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Abstract

Background Asthma is one of the most common chronic

conditions. Knowing the longitudinal trends of prevalence

is important in developing health service planning and in

assessing the impact of the disease. However, there have

been no studies that examined current asthma prevalence

trends in Korea through the analysis of nationwide surveys.

Methods Data were acquired from patients aged 20–59 years

who participated in the First Korean National Health and

Nutritional Examination Surveys (KNHANES), which was

conducted in 1998, and in the second year of the Fourth

KNHANES, which was conducted in 2008. To estimate the

prevalence of asthma with age and gender standardization,

we used data from the Population and Housing Census,

which was conducted by Statistics Korea in 2005.

Results The prevalence of physician-diagnosed asthma

increased from 1998 to 2008 (1998: 0.7 %, 2008: 2.0 %).

The prevalence of asthma medication usage also increased

from 1998 to 2008 (1998: 0.3 %, 2008: 0.7 %); however,

the prevalence of wheezing decreased between 1998 and

2008 (1998: 13.7 %, 2008: 6.3 %). A similar trend was

observed after estimating the prevalence of asthma with

age and gender standardization. Allergic rhinitis might be

the reason for the increased prevalence of physician-diag-

nosed asthma, while the observed decrease in wheezing

may be related to the decrease in smoking or the increase in

the use of asthma medication.

Conclusions The present study showed that the preva-

lence of both self-reported physician-diagnosed asthma and

asthma medication usage increased from 1998 to 2008 in

Korea, despite a possible changing pattern of diagnosing

asthma.
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Introduction

Asthma is one of the most common chronic conditions,

affecting approximately 300 million people worldwide [1],

and it has a negative effect on both individuals and society.

It has been reported that the prevalence of asthma has

increased in many countries over the last few decades [1,

2]. However, recent studies have reported a diminishing

prevalence of asthma, especially in some developed

countries [3–5], although conflicting results have also been

reported [6, 7].

Knowing the longitudinal trends of the prevalence of

asthma is important in health service planning and in

assessing the impact of the disease. Because the observed

changes in the prevalence of asthma may be partially due to

the changing pattern of diagnostic practice [7], it is necessary

to apply a consistent methodology when assessing the

prevalence of asthma. However, an accurate diagnosis of

asthma is challenging because of the absence of a gold

standard diagnostic tool. Although an objective method like

a spirometry or an airway hyperresponsivness test can be

used in diagnosing asthma and for excluding other disea-

ses like chronic obstructive pulmonary disease (COPD), a

questionnaire-based self-report of asthma is the most com-

mon method for defining asthma in epidemiology studies. A

few recent studies have evaluated changes in the prevalence
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of adult asthma in a region over the study period and used

consistent methodologies. Almost all of these studies have

been performed in Europe [8–10], with a few studies con-

ducted in Asian countries [11]. Furthermore, there have been

no nationwide studies in Asia evaluating the prevalence of

asthma.

The Korean National Health and Nutritional Examina-

tion Surveys (KNHANES) was a population-based national

study of a representative sample of Korea and the survey

included data related to asthma. The aim of this study was

to analyze the changes in the prevalence of self-reported

asthma and the pattern of related factors in adults between

1998 and 2008 using the KNHANES data.

Patients and Methods

Study Population

The data used in this study were acquired from the First

Korean National Health and Nutritional Examination Sur-

veys (KNHANES I) in 1998 and from the second year (2008)

of the Fourth Korea National Health and Nutritional Exam-

ination Surveys (KNHANES IV). The subjects included in

this study were aged 20–59 years and answered the ques-

tionnaire included in the Health Examination Survey section.

The data obtained from the questionnaire were analyzed.

Additionally, we used data from the Population and Housing

Census conducted by Statistics Korea in 2005 to estimate the

prevalence of asthma after age and gender standardization.

Although KNHANES IV was based on data from the Pop-

ulation and Housing Census in 2005, KNHANES I was not.

Thus, we corrected the prevalence of asthma between 1998

and 2008 with age and gender standardization using data

from the Population and Housing Census conducted by

Statistics Korea in 2005. We obtained the data about age and

gender distribution from the Population and Housing Census

conducted by Statistics Korea in 2005 and adjusted the data

on age and gender distribution from the KNHANES I and IV

data according to the distribution of age and gender from the

Population and Housing Census conducted by Statistics

Korea in 2005.

