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ABSTRACT This study was performed to investigate the relationship between dietary factors and asthma in a representative
population-based sample of 19,659 men and women, aged 19-64 years, using data from the fourth and fifth Korean National
Health and Nutrition Examination Survey (KNHANES), 2007-2011. The presence of asthma was based on self-reported
physician diagnosis of asthma in the Health Interview Surveys. Food intake was estimated by trained interviewers using a 24-h
recall method. The prevalence of asthma in Korean adults was 2.4%. Adults with asthma consumed fewer amounts of kimchi
(P=.0444) and fish (P=.0175) but had a higher cereal intake than those without asthma (P =.0056). Multiple logistic
regression analysis after controlling for confounding factors showed a significant inverse relationship between kimchi con-
sumption and the prevalence of asthma [odds ratio (95% confidence interval) for subjects consuming 1 to <2 servings (40—
79.9¢), 2 to <3 servings (80-119.9 g), and >3 servings (=120g), relative to those consuming <1 serving (<40g): 0.726
(0.534-0.987), 0.506 (0.348-0.736), and 0.678 (0.502-0.916), respectively; P for trend=0.0131]. These results warrant future
studies to explore the mechanisms responsible for the association between kimchi consumption and asthma.
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INTRODUCTION

STHMA IS ONE OF THE most common chronic respiratory

diseases, and the prevalence of asthma in adults ranges
from 1.8% in Vietnam to 32.8% in Australia." In most
countries, the prevalence of asthma has been increasing in
the past few decades.>* In Korea, the prevalence of physi-
cian-diagnosed asthma increased from 1998 to 2008 (1998:
0.7%, 2008: 2.0%),* although the reason for increasing
prevalence of asthma diagnosis is unclear. Because of its
increasing prevalence among adults and children, the burden
of this disease is internationally recognized as a serious
public health problem.

It is widely believed that a modern lifestyle through in-
dustrialization, such as increasing air pollution, changed
indoor environments, enhanced hygiene, and reduced bur-
den of infections during early life, and increasing obesity
have contributed to the risk of developing asthma. A number
of lifestyle aspects have changed over the past decades, and
their relationship to asthma has been investigated.® Diet is
another aspect that has changed, and a number of studies
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have suggested that increased risk of asthma is associated
with dietary factors, such as low consumption of fermented
food, fruits and vegetables, fish, butter and dairy fat, n-3
fatty acids, vitamins C and E, f-carotene, selenium, and
magnesium, and a high consumption of margarine, n-6 fatty
acids, and sodium.®'* However, evidence for the role of diet
in the prevalence of asthma among adults remains scarce
and conflicting.'*!3

Kimchi, a Korean fermented vegetable side dish that most
Koreans consume every day, is rich in various biological
compounds, such as dietary fiber, vitamin C, f-carotene,
minerals, and other health promoting phytochemicals as
well as lactic acid bacteria.'® It has been documented in
in vitro and in vivo studies using animal models that various
strains of lactic acid bacteria, which are derived from kimchi
ingredients and/or the fermentation process, have a function
as an immune modulator for diverse allergic diseases,'’~!°
including asthma.?*>?> In humans, lactic acid bacteria is
beneficial in the treatment of pediatric atopic dermatitis®* as
well as prevents the occurrence of atopic disease.*?

Although diet is important and kimchi with probiotics
may play a role in asthma, the relationship between kimchi
consumption and asthma has never been studied in a Korean
population other than one study in elementary school-
children reporting that intake of fresh seafood, fresh fruits
and vegetables including kimchi may help protect against
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the development of asthma symptoms.?® No adult popula-
tion study has investigated the association between kimchi
or other fermented food consumption and asthma in Korea.

Therefore, the purpose of this study was to identify the
association between dietary factors and asthma in Korean
adults, using the Korean National Health and Nutrition
Examination Survey (KNHANES) data.

