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Association between kimchi
consumption and obesity based on BMI
and abdominal obesity in Korean
adults: a cross-sectional analysis of the
Health Examinees study

Hyein Jung,"? Ye-Rang Yun,® Sung Wook Hong,® Sangah Shin

ABSTRACT

Objective Previous animal studies have shown the
anti-obesity effect of kimchi-derived probiotic lactic acid
bacteria. However, only a few epidemiological studies have
investigated the association between kimchi consumption
and obesity. Therefore, we aim to assess this relationship
in Korean adults.

Design Cross-sectional study.

Setting The Health Examinees study was conducted from
2004 to 2013.

Participants This study analysed 115726 participants
aged 40-69 years enrolled in the Health Examinees study
in Korea.

Primary and secondary outcome measures Obesity
was defined as body mass index >25kg/m?, and
abdominal obesity was defined as waist circumference
>90cm in men and >85cm in women. Kimchi
consumption was assessed by the validated food
frequency questionnaire.

Results In men, total kimchi consumption of 1-3
servings/day was related to a lower prevalence of obesity
(OR: 0.875 in 1-2 servings/day and OR: 0.893 in 2-3
servings/day) compared with total kimchi consumption of
<1 serving/day. Also, men with the highest baechu kimchi
(cabbage kimchi) consumption had 10% lower odds of
obesity and abdominal obesity. Participants who consumed
kkakdugi (radish kimchi) >median were inversely
associated with 8% in men and 11% in women with lower
odds of abdominal obesity compared with non-consumers,
respectively.

Conclusions and relevance Consumption of 1-3
servings/day of total kimchi was associated with a lower
risk of obesity in men. Baechu kimchi was associated with
a lower prevalence of obesity in men, and kkakdugi was
associated with a lower prevalence of abdominal obesity in
both men and women. However, since all results showed

a ‘J-shaped’ association, it is recommended to limit
excessive kimchi intake.

INTRODUCTION

Obesity is a multifactorial disease related
to nutrition, lifestyle and environmental
factors."™ To estimate the risk of obesity, the
WHO defined obesity as a body mass index

1

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study included a large number of participants
(n=115726) for cross-sectional analysis.

= The ORs were adjusted for confounding variables to
evaluate the independent relationship between kim-
chi consumption and obesity.

= Body mass index might have limitations as an obe-
sity measure.

= Afood frequency questionnaire may make it difficult
to quantify the portion size of kimchi consumption.

(BMI) >30kg/m? and for the Asian popu-
lation, the classification of obesity is BMI
>95kg/m*.* According to the 2021 Obesity
Fact Sheet in Korea, the prevalence of obesity
in South Korea has steadily increased from
29.7% in 2009 to 36.3% in 2019, and the
prevalence of abdominal obesity also steadily
increased from 19.0% in 2009 to 23.9% in
2019. In particular, the prevalence of obesity
in individuals in their 20s and 80s was lower
than in other age groups but had increased
steeply between 2009 and 2019.” Obesity is a
major risk factor for chronic diseases such as
type 2 diabetes, hyperlipidaemia, cardiovas-
cular disease and chronic kidney disease,””
and increased obesity was associated with
increased medical expenditure.10 Therefore,
the prevention of obesity is a public health
priority.

Kimchi is traditionally consumed as a side
dish in Korea and manufactured by salting
and fermenting vegetables with various
flavouring and seasoning ingredients,
including onion, garlic, red pepper powder,
salted shrimp and fish sauce.'' Cabbage and
radish are usually the main vegetables in
kimchi, and kimchi is low in calories and rich
in dietary fibre, lactic acid bacteria (LAB),
vitamins and polyphenols."”* ¥ Despite these
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healthy ingredients, there was concern about health risks
because kimchi was one of the major food groups that
contributed to dietary sodium intake.'"* According to
the Korea National Health and Nutrition Examination
Survey (KNHANES) 2019-2020, the daily sodium intake
from kimchi consumption in adults aged over 19 years is
500.1mg/day (15.1% of the total daily sodium intake)."
Several studies suggested that a high sodium intake was
associated with a high prevalence of obesity and hyper-
tension. %Y However, previous studies have shown that
the consumption of kimchi and fermented vegetables
is associated with reduced body weight® and improved
fasting blood glucose and total cholesterol level*' but has
no association with hypertension.