KNHANES

KNHANES I was conducted from November 1998 to

December 1998 and KNHANES IV was conducted from July

2007 to December 2009. The KNHANES are nationwide

surveys conducted by the Korean Ministry of Health and

Welfare and the Korean Centers for Disease Control and

Prevention. The surveys are performed in both urban and rural

settings and include the 16 administrative districts. We

divided Korea into 219,771 areas in 1998 and 264,198 areas in

2008. A multistage and stratified probability sampling method

was used in selected survey units. Among these, a final 200

survey areas were randomly selected by geographic area,

place of residence (urban/rural), and residential type (apart-

ment/nonapartment). The sample was weighted to adjust for

oversampling, nonresponders, and post-stratification. The

surveys comprise a Health Behavior Survey, a Health Inter-

view Survey, a Health Examination Survey, and a Nutritional

Survey. Data were obtained by trained interviewers.

Questionnaire for the Asthma Survey

The questionnaire contained questions on physician-diag-

nosed asthma, wheezing, and the use of asthma medication.

We used the following survey questions in this study: ‘‘Have

you ever been diagnosed with asthma by a doctor?’’ ‘‘Have

you had wheezing or whistling in your chest at any time in the

last 12 months?’’ ‘‘Are you currently taking any medicine

(including inhalers, aerosols or tablets) for asthma?’’

Factors Associated with Clinical Characteristics

Demographic information, socioeconomic status, smoking

history, allergic rhinitis, and body mass index (BMI) were

investigated. Additionally, a survey on allergic rhinitis, a

related disease, was conducted. Participants were classified

into five BMI groups according to the World Health

Organization’s criteria for Asia-Pacific populations [12]:

BMI \ 18.5, 18.5 B BMI \ 23.0, 23.0 B BMI \ 25.0,

25.0 B BMI \ 30.0, and BMI C 30.0.

Ethical Approval

The study protocol was approved by the Institutional

Review Board (IRB) of Severance Hospital (IRB number:

4-2011-0207). The need for informed consent was waived

by the IRB as this was a retrospective study.

Statistical Analysis

To adjust for unequal probabilities of selection, all estimates

were calculated based on sampling weights for sample area,

household selection rate, and sample household and response

rate of the subjects. The prevalence of self-reported asthma

was calculated using the SURVEYFREQ procedure, and

other statistical analyses were conducted using SAS ver. 9.2

(SAS Institute Inc., Cary, NC). A v2 test or Fisher’s exact test

was used to analyze categorical variables. Multiple logistic

regression analysis was used to assess the factors related

to asthma. A P value \0.05 was considered statistically

significant.
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Results

Demographics

A total of 7,146 subjects in 1998 and 4,980 subjects in

2008 were included in this study. The mean age was

38.3 ± 10.7 years in 1998 and 40.4 ± 10.5 years in 2008.

The proportion of women was 52.3 % in 1998 and 56.7 %

in 2008. The proportion of current smokers was consider-

ably lower in 2008 (25.7 %) than in 1998 (35.6 %), and

was down in all age groups. In 2008, more subjects had a

higher level of education than in 1998 (college or higher,

1998: 26.4 %; 2008: 42.5 %). The proportion of subjects

who lived in an urban area was higher in 2008 (80.6 %)

than in 1998 (70.2 %). The prevalence of allergic rhinitis

increased in 2008 compared to that in 1998 (1998: 1.7 %,

2008: 13.6 %).The prevalence of obesity rose between

1998 and 2008 (1998: 2.2 %, 2008: 3.6 %) (Table 1).

Prevalence of Asthma

The prevalence of physician-diagnosed asthma increased

from 1998 to 2008 (1998: 0.7 %, 2008: 2.0 %). This trend

was similar in men and women and in all age groups. The

prevalence of physician-diagnosed asthma was highest in

those aged 50–59 years and increased according to age

group in 1998 and 2008. The prevalence of asthma medi-

cation usage also increased from 1998 to 2008 (1998:

0.3 %, 2008: 0.7 %), and a similar pattern was seen in both

men and women. The change in asthma prevalence was

greatest in those aged 50–59 years. The prevalence of

asthma medication usage was greatest in those aged

50–59 years, which was similar to the prevalence of phy-

sician-diagnosed asthma. Meanwhile, the prevalence of

wheezing decreased between 1998 and 2008 (1998: 13.7 %,

2008: 6.3 %). A similar trend was observed after stratifying

by gender and age. Additionally, similar trends were also

observed after stratifying by education, smoking, income,

and the other factors (data not shown). The prevalence of

wheezing was greatest in those aged 50–59 years, followed

by the 20–29-year-old age group (Fig. 1).