SUBJECTS AND METHODS
Study population

This study was based on cross-sectional data obtained
from the first to third years (2007-2009) of the KNHANES
IV (2007-2009) and the first to second years (2010-2011) of
KNHANES V (2010-2012). These surveys have been con-
ducted periodically since 1998 by the Korean Ministry of
Health and Welfare to assess the health and nutritional status
of the Korean population using a rolling sampling design
involving a complex, stratified, multistage, probability-
cluster survey of a representative sample of the noninstitu-
tionalized civilian population. The survey consists of a
health interview survey, a health examination survey, and a
nutrition survey. These surveys were completed by 4594
participants (71.2% of the total target population of 6455),
9744 participants (77.8% of the total target population of
12,528), 10,533 participants (82.8% of the total target
population of 12,722), 8958 participants (81.9% of the total
target population of 10,938), and 8518 participants (80.4%
of the total target population of 10,589) in 2007-2011, re-
spectively. Among 42,347 eligible subjects who participated
in the survey, those who were aged 19-64 years were in-
cluded in data analyses. We excluded subjects (n=381) with
chronic obstructive pulmonary disease (COPD), which can
affect the prevalence of asthma. The remaining 19,659
subjects (7787 men and 11,872 women) were included in the
final analyses. This study was approved by the Institutional
Review Board of the Korea Centers for Disease Control and
Prevention (2007-02-CON-04-P, 2008-04EXP-01-C, 2009-
01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C),
and written consent was obtained from all participants.

General characteristics and anthropometrics

The health interview and health behavior surveys in-
cluded well-established questions to determine the demo-
graphic and socioeconomic characteristics of the subjects.
These surveys included questions on age, residence, family
income, education level, occupation, marital status, smoking
habit, alcohol consumption, exercise, previous and current
diseases, and family disease history. Height was measured
within 0.1 cm, and weight was measured with a metric
weight scale to the nearest 0.01 kg in light clothing without
shoes. Body mass index (BMI) was calculated as weight
(kg)/height (m?). Education level was categorized as less
than high school, high school, or college and more. Re-
sidential area was categorized as urban (administrative di-
vision of a city) or rural (not classified as an administrative
division of a city). Smoking status was divided into three

categories: current smoker, ex-smoker, or nonsmoker.
Subjects were questioned about the frequency at which they
exercised per week when they exercised with an intensity
that left them with slight difficulty breathing and sweating.
Exercise status was divided into three categories: <1 day/
week, 1-3 days/week, and 4-7 days/week.

Definition of asthma

Asthma was defined as self-reported physician diagnosis
of asthma in the health interview surveys. The following
survey question was used in this study: ‘“Have you ever been
diagnosed with asthma by a doctor?’”’ Information about the
forced expiratory volume in one second (FEV1)/forced vital
capacity (FVC) ratio in the health examination surveys was
used to represent pulmonary function, and subjects were
classified on the basis of 70% of FEV1/FVC ratio.?’

Dietary assessment

Trained dietitians interviewed each subject to collect di-
etary data through a 24-h dietary recall. Kimchi in the
vegetable group, which is one of the common food groups
based on Korean nutrient database, was separated into a
single food group, as it is traditionally served as a single side
dish in the Korean diet.”®

Kimchi consumption was categorized as follows: <1
serving (<40g), 1 to <2 servings (40-79.9¢g), 2 to <3
servings (80-119.9g), and >3 servings (=120g). Con-
sumption of cereal was classified into four categories of <1
serving (<90¢g), 1 to <2 servings (90-179.9¢), 2 to <3
servings (180-269.9 g), and =3 servings (=270g), while
fish/shellfish consumption was categorized as <1 serving
(<50g), 1 to <2 servings (50-99.9¢g), and =2 servings
(=100 g). Serving sizes of representative food items in each
food group were defined according to the Dietary Reference
Intakes for Koreans.?”