Fermented kimchi contains major species of LAB,
such as Leuconostoc spp., Lactobacillus spp. and Weissella
spp. Especially, Lactobacillus spp. is the dominant species
of kimchi LAB in late fermentation.”” ** In a cell-based
experiment, kimchi LAB reduced lipid accumulation
by regulating the adipogenesis-related and lipogenesis-
related genes in 3T3-L1 adipocytes.”” An animal study
reported that Lactobacillus plantarum HACo1 derived from
fermented kimchi reduced adipose tissue accumulation
in mice.?® A 12-week randomised controlled trial (RCT)
showed that Lactobacillus sakei isolated from fermented
kimchi was associated with decreased body fat mass and
waist circumference (WC) 2

There are currently a few epidemiology studies investi-
gating the relationship between kimchi consumption and
obesity in adults. There is a concern about the intake of
kimchi due to the salt content of kimchi, but we focused
on its health function as a fermented food. Therefore,
we examined the association of kimchi consumption with
obesity and abdominal obesity in South Korean adults.

Participants recruited from 2004-2013
in HEXA of KoGES (N = 173,357)

R 2

Age 40-69 years (N = 169,730)

MATERIALS AND METHODS

Study population

This cross-sectional study used the data from the Health
Examinees (HEXA) study, a large, community-based
prospective cohort study of the larger Korean Genome
and Epidemiology Study designed to examine environ-
mental and genetic risk factors for common chronic
diseases in Korean adults aged over 40 years. The base-
line examination for the HEXA study was conducted
from 2004 to 2013. A detailed description of the study
design and procedures for the HEXA study is provided
in previous studies.” * Among the 173357 participants,
those who were aged <40 years or >69 years (n=3627), who
had no dietary information (n=2982), who had missing
data of anthropometry measurements, including height,
weight and WC (n=2214), who had a history of hyper-
tension (n=29508), diabetes (n=5405), hyperlipidaemia
(n=6452), cardiovascular disease (n=1341), cerebrovas-
cular disease (n=399) and cancer (n=3548), and who
had implausible energy intakes in men (<800or >4000
kcal/day, n=1192) and women (<500 o0r >3500 kcal/day,
n=963) were excluded (figure 1). Therefore, this cross-
sectional study included 115 726 participants (36 756 men
and 78970 women). Informed consent was confirmed (or
waived) by the institutional review boards.

Patient and public involvement
Patients were not involved in this study.

Dietary assessment

Dietary intake for the previous year was assessed using
a validated 106-item semiquantitative food frequency
questionnaire (SQ-FFQ) completed by the participants.‘%
Participants referred to accompanying photographs of

Exclude no dietary information in Kimchi consumption (n =2,982)

Exclude missing data of anthropometry measurement (n = 2,214)

Excluded history of hypertension, diabetes, hyperlipidemia,
cardiovascular disease, cerebrovascular disease, and cancer (n = 46,653)

Excluded extreme energy intake (< 800 or > 4,000 kcal/day in men
and < 500 or > 3,500 kcal/day in women) (n = 2,155)

Study population for analysis
N = 115,726 (Men = 36,756 and Women = 78,970)

Figure 1

Flow chart of the study population. HEXA, Health Examinees.
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each food to respond to questions about their frequency
and amount of food consumption. The nine frequency
categories are as follows: never or seldom, once a month,
2-3 times a month, 1-2 times a week, 3—4 times a week,
5-6 times a week, once a day, 2 times a day and 3 times a
day. The serving size of kimchi consumption was catego-
rised as 0.5, 1 or 2 servings. Total kimchi included baechu
kimchi (cabbage kimchi), kkakdugi (radish kimchi),
nabak kimchi and dongchimi (watery kimchi) and other
kimchi (eg, green onion kimchi, Korean lettuce kimchi
and mustard greens kimchi). One serving of baechu
kimchi, kkakdugi and other kimchiis 50 g, and one serving
of nabak kimchi and dongchimi is 95g. The serving size
of kimchi was obtained by multiplying the frequency of
kimchi consumption by the amount of serving. Total
kimchi consumption is categorised as follows: <1 serving/
day, 1-2 servings/day, 2-3 servings/day, 3-5 servings/day
and >b servings/day. Nutrient intakes, such as macronu-
trients, sodium, fibre and potassium, were calculated by
multiplying the frequency of each food intake by The
Korean Food Composition Table prepared by the Rural
Development Administration National Institute of Agri-
cultural Sciences.”