In addition, we analyzed the prevalence of physician-

diagnosed asthma, asthma medication usage, and wheezing

with gender and age standardization using data from the

2005 Population and Housing Census. The prevalence of

physician-diagnosed asthma and asthma medication usage

increased (physician-diagnosed asthma, 1998: 0.7 %, 2008:

2.1 %; asthma medication, 1998: 0.3 %, 2008: 0.7 %),

whereas the prevalence of wheezing decreased (1998:

13.6 %, 2008: 6.3 %). These trends were also observed

when study participants were stratified by gender and age.

The prevalence of physician-diagnosed asthma and asthma

medication usage was higher in women than in men, with

the exception of the prevalence of asthma medication usage

in those aged 40–59 years. The prevalence of wheezing

was higher in men than in women among all age groups

(Table 2).

Risk Factor Analysis

The risk factor pattern changed between 1998 and 2008.

For physician-diagnosed asthma, there was no factor rela-

ted with asthma in 1998, while allergic rhinitis and resi-

dence in a rural area were associated factors in 2008.

Current smoking and allergic rhinitis were associated fac-

tors for asthma medication usage in 1998. Allergic rhinitis

and residence in a rural area were also factors related with

current use of asthma medication, which was similar to the

risk factors for physician-diagnosed asthma in 2008.

Female gender, allergic rhinitis, current smoking, and

obesity were common factors related with wheezing in

1998 and in 2008, although female gender and current

smoking had a higher impact on wheezing in 2008 than in

1998. Residence in a rural area and low income were

associated with wheezing only in 2008 (Table 3).

Discussion

In this study we showed that the prevalence of self-reported

physician-diagnosed asthma and asthma medication usage

increased from 1998 to 2008, and that the prevalence of

wheezing decreased over those 10 years. These trends were

similar after stratifying by gender and age and after cor-

recting with gender and age standardization. The risk factors

related to physician-diagnosed asthma, asthma medication

usage, and wheezing changed between 1998 and 2008.

The study population consisted of adults 20–59 years of

age who participated in KNHANES, although persons

younger than 20 or older than 59 years old were invited to

participate in KNHANES. We excluded the people younger

than 20 because we wanted to focus on an adult population,

and the population older than 59 years old were excluded to

minimize the risk of misclassification of COPD as asthma.

The prevalence of physician-diagnosed asthma was rel-

atively low compared to findings in other studies [11, 13].

These previous results found that the prevalence of physi-

cian-diagnosed asthma was 3.9 % in 2006 in Japan and

ranged from 6.05 % (Italy) to 20.09 % (Sweden) in western

Europe in 2002–2003. The data based on NHANES III

showed that the prevalence of physician-diagnosed asthma

was 4.5 % and the prevalence of wheezing was 16.4 %.

Additionally, we analyzed the prevalence of physician-

diagnosed asthma and the prevalence of wheezing based on

NHANES III data with age standardization using data from

the Population and Housing Census of Korea in 2005. The
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Table 1 Demographic characteristics of study population, 1998 and 2008

Age (years) Gender Total

20–29 30–39 40–49 50–59 Men Women

1998 1,791 (25.1) 2,213 (31.0) 1,804 (25.2) 1,338 (18.7) 3,411 (47.7) 3,735 (52.3) 7,146

Smoking

Current 633 (35.3) 841 (38.0) 640 (35.5) 428 (32.0) 2,362 (69.3) 180 (4.8) 2,542 (35.6)

Ex 86 (4.8) 139 (6.3) 161 (8.9) 129 (9.6) 458 (13.4) 57 (1.5) 515 (7.2)

Nonsmokers 1,072 (59.9) 1,233 (55.7) 1,003 (55.6) 781 (58.4) 591 (17.3) 3,498 (93.7) 4,089 (57.2)

Education

Middle school or lower 72 (4.0) 403 (18.2) 861 (47.7) 971 (72.6) 855 (25.1) 1,452 (33.9) 2,307 (32.3)

High school or junior college 886 (49.5) 1,105 (49.9) 679 (37.6) 286 (21.4) 1,467 (43.0) 1,489 (39.9) 2,956 (41.4)