Statistical analysis

All statistical analyses were performed using SAS soft-
ware version 9.3 (SAS Institute, Cary, NC, USA). Due to the
complex sampling design of the KNHANES study, the rel-
evant primary sampling units, stratification, and sample
weights were considered in our analysis. The prevalence of
self-reported asthma was calculated using the SURVEY-
FREQ procedure, and differences in means and the distri-
bution of general characteristics and anthropometrics
between the group without asthma and the group with
asthma were performed using Student’s 7-test and chi-square
test. The difference in food and nutrient intake according to
the presence of asthma was tested by the generalized linear
model procedure. Multivariate logistic regression was per-
formed to estimate the odds ratios (ORs) and 95% confi-
dence intervals (CIs) for asthma or FEV1/FVC ratio of <0.7
across kimchi, cereal, and fish/shellfish intake levels, con-
sidering the subjects’ consumption <1 serving (<40g), <1
serving (<90g), and <1 serving (<50 g) as the reference
group, respectively. Model 1 was adjusted for age
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(continuous), BMI (continuous), education level (less than
high school, high school, college and more), and log-
transformed energy intake (continuous). Model 2 was ad-
justed for sex (male, female), residential area (urban, rural),
smoking status (current smoker, ex-smoker, nonsmoker),
and exercise (1 day/week, 1-3 days/week, 4-7 days/week)
in addition to the adjustments made in Model 1. All reported
probability tests were two-sided, and differences were
considered significant at the 5% level.

RESULTS

General characteristics according to the presence
of asthma

The prevalence of asthma in Korean adults, aged 19-64
years, was 2.4% (data not shown). Among the 19,659 sub-
jects, 484 (2.5%) had asthma; no sex difference was ob-
served between subjects with and without asthma (men,
48.8%; women, 51.2%). Subjects with asthma had a higher
BMI than subjects without asthma, and the proportion of
subjects with asthma was lower in those with a higher ed-
ucation level. Except for BMI and education level, general
information on demographic and socioeconomic factors as
well as health-related behavior did not differ significantly
between subjects with and without asthma (Table 1).

TABLE 1. DEMOGRAPHIC FEATURES ACCORDING TO THE
PRESENCE OF ASTHMA IN KOREAN ADULTS AGED 19-64 YEARS

Asthma
Without With
(n=19,175) (n=484) P value

Age (years) 40.4£0.1 39.9+£0.8 4770

BMI? (kg/m?) 23.6%0.1 242+0.2 .0031

Sex
Male 7615 (50.8) 172 (48.8) 4984
Female 11,560 (49.2) 312 (51.2)

Education® .0017
Less than high school 5033 (21.2) 180 (27.8)

High school 7714 (43.8) 179 (45.2)
College and more 6376 (35.1) 123 (27.0)

Residential area .0515

Urban 15,276 (82.6) 386 (86.2)
Rural 3899 (17.4) 98 (13.8)

Smoking status® 2494
Current smoker 4185 (28.2) 90 (23.8)
Ex-smoker 3281 (19.1) 88 (19.5)
Nonsmoker 11,710 (52.7) 305 (56.8)

Exercise® .5366
<1 day/week 12,430 (61.9) 304 (59.6)

1-3 days/week 4737 (27.3) 120 (27.5)
4-7 days/week 1964 (10.8) 58 (12.8)

Values are weighted mean + standard error or n (%); N=19,659.

“Data availability was limited in the following categories: BMI
[without asthma (n=19,088); with asthma (n=483)], education [without
asthma (n=19,123); with asthma (n=482)], smoking status [without
asthma (n=19,149); with asthma (n=483)], and exercise [without asthma
(n=19,131); with asthma (n=482)].

BMI, body mass index.

Dietary food and nutrient consumption according
to the presence of asthma

Adults with asthma consumed less kimchi (P =.0273) and
fish/shellfish (P=.0164) than those without asthma after
adjusting for age, BMI, education level, and energy intake
(Model 1). In contrast, we found that subjects with asthma
consumed larger amounts of cereal than those without
asthma (P =.0052). These results coincided with Model 2
(adjustment for sex, residential area, smoking status, and
exercise in addition to the adjustments made in Model 1;
Table 2).