Anthropometry and definition of obesity

Anthropometry measurements, including height, weight
and WC, were measured by trained staff via standardised
procedures. Height and weight were measured using a
digital height and weight machine, and WC was measured
at the midway between the ribs and the iliac ridge using a
measuring tape. The definition of obesity was based on the
guidelines of the Korean Society for the Study of Obesity.”
BMI is calculated as weight divided by height in metres
squared (kg/m?). Obesity was divided into underweight
(BMI<18.5kg/m?), normal (18.5 kg/m’<BMI<25.0kg/
m?) and obese (BMI>25 kg/ m?). Abdominal obesity was
defined as WC 290 cm (men) or 285 cm (women).

Covariates

Information on sociodemographic factors, cigarette
smoking, physical activity, menopause status and history
of chronic diseases such as hypertension, diabetes, hyper-
lipidaemia, cardiovascular disease and cerebrovascular
diseases, was obtained from self-administered question-
naires with an interviewer. To investigate the general char-
acteristics, age was categorised into 40s, 50s and 60s, and
BMI was categorised into underweight (BMI<18.5kg/m?),
normal (18.5 kg/m*<BMI<25.0kg/m?) and obese (25.0
kg/ mQSBMI). Income level was classified as <1 million
won (approximately 800 dollars), 1-1.99million won,
2—-2.99million won and >3 million won. Education level,
marital status, alcohol consumption, current smoking
and physical activity were self-identified and reported
as follows: education level (below middle school, high
school and above college), marital status (married or
other), alcohol consumption (non-drinker or current
drinker), smoking status (never, past or current smoker),

physical activity (active or inactive) and menopause status
(premenopausal or post menopausal).

Statistical analyses

All statistical analyses were performed using SAS (V.9.4;
SAS Institute). Participants were categorised into five
groups according to their total kimchi consumption (<1
serving/day, 1-2 servings/day, 2-3 servings/day, 3-b serv-
ings/day and >5 servings/day). Statistical analyses were
conducted separately by sex to identify the association of
kimchi consumption with obesity and abdominal obesity.
To assess the differences in general characteristics in
subjects according to total kimchi consumption, we used
the % test for categorical variables and linear regression
for continuous variables. A multivariable logistic analysis
model was used to estimate the OR and 95% CI of obesity
based on kimchi consumption, with the lowest consump-
tion group as the reference, and the reference group of
obesity was 18.5 kg/mQSBMkQB.Okg/mQ. Sodium, fibre
and potassium intake were adjusted for daily energy
intake using the residual methods.”® To assess whether
kimchi consumption was independently associated with
the prevalence of obesity and abdominal obesity, we
adjusted for potential confounders, such as age, total
energy intake, income level, education level, marital
status, alcohol consumption, smoking status, physical
activity, menopausal status, energy-adjusted sodium,
potassium, and fibre intake, consumption of cooked rice
(cooked rice included cooked white rice, cooked white
rice with soybean, cooked white rice with other cereals,
half & half cooked white rice and rice with soybean, and
half & half cooked white rice and rice with other cereals),
pickled radish, jangajji and other kimchi consumption
(except for analysis of total kimchi consumption). A two-
sided p<0.05 was considered statistically significant.

RESULTS

Participants’ characteristics according to kimchi consumption
The study included a total of 115726 participants (36 756
men and 78970 women) with a mean age of 51.8+8.2 years
in men and 50.8+7.4 years in women, and the prevalence
of obesity (BMI >25 kg/mQ) was 28.2% (86.1% in men and
24.7% in women). Table 1 shows the baseline character-
istics stratified by sex according to total kimchi consump-
tion. Compared with participants who consumed total
kimchi <1 serving/day, those who consumed total kimchi
=5 servings/day had higher weight and WC and were
more likely to be obese, below middle school educated,
household income <1 million won and current drinkers in
both men and women. Men participants who consumed
total kimchi >5 servings/day tended to be younger, taller,
smokers and active than those who consumed total kimchi
<l serving/day. In comparison to women who consumed
total kimchi<l serving/day, those who consumed total
kimchi>5 servings/day were older, shorter, married,
non-smokers, inactive and post menopausal. The food
and nutrient intakes of the study participants according
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to kimchi consumption are provided in online supple-
mental table 1. The higher consumption of kimchi was
associated with higher consumption of jangajji, pickled
radish and cooked rice in both men and women (all
p<0.0001). The average nutrient intake in each group
of kimchi consumption showed that total energy intake,
carbohydrate, protein, fat, sodium, potassium and fibre
were significantly higher in the highest kimchi intake
than in the lowest kimchi intake.