College or higher 833 (46.5) 705 (31.9) 264 (14.6) 81 (6.1) 1,089 (31.9) 794 (21.3) 1,883 (26.4)

Place of residence

Rural 448 (25.0) 582 (26.3) 559 (31.0) 541 (40.4) 1,015 (29.8) 1,115 (29.9) 2,130 (29.8)

Urban 1,343 (75.0) 1,631 (73.7) 1,245 (69.0) 797 (59.6) 2,396 (70.2) 2,620 (70.2) 5,016 (70.2)

Household income

1st quartile 270 (15.1) 237 (10.7) 268 (14.9) 327 (24.4) 529 (15.5) 573 (15.3) 1,102 (15.4)

2nd quartile 382 (21.3) 507 (22.9) 419 (23.2) 336 (25.1) 764 (22.4) 880 (23.6) 1,644 (23.0)

3rd quartile 593 (33.1) 722 (32.6) 586 (32.5) 343 (25.6) 1,080 (31.7) 1,164 (31.2) 2,244 (31.4)

4th quartile 546 (30.5) 747 (32.6) 531 (29.4) 332 (24.8) 1,038 (30.4) 1,118 (29.9) 2,156 (30.2)

BMI (kg/m2)

\18.5 488 (27.3) 355 (16.0) 256 (14.2) 142 (10.6) 689 (20.2) 552 (14.8) 1,241 (17.4)

18.5–23.4 839 (46.9) 922 (41.7) 606 (33.6) 453 (33.9) 1,221 (35.8) 1,599 (42.8) 2,820 (39.5)

23.5–24.9 227 (12.7) 457 (20.7) 422 (23.4) 316 (23.6) 726 (21.3) 696 (18.6) 1,422 (19.9)

25.0–29.9 202 (11.3) 434 (19.6) 475 (26.3) 394 (29.5) 716 (21.0) 789 (21.1) 1,505 (21.1)

C30.0 35 (1.9) 45 (2.0) 45 (2.5) 33 (2.5) 59 (1.7) 99 (2.7) 158 (2.2)

Allergic rhinitis 34 (1.9) 42 (1.9) 32 (1.8) 10 (0.8) 47 (1.4) 71 (1.9) 118 (1.7)

2008 887 (17.8) 1,508 (30.3) 1,396 (28.0) 1,189 (23.9) 2,154 (43.3) 2,826 (56.7) 4,980a

Smoking

Current 245 (29.7) 399 (28.3) 334 (25.3) 224 (19.8) 1,018 (51.2) 184 (6.8) 1,202 (25.7)

Ex 104 (12.6) 228 (16.2) 222 (16.8) 233 (20.6) 629 (31.6) 158 (5.9) 787 (16.8)

Nonsmokers 475 (57.7) 781 (55.5) 765 (57.9) 675 (59.6) 343 (17.2) 2,353 (87.3) 2,696 (57.6)

Education

Middle school or lower 13 (1.6) 47 (3.3) 272 (20.6) 675 (59.7) 335 (16.9) 672 (24.9) 1,007 (21.5)

High school or junior college 172 (20.9) 600 (42.6) 609 (46.1) 305 (27.0) 676 (34.0) 1,010 (37.5) 1,686 (36.0)

College or higher 638 (77.5) 760 (54.0) 441 (33.4) 151 (13.4) 976 (49.1) 1,014 (37.6) 1,990 (42.5)

Place of residence

Rural 112 (12.6) 186 (12.3) 308 (22.1) 358 (30.1) 423 (19.6) 541 (19.1) 964 (19.4)

Urban 775 (87.4) 1,322 (87.7) 1,088 (77.9) 831 (69.9) 1,731 (80.4) 2,285 (80.9) 4,016 (80.6)

Household income

1st quartile 109 (12.7) 95 (6.4) 110 (8.1) 172 (14.9) 207 (9.9) 279 (10.1) 486 (10.0)

2nd quartile 268 (31.2) 340 (23.0) 303 (22.3) 336 (14.9) 501 (23.9) 746 (27.1) 1,247 (25.7)

3rd quartile 216 (25.1) 526 (35.6) 467 (34.4) 315 (27.3) 672 (32.1) 852 (30.9) 1,524 (31.4)