No significant difference was observed in nutrient intake
between subjects with and without asthma (data not shown).
However, subjects with asthma tended to consume fewer
nutrients contained in kimchi, such as fiber, sodium, po-
tassium, f-carotene, vitamin B, vitamin B,, and vitamin C
in Model 1. Furthermore, when we determined the associ-
ation between intake of nutrients contained in kimchi and
asthma, nutrient intake was inversely associated with the
risk of asthma after adjusting for potential confounders (data
not shown).

Relationship between kimchi consumption and asthma

The multiple logistic regression analysis after controlling
for confounding factors showed a significant inverse rela-
tionship between kimchi consumption and the prevalence of
asthma [OR (95% CI) for subjects consuming 1 to <2
servings (40-79.9 g), 2 to <3 servings (80-119.9 g), and >3
servings (=120 g), relative to those consuming <1 serving
(<40¢g): 0.726 (0.534-0.987), 0.506 (0.348-0.736), and
0.678 (0.502-0.916), respectively; P for trend=0.0131;
Table 3]. However, when we estimated the ORs and 95%
ClIs for asthma across cereal and fish/shellfish intake levels
using the subjects consuming <1 serving (<90g) and <1
serving (<50 g) as reference groups, cereal and fish/shellfish
intake was not significantly related with the risk of asthma.
Furthermore, these results coincided with those for Model 2
(data not shown).

DISCUSSION

We found a significant inverse association between
kimchi consumption and the asthma. We believe that this is
the first study showing an inverse relationship between
kimchi consumption and asthma in adults.

Kimchi has been spotlighted for its health-promoting
functions, including antioxidative activity,*® anti-aging ef-
fects,’! antimutagenic and anticancer activities,*> antimi-
crobial activity,® immune stimulatory activity,** weight
reduction and lipid lowering effects,? and anti-atherogenic
activity.*®3” The health-promoting properties of kimchi may
be derived from nutrients and functional components pres-
ent in kimchi, such as vitamins, minerals, fibers, and phy-
tochemicals from the biological compounds present either in
kimchi ingredients, such as garlic, ginger, red pepper pow-
der, the fermentation products, and the lactic acid bacteria
involved, or a combination of these.® It is now understood
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TABLE 2. DAILY FOOD INTAKE ACCORDING TO THE PRESENCE OF ASTHMA IN KOREAN ADULTS AGED 19-64 YEARS

Asthma
P value®
Without With
(n=19,175) (n=484) Model 1 Model 2

Cereals (g) 308.47+£1.58 330.63+£9.71 .0052 .0056
Potatoes (g) 39.31+1.08 42.41+5.73 .3087 .3823
Kimchi (g) 128.82+1.34 111.18+6.44 .0273 .0444
Vegetables (g) 337.39+2.51 324.83+12.59 7657 7819
Vegetables/fruits (g) 523.68£4.67 530.81£23.93 .1761 2897
Vegetables without kimchi (g) 208.57+2.10 213.65+10.59 .6367 7468
Vegetables/fruits without kimchi (g) 394.86+4.45 419.63+£21.82 .0393 .1166
Jang (g) 25.04+0.27 23.76+1.65 7268 .8144
Beans (g) 40.51+£0.72 40.76£5.09 .2863 .2509
Nuts (g) 3.27£0.11 3.19£0.58 3017 3814
Beans/nuts (g) 43.78+£0.74 44.00+5.11 9780 8913
Total plant food (g) 1218.71£8.28 1212.95+£37.98 7669 71922
Milk and milk products (g) 82.18+1.72 88.45+9.45 .9060 7751

Milk without yogurt and cheese (g) 69.34+1.56 71.56+8.50 2057 3074

Yogurt and cheese (g) 12.84+0.47 16.88+3.47 .6179 .5550
Meat (g) 100.73£1.62 103.55+£9.24 5510 5782
Fish and shellfish (g) 63.441+1.00 52.70+5.62 .0164 .0175
Eggs (2) 25.86+0.44 26.71+2.49 3341 .3028
Total animal food (g) 272.47+2.74 272.14+14.07 7083 .5069

Values are weighted mean =+ standard error; N=19,659.