Association between kimchi consumption and obesity

Tables 2 and 3 present the ORs of obesity according
to kimchi consumption by sex. After adjustment for
confounding covariates, men who consumed 1-2 serv-
ings/day and 2-3 servings/day of total kimchi had a lower
prevalence of obesity (OR: 0.875; 95% CI 0.808 to 0.947
in 1-2 servings/day, and OR: 0.893; 95% CI 0.817 to 0.978
in 2-3 servings/day) compared with those who consumed
<1 serving/day. In men, there was a significant association
that consuming baechu kimchi >3 servings/day was asso-
ciated with a 10% lower prevalence in both obesity (OR:
0.904; 95% CI 0.832 to 0.982) and abdominal obesity (OR:
0.903; 95% CI 0.825 to 0.989) compared with participants
who consumed baechu kimchi <I serving/day. In women,
compared with the lowest baechu kimchi consumption
(<1 serving/day), the consumption of baechu kimchi
2-3 servings/day was associated with an 8% (95% CI
0.865% to 0.981%) lower prevalence of obesity, and 1-2
servings/day was associated with a 6% (95% CI 0.889%
to 0.994%) lower prevalence of abdominal obesity. For
kkakdugi consumption, participants who consumed kkak-
dugi <median were associated with lower prevalence of
obesity in both men (OR: 0.908; 95% CI 0.842 to 0.979)
and women (OR: 0.895; 95% CI 0.855 to 0.938). Those
who consumed kkakdugi more than the median (25.0g/
day in men and 10.7g/day in women) were less likely to
have abdominal obesity in both men and women than
non-consumers (OR: 0.915; 95% CI 0.840 to 0.996 in
men and OR: 0.889; 95% CI 0.842 to 0.939 in women).
Additionally, some groups of nabak kimchi+dongchimi,
other kimchi and baechu kimchi+kkakdugi consumption
showed an inverse association with obesity, but mostly,
there were no significant associations with obesity (online
supplemental tables 2—4).

DISCUSSION

In this cross-sectional study, we analysed the data from the
HEXA cohort study in Korea to investigate the association
between kimchi consumption and obesity among Korean
adults. The present study showed that total kimchi
consumption of 1-3 servings/day is inversely associated
with the risk of obesity in men. Also, in men, a higher
intake of baechu kimchi was related to a lower prevalence
of obesity and abdominal obesity. A higher consump-
tion of kkakdugi was associated with lower prevalence of
abdominal obesity in both men and women.

Previous studies reported an association between
kimchi intake and obesity. A previous RCT involving
22 patients with obesity showed that both fresh kimchi
(1-day-old kimchi) and fermented kimchi (10-day-old
kimchi) significantly reduced body weight, BMI and
body fat, and fermented kimchi consumption decreased
waist-to-hip ratio, total cholesterol and leptin levels.” In
a cohort study of 20066 participants with obesity aged
40-69 years old, the average intake of kimchi of 2-3 serv-
ings/day was associated with changing to a normal weight
group.” This may be because the white rice and kimchi
dietary pattern is characterised by high consumption
of processed food. In the results of the scoping review
including two RCT studies, intake of fresh kimchi (before
fermented) showed a decrease in WCs and body fat
percentage.”

Previous studies have shown that ingestion of probi-
otic LAB genera during kimchi fermentation decreases
body weight, BMI and WC in adults with overweight or
obesity.”*® Moreover, the beneficial impact of kimchi-
derived probiotic LAB on obesity has been demon-
strated.” 7 ¥ L. brevis and L. plantarum isolated from
kimchi had an anti-obesity effect in a cell-based experi-
ment, suppressing adipocyte differentiation and, thereby,
lipid accumulation by downregulating the expression of
adipogenesis-related genes.” * Moreover, in dietinduced
obese mice fed with L. plantarum for 12 weeks, serum
and liver TG levels were reduced, and gains in adipose
tissue and body weight were suppressed.” Similar find-
ings have been reported for kimchi. For instance, kimchi
markedly decreased the TG levels and reduced the adipo-
genesis/lipogenesis-related genes, including peroxisome
proliferator-activated receptor gamma (PPAR)CCAAT/
enhancer-binding protein-alpha, and fatty acid synthase
in 3T3-L1 adipocytes and dietinduced obese mice.*"*!