4th quartile 266 (31.0) 517 (35.0) 479 (35.3) 329 (28.6) 714 (34.1) 877 (31.8) 1,591 (32.8)

BMI (kg/m2)

\18.5 153 (17.3) 192 (12.7) 121 (8.7) 74 (6.2) 229 (10.6) 311 (11.0) 540 (10.9)

18.5–23.4 412 (46.5) 642 (42.6) 501 (35.9) 373 (31.4) 649 (30.1) 1,279 (45.3) 1,928 (38.7)

23.5–24.9 146 (16.5) 297 (19.7) 346 (24.8) 313 (26.3) 529 (24.6) 573 (20.3) 1,102 (22.1)

25.0–29.9 140 (15.8) 320 (21.2) 383 (27.4) 386 (32.5) 667 (31.0) 562 (19.9) 1,229 (24.7)

C30.0 36 (4.1) 57 (3.7) 45 (3.2) 43 (3.6) 80 (3.7) 101 (3.5) 181 (3.6)

Allergic rhinitis 140 (17.0) 257 (18.2) 153 (11.6) 87 (7.7) 46 (13.8) 94 (19.1) 637 (13.6)

Data are presented as n (%)

The P values for comparisons between surveys in 1998 and 2008 were \0.05 in all characteristics

BMI body mass index
a n may not add up to 4,980 for some variables due to missing values
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results were as follows: the prevalence of physician-diag-

nosed asthma was 4.6 % and the prevalence of wheezing was

17.3 %. It has been suggested that the prevalence of asthma

could vary according to region, country, and national income

[1, 14–16]. Nevertheless, the prevalence of physician-diag-

nosed asthma found in our study was lower than of other

developing Asian countries (Korea from our study: 1998:

0.69 %, 2008: 2.05 %; Sri Lanka: 2002–2003: 2.60 %;

India: 2002–2003: 3.16 %; Philippines: 2002–2003: 7.21 %).

One previous Korean study using both questionnaire and

bronchial challenge reported that the prevalence of asthma

was 3.4 % in 1999 [17]. This suggests that the low prevalence

of physician-diagnosed asthma in the present study might be

related to underdiagnosis of asthma.

The finding that the prevalence of physician-diagnosed

asthma and asthma medication usage increased and that the

prevalence of wheezing decreased is partially consistent

with previous studies. Some studies have reported no
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Fig. 1 Prevalence of asthma according to gender and age group. a Prevalence of physician-diagnosed asthma. b Prevalence of asthma

medication usage. c Prevalence of wheezing
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increase in the incidence of asthma [18–20], while other

studies have reported an increase in asthma during the

1990s, with a possible decrease starting in 2000 [5, 6, 21].

These different results may be due to the use of different

age groups and different cohorts in one study in evaluating

the trends. Meanwhile, an increase in the prevalence of

physician-diagnosed asthma and a decrease in the preva-

lence of respiratory symptoms have also been reported in

other studies [8–10, 22], and those studies were conducted

using a consistent cohort during the study period, and

similar age groups were examined in each study. There-

fore, the results of increased prevalence of asthma and

decreased prevalence of respiratory symptoms were rela-

tively reliable. Thus, our results were also reliable con-

sidering that our study was performed using the same

region during the study period and similar age groups as in

previous studies.

The increase in the prevalence of physician-diagnosed

asthma and asthma medication usage may have occurred

because the proportion of older participants was higher in

our study (aging effects) or because the diagnosis and

management of asthma increased in the community during

the 10-year period (period effects). Aging effects can be

excluded as the results were the same after estimating with

gender and age standardization. However, period effects

cannot be ruled out because accessibility to health care and

asthma awareness in the general public have increased,

when considering the increased proportion of urban resi-

dents and the increase in education level between 1998 and

2008. Since 1980, physicians have been encouraged to

diagnose patients with wheezing as having asthma and to

manage it [23]. Some repeated cross-sectional studies

showed that the increase of reported asthma was faster than

the increase in reported symptoms [24–26]. Additional

analysis of the rate of use of health care facilities and the

trend of diagnosing asthma in the same situations is needed.

