuals had a past or current history of
smoking. The prevalences of COPD diagnosis, including em-
physema and chronic bronchitis, were 0.1%, 2.3%, 29.8%, and
27.4% for GOLD stages 1-4, respectively (Table 3).

3. Risk Factors for Chronic Obstructive Pulmonary Disease
After adjusting for asthma and tuberculosis, the multiple regres-
sion analysis revealed that COPD occurred significantly more
frequently in men (OR, 2.86; CI, 2.04 to 3.99), older individuals
(OR, 4.20; CI, 3.44 to 5.14), and in individuals with high smok-
ing amounts (OR, 3.29; CI, 2.40 to 4.51). However, COPD occurr-
ed significantly less frequently in individuals with a high edu-
cational level (OR, 0.34; CI, 0.25 to 0.46) and a high BMI (OR, 0.28;
CI, 0.16 to 0.51). Region (P=0.22) and income level (P=0.1, 0.9,
0.61) had no significant relationship with the prevalence of COPD
after adjusting for other risk factors (Table 4).

DISCUSSION

In the 5th KNHNES (2010-2012), the prevalence of COPD among
individuals who were >40 years old was 13.7% (men 23.3%, wo-
men 6.5%). The prevalence increased from 12.2% in 2010 to
13.2% in 2011 and 15.5% in 2012.

Smoking and age are widely known as major risk factors for
COPD,” and we found that the prevalences among current smo-
kers (22.4%) and former smokers (24.6%) were higher than the
prevalence among non-smokers (7.0%). In addition, the preva-
lence of COPD was higher in men, even after adjusting for smo-
king status and the amount of smoking (OR, 2.86; CI, 2.04 to
3.99). It has been suggested that the sex-related differences in
prevalence are attributable to the sex-related differences in sen-
sitivity to smoking-related lung damage® and sex-related dif-
ferences in airway anatomy.'” However, a recent study has sug-
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gested that no sex-related differences in prevalence was found
in advanced countries.? Therefore, further studies are needed
to evaluate sex as a risk factor for COPD.

In this study, COPD occurred more frequently in urban areas
(compared to rural areas), although this difference was not sta-
tistically significant (P=0.22); previous similar studies have re-
ported varying results. For example, the prevalence of COPD
was significantly higher in a rural area during a comparative
study of geriatric diseases in rural and urban area of Korea'"
and during the 3rd National Health and Nutrition Examination
Survey in the US.'? The study regarding the prevalence of COPD
using the KNHNES 2001 data suggested that rural areas had a
higher prevalence, although this finding was not statistically
significant.” These discrepancies appear to be due to the fact
that it is difficult to identify risk factors within a region, because
people in rural areas are relatively old and exposed more to che-
micals or pesticides, while people in urban areas are exposed
to more air pollution, such as car fumes and dust.

Few studies have examined the relationship between obesity
and COPD. One study has reported that people with higher BMI
had better pulmonary function.” This finding was attributed
to the fact that emphysema becomes worse in individuals who
are underweight (compared to obese individuals with the same
amount of smoking), as chronic malnutrition can cause em-
physema in the pulmonary parenchyma. However, in the pres-
ent study, we found that obese individuals exhibited a signifi-
cantly lower prevalence of COPD (compared to underweight
individuals), after adjusting for age, sex, smoking, and educa-
tional level (OR, 0.28; CI, 0.16 to 0.51). Therefore, further stud-
ies regarding this relation are needed.

Among 1,230 individuals with COPD, 95.9% were in GOLD
stages 1 and 2, and the percentages of people with symptoms
of cough or sputum for more than 3 months in each stage were
12.1% and 14.6%, respectively. In addition, their smoking rates
were 75.5% and 70.2%, although only 0.1% and 2.3%, respec-
tively, had doctor-diagnosed COPD. Therefore, it is likely that
most individuals who were in GOLD stages 1 and 2 with airflow
limitation were not diagnosed with COPD, despite their high
rates of smoking and respiratory symptoms, which represents
missed opportunities for appropriate treatments. This may be
because awareness of COPD is low, due to the lack of informa-
tion regarding the disease, which precludes appropriate diag-
nosis and treatment. As patients with COPD are predominantly
elderly individuals, they may also recognize the disease as ‘lung
disease, ‘asthma, or ‘tuberculosis, due to the disease’s ambigu-
ity. Therefore, it is likely that the detection rate for COPD is low,
due to the difficulty in differentiating it from other lung diseas-
es, despite the prevalence increasing with age.

The low awareness of COPD is a significant factor in the pro-
gression of the disease. During the mild stage, shortness of breath

14)

occurs while exercising'” and mortality increases,' with acute
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exacerbation and mortality increasing significantly in the later
stages.'” Although there is controversy regarding whether treat-
ment in the mild or moderate stages significantly reduces mor-
tality, it has been reported that treatment can improve pulmo-
nary function and acute exacerbation.'”'® In addition, provid-
ing low-risk COPD patients with education regarding smoking,
immunization, exercise, medication, symptoms, and treatment
resulted in reduced hospitalization due to acute exacerbation.'?
Therefore, it is expected that early detection and education can
improve patients’ quality of life, and reduce the socioeconomic
costs that are associated with COPD.?

We found that 50.2% and 48.9% of individuals with mild and
moderate airflow limitations, respectively, had >20 pack-years.
In addition, individuals with >20 pack-years exhibited a 3-fold
greater prevalence of COPD compared to non-smoking indivi-
duals (OR, 3.20; CI, 2.50 to 4.11), after adjusting for sex and age.
Therefore, men who are >40 years old with heavy smokers, and
have respiratory symptoms should likely undergo pulmonary
function testing to screen for the early detection of COPD.

The strengths of this study include the increased diagnostic
criterion, which may provide a more accurate diagnosis, com-
pared to that in previous studies. This is because the 5th KNH-
NES strengthened the standards for acceptability, by requiring
>3 appropriate pulmonary function tests, compared to the
previous standard of 2 appropriate pulmonary function tests.
In addition, previous studies have not considered a history of
tuberculosis, although this condition can affect the pulmonary
function test results.?”’ Therefore, we adjusted for the effects of
tuberculosis by analyzing chest radiography findings.

The limitations of this study are that it was difficult to differ-
entiate COPD from asthma, because a bronchodilator was not
used for the pulmonary function testing. Therefore, we cannot
exclude the possibility of asthma and COPD overlap syndrome.??
Furthermore, thorough instructions must be provided to indi-
viduals during the testing, as numerous individuals were ex-
cluded from the study due to improper pulmonary function
test results.

In conclusion, the prevalence of COPD in Korea increased from
12.2% in 2010 to 13.2% in 2011 and 15.5% in 2012. In addition, the
prevalence of COPD was significantly higher among men, older
individuals, individuals with a high smoking amount, individuals
with a low educational level, and individuals with a low BMI.
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