“*Model 1: adjusted for age, BMI, education level, and energy intake (In). Model 2: adjusted for Model 1 plus sex, residential area, smoking status, and exercise.
Log-transformed data are available for cereal (n=19,577), potatoes (n==8665), kimchi (n=18,178), vegetables (n=19,524), vegetables/fruits (n=19,556),
vegetables without kimchi (n=19,256), vegetables/fruits without kimchi (n=19,400), jang (n=18,197), beans (n=12,898), nuts (n=14,198), beans/nuts
(n=17,276), total plant food (n=19,605), milk (n=6757), milk without yogurt and cheese (n=5264), yogurt and cheese (n=2477), meat (n=13,960), fish and

shellfish (n=16,801), eggs (n=10,191) and total animal food (n=19,116).

that various strains of lactic acid bacteria, which are derived
from kimchi ingredients and/or the fermentation process, are
primarily responsible for imparting the health benefits, and a
variety of lactic acid bacteria strains benefit a number of
host physiological responses, including immune function.*
Of these lactic acid bacteria, particularly Lactobacillus
plantarum isolated from kimchi may have beneficial effects
in asthma'” and pruritus'® by enhancing the expression of
regulatory factors, such as Foxp3 and interleukin (IL)-10, in

intestinal laminar propria cells,!” and by inhibiting IL-4
expression in the colon of mice,'” respectively. In a ran-
domized, double-blind placebo-controlled study, oral ad-
ministration of L. plantarum CJLP133 isolated from kimchi
showed reduction of Scoring of Atopic Dermatitis (SCORAD)
scores, total eosinophil count, IFN-y, and IL-4 in children
with atopic dermatitis.*® Several Lactobacillus strains iso-
lated from kimchi may reduce allergic reactions through
macrophage-mediated induction of the Th1 response.'®

TABLE 3. OpDs RATIOS AND 95% CONFIDENCE INTERVALS FOR ASTHMA AND FEV1/FVC (<0.7) ACCORDING TO KIMCHI INTAKE
BY KOREAN ADULTS AGED 19-64 YEARS

Asthma® FEVI/FVC (<0.7)*
n (weighted
percentile) Model 1 Model 2 Model 1 Model 2
Kimchi
<1 serving (<40 g) 4994 (25.3)  1.000 1.000 1.000 1.000

1 to <2 serving (40-79.9 g) 3694 (18.4)  0.708 (0.521-0.962)
2 to <3 serving (80-119.9 g) 3155 (15.3)  0.494 (0.340-0.718)
>3 serving (=2120g) 7816 (41.0)  0.654 (0.487-0.879)
P for trend 0.0063

Kimchi

4994 (25.3)  1.000
14,665 (74.7)

<1 serving (<40 ¢g)
>1 serving (=240g)

0.634 (0.494-0.815)

0.726 (0.534-0.987)  0.909 (0.811-1.020)
0.506 (0.348-0.736)  0.909 (0.809-1.021)
0.678 (0.502-0.916)  0.860 (0.779-0.949)

0.0131 0.0044

0.905 (0.807-1.015)
0.904 (0.804-1.016)
0.851 (0.770-0.941)
0.0025

1.000 1.000 1.000
0.654 (0.507-0.844)  0.883 (0.810-0.964)  0.877 (0.803-0.957)

Values are odds ratio (95% confidence interval); N=19,659.

*Model 1: adjusted for age, BMI, education level, and energy intake (In). Model 2: adjusted for Model 1 plus sex, residential area, smoking status, and exercise.
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In this study, unlike the relationship between kimchi
consumption and the prevalence of asthma, we did not find a
significant relationship between vegetable consumption and
the prevalence of asthma. The overall results of several
studies on the association between vegetable consumption
and adult asthma are inconclusive. A population-based
case—control study on adult asthma conducted in the United
Kingdom showed a nonsignificant relationship between a
““vegetarian’ dietary pattern and asthma,'> and a recent
large prospective E3N (Etude Epidémiologique aupres des
femmes de la MGEN) study (of French females, mostly
teachers) also found no clear relationship between ‘‘pru-
dent” dietary patterns (fruits and vegetables) and asthma.*°
Interestingly, results from another E3N cohort study sug-
gested that leafy vegetables, carrots, and tomatoes may
decrease the prevalence of adult asthma.!? Diets rich in
starch, cereals, and vegetables show a protective association
with asthma'? and allergic rhino conjunctivitis.*! Therefore,
the relationship between kimchi consumption and asthma in
our study may not have been due to the consumption of
vegetables containing components, such as vitamins, min-
erals, fibers, and phytochemicals, but was due to another
kimchi component, such as lactic acid bacteria.