The decrease in wheezing may be related to changes in

smoking habits. Current smoking was correlated with

wheezing in our results, and the proportion of current

smokers decreased during the study period, although cur-

rent smoking showed a greater impact on wheezing in 2008

than in 1998. Previous studies have reported conflicting

results in this area. One study in Sweden reported that

bronchitic symptoms decreased in parallel with the

decrease in current smokers, while shortness of breath and

wheezing did not change [9]. In another Swedish study, the

prevalence of wheezing decreased along with a decrease in

smoking. Better medication could result in decreased

severity of asthma, which could be the reason for the

decrease in wheezing. This hypothesis was also suggested

by Anderson et al. [5], who reported on the prevalence of

asthma in the UK.

Allergic rhinitis showed an impact on physician-diag-

nosed asthma, current asthma medication usage, and

wheezing, and its prevalence increased over 10 years. An

increase in allergic rhinitis could be the reason for the

increase in physician-diagnosed asthma and current asthma

medication usage, although rhinitis can be considered a

comorbidity of asthma [27, 28]. Future research on the

prevalence of allergic sensitization is necessary.

An analysis of the risk factors for asthma showed that

rural residence was a risk factor for physician-diagnosed

asthma, asthma medication usage, and wheezing only in

2008. Previous data on the relationship between area of

residence and asthma are inconsistent. The prevalence of

wheezing and asthma are not different across regions in the

US [16]. However, these data did not classify the partici-

pants according to rural and urban areas. A recent study in

Turkey showed that the prevalence of asthma in rural areas

was higher than in urban areas, which may be due to

increased exposure to biomass smoke and a higher preva-

lence of childhood respiratory infections [29]. In contrast,

there are reports that the farming environment or microbes

has a protective effect against allergic disease, a so-called

‘‘hygiene hypothesis’’ [30–35]. The farming environment or

microbes might have protected against atopic manifestation

in 1998, but might not be protective in urban and rural areas

because of changes of environment. However, we could not

come to a conclusion about the correlation of rural resi-

dence and asthma in 2008 because the environmental factor

or the frequency of respiratory infection was not surveyed.

Some reports have shown that obesity is associated with

asthma [16, 36]. In our data obesity was associated with

Table 2 Estimated prevalence of asthma with gender and age stan-

dardization using the data from the Population and Housing Census in

2005

Question related to

asthma

Men Women Total

1998 2008 1998 2008 1998 2008

Physician-diagnosed asthma

Total 0.6 1.8 0.8 2.3 0.7 2.1

Age \40 0.3 1.5 0.7 1.8 0.5 1.6

Age C40 0.9 2.1 1.0 2.9 0.9 2.5

Wheeze within last 12 months

Total 15.2 7.1 12.0 5.5 13.6 6.3

Age \40 13.6 6.8 11.5 4.7 12.6 5.8

Age C40 17.0 7.4 12.7 6.5 14.9 7.0

Current asthma medication

Total 0.3 0.8 0.4 0.7 0.3 0.7

Age \40 0.1 0.4 0.3 0.3 0.2 0.4

Age C40 0.6 1.2 0.4 1.1 0.5 1.1

Data are presented as %
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wheezing but not with physician-diagnosed asthma or

asthma medication usage. This might suggest that there is a

relationship between obesity and severe asthma, although

the proportion of obese study participants was small.

Because obesity is an important health problem and severe

asthma is also an important disease status, a more detailed

evaluation of the association between obesity and asthma is

warranted.

This study has several strengths and limitations. The

strengths are that data in our study were obtained from a

nationwide study based on a representative sample popu-

lation in the same area during study periods in which

identical questions were used. In addition, we overcame the

aging effect by correcting with gender and age standardi-

zation using data from the Census. On the other hand, the

use of a self-reported questionnaire is a limitation of this

study. Without any objective measure, such as a pulmonary

function test or an airway hyperresponsivness test, COPD

could be misclassified as asthma, although we excluded

those older than 59 years old to minimize the proportion of

COPD. In addition, we did not survey for other risk factors

for asthma, including exposure to biomass smoke, pet

ownership, air pollution, and workplace exposure.

In conclusion, the present study showed that the prev-

alence of self-reported physician-diagnosed asthma and

asthma medication usage increased between 1998 and 2008

in Korea despite the possible bias from a changed trend in

diagnosing asthma. The prevalence of wheezing decreased

during the study period, and this decrease could be related

to the decrease in smoking or the increase in asthma

medication usage. These observed results may provide a

better understanding of the epidemiology of asthma in

Korea.

Conflict of interest The authors have no conflicts of interest to

disclose.