Kimchi was prepared using brined kimchi cabbage
and radish, which are liberally seasoned with red pepper
powder, garlic, onion, ginger, radish, scallion, saeujeot (a
salt-fermented shrimp sauce), aekjeot (a fermented fish
sauce) and glutinous rice.'" Previous studies show that
the common spices of kimchi including garlic, onion
and ginger have an anti-obesity effect.”™ Intake of
garlic could reduce WC and BMI, mainly reducing body
weight and fat mass, and previous animal study shows that
consumption of garlic compound decreased cells’ lipid
accumulation in adipocytes 3T3-L1.** Onion included
quercetin, one of the flavonoids, and intake of quercetin
can reduce adipocyte hyperplasia.** Ginger and its major
component, 6-shogaol, also reduced adipogenic conver-
sion during adipogenesis.*

In our results, a non-linear Jshaped curve was observed
for kimchi consumption and obesity. Although not statisti-
cally significant, increased kimchi intake over 5 servings/
day was associated with a high prevalence of obesity. In this
study, increased total kimchi consumption was associated
with higher intake of total energy, carbohydrates, protein,
fat, sodium and cooked rice, and this might lead to increased
weight. Also, in women, the higher kimchi consumption
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group showed more physical inactiveness. An imbalanced
energy balance associated with matched energy intake and
expenditure could increase the prevalence of obesity.*® Rice
and kimchi pattern is a common dietary pattern in Korean
adults, and in a previous study, the white rice and kimchi
pattern was positively associated with obesity.” Previous
results can support the reason for the Jshaped results in our
study, but further research is needed.

Increased sodium intake from kimchi consumption
might also be one of the concerns of increased risk
of obesity. Kimchi is the major food contributing to
sodium intake because it is fermented by salt. Find-
ings from the 1998-2018 KNHANES reported that
the mean total sodium intake was 3477.2 mg/day, and
the sodium intake from kimchi was 14.0% (487.3 mg/
day) of total sodium intake in 2017.*® Kimchi only
contributes to a small proportion of the total sodium
intake of the Korean diet although our results present
that higher kimchi consumption is associated with
higher sodium intake.* Moreover, the main vegeta-
bles of kimchi, such as cabbage and radish, are dietary
sources of potassium, and individuals who consume
higher amounts of sodium might benefit from
increasing potassium intakes to counteract the effect
of sodium.”" !

This study has some strengths. It included a consid-
erably large number of Korean adults to investigate
the association between kimchi and obesity, and the
participants who had a history of some disease were
excluded. This could show a more precise relationship
between kimchi consumption and obesity. Moreover,
the validated SQ-FFQ was used for estimating dietary
intake. In addition, to evaluate the independent rela-
tionship between kimchi consumption and obesity, we
adjusted for confounding variables such as age, BMI,
income, education, marital status, alcohol consump-
tion, smoking, physical activity, and nutritional and
food intake as influential factors.

However, several limitations of this study should be
considered. First, the cross-sectional design of this
study limited our ability to make a causal inference.
Thus, a longitudinal study is necessary to better under-
stand the impact of kimchi on obesity. Furthermore,
this finding cannot be generalised due to the study’s
focus on Korean participants. Second, although BMI
is the most widely used measure of obesity, it might
have limitations as an obesity measure. Third, Koreans
consume kimchi in various ways, such as raw, soup,
stew and stir-fry. Because food frequency question-
naire (FFQ) usually is composed of highly consumed
food items, FFQ may make it difficult to quantify the
portion size of kimchi consumption. All kimchi intake
per person may not be reflected because all the dishes
or foods including kimchi are not listed in the FFQ.
Finally, although the results showed that the associ-
ation between kimchi consumption and obesity was
independent of several confounding variables, other
potential factors might have existed.

CONCLUSIONS

This large cross-sectional study described the association
between kimchi consumption and obesity. In conclusion,
total kimchi consumption of 1-3 servings/day was shown
to be reversely associated with obesity in men. Regarding
the type of kimchi, baechu kimchi was associated with a
lower prevalence of obesity in men, and kkakdugi was
associated with a lower prevalence of abdominal obesity in
both men and women. However, since all results showed
a ‘J-shaped’ association, excessive consumption suggests
the potential for an increase in obesity prevalence. As
kimchi is one of the major sources of sodium intake, a
moderate amount of kimchi should be recommended for
the health benefits of its other components. In addition,
further investigation and prospective studies are needed
to confirm the relationship between kimchi consumption
and obesity.
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