Lactic acid bacteria are produced by the fermentation of
milk (such as yogurt and cheese) or multifarious vegetables.
Several animal and human studies have suggested that yo-
gurt and cheese containing lactic acid bacteria, unlike milk,
lead to improved immune and clinical responses.*>~**
However, considerable evidence has been gathered to sup-
port the idea that fiber-fermenting lactobacilli from fer-
mented fruits and vegetables possess much stronger health
promoting potential than bacteria found in milk-based
products.'® Therefore, kimchi, the most popular leafy veg-
etable Korean food fermented by Lactobacillus, is consid-
ered to be a better source of lactic acid bacteria compared to
other fermented foods, such as yogurt and cheese. We did
not show an association between yogurt and cheese con-
sumption and asthma. This may have been due to a quan-
titatively insignificant amount (12-16g in our study) of
fermented milk products, which is contrary to the higher
amounts consumed by the Western people. This may also
have been due to the differences in status (form) of the lactic
acid bacteria derived from fermented milk products and
kimchi ingredients and/or the fermentation process.

In the present study, the prevalence of physician-
diagnosed asthma (2007-2011) in Korean adults aged 19-64
years was 2.4%, and that was relatively low compared to
other countries (3.9% in 2006 in Japan®’; ranged from
6.05% (Italy) to 20.09% (Sweden) in Western Europe in
2002-2003*¢). However, Korea’s increasing prevalence rate
is also evident (1998: 0.7%, 2008: 2.0%).* Although the
causes for increasing prevalence of asthma diagnosis are
unclear, a rising trend in adult obesity along with other
changes in lifestyle may play a role. In our study, however,
an inverse association between kimchi consumption and
adult asthma was still significant even after adjustment for
BMI. Interestingly, in pediatric atopic dermatitis, a recent
randomized clinical trial®* revealed that the supplementation

of Lactobacillus isolated from kimchi improved clinical and
immunological parameters. To investigate whether kimchi
consumption can prevent asthma or reduce the clinical se-
verity in asthma, more studies including randomized clinical
trials are needed in adult as well as children.

The limitations of our study include the following. First,
we could not confirm the temporal causal relationship be-
tween kimchi intake and asthma due to the cross-sectional
design. Second, information on several confounders was
unavailable and thus could not be factored into the analysis.
The KNHANES does not have information on breast feed-
ing and parent’s allergic diseases, and only in 2010 survey,
information on allergens, such as mites and dogs, which
would directly affect asthma, and IgE is available. Third, we
depended on the collection of dietary data only from the 24-h
recall, which may be less dependable than a 3-day dietary
recall. However, trained dietary nutritionists conducted direct
face-to-face interviews and made desperate efforts to mini-
mize potential errors when assessing dietary consumption.
Nevertheless, our study had certain strengths. We believe that
this is the first report to identify the association between di-
etary factors and asthma in Korean adults. These findings can
be generalized to the Korean general population, as the study
participants were a representative population-based sample of
Koreans.

In conclusion, we found a significant inverse association
between kimchi consumption and adult asthma. Adult
asthma may be connected to concomitant diseases, such as
COPD and rhinitis, and more attention should be given to
the relevance of diet and asthma prevalence; thus, our results
are very significant. Future studies are warranted to explore
any mechanisms responsible for the association between
kimchi consumption and asthma. Our results suggest that
health and nutrition promotion or nutrition education pro-
grams are needed to maintain a proper amount of kimchi
consumption.
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