Table 3 Association between variable and asthma by survey year

Physician-diagnosed asthma Current asthma medication Wheeze within last 12 months

1998 2008 1998 2008 1998 2008

Female gender 1.62 (0.74–3.53) 1.54 (0.69–3.46) 2.58 (0.99–6.69) 0.71 (0.18–2.78) 1.46a (1.15–1.85) 1.78a (1.24–2.54)

Age (vs. 20–29 years)

30–39 1.11 (0.45–2.76) 0.82 (0.41–1.65) 1.09 (0.26–4.51) 0.51 (0.12–2.22) 0.65a (0.53–0.79) 0.91 (0.61–1.35)

40–49 1.13 (0.39–3.24) 0.96 (0.47–1.96) 1.54 (0.38–6.29) 1.24 (0.36–4.27) 0.83 (0.67–1.03) 0.94 (0.61–1.44)

50–59 1.80 (0.67–4.85) 1.57 (0.66–3.75) 1.85 (0.47–7.29) 2.41 (0.55–10.65) 0.92 (0.73–1.16) 1.38 (0.86–2.23)

Education (vs. college or higher)

Middle school or

lower

1.90 (0.74–4.91) 1.59 (0.72–3.51) 3.54 (0.68–18.50) 1.65 (0.44–6.24) 1.25 (0.99–1.58) 1.42 (0.93–2.17)

High school or

junior college

0.85 (0.34–2.11) 0.92 (0.52–1.61) 1.69 (0.33–8.56) 1.29 (0.47–3.51) 1.08 (0.90–1.30) 1.16 (0.85–1.60)

Allergic rhinitis 1.54 (0.21–11.48) 2.16a (1.32–3.55) 3.53a (0.45–27.68) 2.99a (1.39–6.45) 2.27a (1.45–3.57) 1.83a (1.33–2.52)

Smoking (vs. nonsmokers)

Current smokers 1.52 (0.65–3.52) 1.12 (0.48–2.62) 3.00a (1.07–8.39) 0.65 (0.16–2.58) 2.56a (2.02–3.25) 4.65a (3.24–6.67)

Ex-smokers 0.79 (0.18–3.47) 1.21 (0.53–2.74) 2.89 (0.67–12.41) 0.82 (0.19–3.52) 1.74a (1.25–2.43) 1.36 (0.85–2.19)

Place of residence (vs. urban)

Rural 1.25(0.74–2.11) 1.60a (1.02–2.51) 1.05 (0.52–2.16) 2.12a (1.04–4.35) 0.94 (0.81–1.10) 1.43a (1.06–1.92)

Income (vs. 1st quartile)

2nd quartile 1.11 (0.49–2.50) 1.22 (0.58–2.57) 0.69 (0.24–2.00) 0.87 (0.28–2.64) 1.06 (0.85–1.31) 0.67a (0.45–0.99)

3rd quartile 1.31 (0.62–2.77) 1.63 (0.79–3.35) 0.87 (0.35–2.17) 1.26 (0.45–3.53) 0.94 (0.76–1.16) 0.63 (0.43–0.94)

4th quartile 0.63 (0.26–1.52) 1.24 (0.57–2.69) 0.37 (0.10–1.37) 0.90 (0.29–2.78) 0.86 (0.68–1.06) 0.76 (0.51–1.14)

BMI (kg/m2) (vs. BMI \ 18.5)

18.5–23.4 0.80 (0.36–1.77) 0.78 (0.30–2.02) 2.29 (0.48–10.97) 1.34 (0.18–9.93) 0.88 (0.71–1.08) 0.95 (0.51–1.78)

23.5–24.9 0.62 (0.23–1.66) 1.07 (0.40–2.81) 1.37 (0.247.95) 1.15 (0.14–9.20 0.99 (0.78–1.25) 1.26 (0.66–2.41)

25.0–29.9 0.93 (0.40–2.18) 1.11 (0.42–2.95) 1.81 (0.32–10.31) 1.48 (0.19–11.48) 1.57a (1.26–1.95) 1.40 (0.74–2.65)

C30.0 0.60 (0.08–4.66) 1.17 (0.32–4.22) 2.64 (0.24–29.28) 1.88 (0.16–22.26) 2.51a (1.69–3.74) 2.19a (1.04–4.63)

Values are given in odds ratio (95 % CI)

CI confidence interval, BMI body mass index
a OR and CI show statistically significant associations
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