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Abstract
Objective: Fermented foods such as kimchi are traditional foods in Korea and could
provide beneficial health effects. However, fermented foods also contribute to
increased Na intake since salt is added during the fermentation process. The
present research aimed to examine trends in the consumption of fermented foods
and Na intake over time by Korean adults, using data from the Korea National
Health and Nutrition Examination Survey (KNHANES).
Design:KNHANES is a cross-sectional survey; data from 1998 to 2016were divided
into seven groups from KNHANES I to VII.
Setting: Demographic information on sex, age, education and income were col-
lected. Assessment of fermented food and Na consumption was conducted via
analysis of 24 h dietary recall data. Multivariate linear regressions and logistic
regressions were performed to calculate the P for trends by applying strata, cluster
and sampling weights by SAS PROC SURVEY.
Participants: The target population was Korean adults, aged ≥19 years, who
participated in a 24 h dietary recall. The total number was 76 199, with 32 324
men and 43 875 women.
Results: A significant decline in fermented food consumption was observed from
1998 to 2016 in both men and women (P < 0·0001). Among fermented foods,
kimchi consumption was greatly reduced while pickled vegetables consumption
showed a marked increase. Similarly, Na intake from fermented foods declined
significantly over time in both men and women (P< 0·0001).
Conclusions: The consumption of fermented foods and Na intake from fermented
foods by Korean adults decreased significantly over time from 1998 to 2016.
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Fermented foods constitute a significant component of the
Korean diet. These traditional foods may contribute posi-
tive health outcomes, as they have been reported to play
a role in the prevention of cancer, obesity, diabetes and
constipation(1). During fermentation enzymes are created
from micro-organisms such as fungi or bacteria; these
enzymes have potential health benefits as they can dissolve
blood clots and improve blood circulation in the human
body(2). In contrast, fermented foods also contribute sub-
stantial amounts of Na to the diet from salt added during
processing and preparation. Also, in the fermentation proc-
ess for soya, the development of high levels of nitrate or
nitrite and the loss of substantial nutrients could increase
the risk of gastric cancer(3).

High intake of Na is known to promote or exacerbate
hypertension(4), a disease that is prevalent in both Korea
and the USA. Hypertension is a well-known risk factor for
CHD, stroke and kidney disease; and the onset of hyperten-
sion increases dramatically with age(5). The prevalence for
Korean adults has increased from 32·4% in men in 1998 to
35·0 % in 2016. In women, it has declined from 26·8 to
22·9 %over the same timeperiod(6). In comparison, thepreva-
lence of hypertension in theUSAhas increased slightly inmen
aged ≥18 years (28·7 to 30·2% from 1999–2000 to 2015–
2016); in women, it has declined slightly, 28·3 to 27·7%(7,8).
However, hypertension was not related to consumption of
kimchi, themost popular fermented food in Korea, according
to an analysis of the 2007–2012 Korea National Health and
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Nutrition Examination Surveys (KNHANES)(9). One plausible
reasonmay be that kimchi is rich in K, as well as Na, such that
high ingestion of K may counteract effects of excess dietary
Na(9). Additionally, Koreans consume a number of other fer-
mented foods that also may influence health. The goal of the
present research was to assess fermented food consumption
and Na intake among Korean adults using 1998–2016
KNHANES data and to discern changes over time.

Methods

Study design
The present research is a secondary analysis of the data
from KNHANES, conducted by the Korea Centers for
Disease Control and Prevention (KCDC)(10). KNHANES is
a cross-sectional survey to evaluate the health and nutri-
tional status of the Korean population using a stratified
and multistage sampling design. The three components
of KNHANES are a health examination, a health interview
and a nutrition survey. KNHANES was established in 1998;
the 2016 KNHANES data are the most recent open-source
data available and were released in January 2018. Initially,
the surveys were conducted triennially for 1998, 2001 and
2005; in November and December of 1998 and 2001, and
April–June in 2005. However, the system was transformed
to collect the surveys annually throughout the year starting
in 2007 in order to deliver the information in a timely man-
ner. Yet, the data for 3 years are considered a set due to the
fact that the sample size per year became smaller from 2007
than the triennial data for 1998, 2001 and 2005. Thus, the
present research utilized a KNHANES data set from 1998
to 2016, divided into seven categories based on a sugges-
tion by the KCDC. The data sets used were: 1998
(KNHANES I), 2001 (KNHANES II), 2005 (KNHANES III),
2007–2009 (KNHANES IV), 2010–2012 (KNHANES V),
2013–2015 (KNHANES VI) and 2016 (KNHANES VII).
The survey protocol was approved by the KCDC
Institutional Review Board and written informed consent
was provided by the participants.

Participants
Participants in KNHANES were Korean citizens, aged ≥1
year, residing in representative households who were
selected using a stratified and multistage clustered proba-
bility sampling method. The response rates of the selected
population ranged from 70·2 to 86·5 % in each survey. The
present research focused solely on Korean adults, aged
19 years or older, who participated in the 24 h dietary
recall from the 1998–2016 KNHANES. It sampled a total
number of 76 199 participants, 32 324 men and 43 875
women. These included 7501 in 1998 (KNHANES I),
7092 in 2001 (KNHANES II), 6526 in 2005 (KNHANES III),
16 187 in 2007–2009 (KNHANES IV), 17 394 in 2010–2012
(KNHANES V), 16 069 in 2013–2015 (KNHANES VI) and

5430 in 2016 (KNHANES VII). The adult population was
divided into four age groups: 19–29 years, 30–49 years,
50–64 years and ≥65 years, based on the criteria from
the 2015 Dietary Reference Intakes for Koreans(11).

Dietary intake assessment
The present research analysed 24 h dietary recall data from
1998 to 2016 KNHANES in order to identify the daily amount
of food consumption, with respect to nutrient intake. As part
of the overall survey and face-to-face interview process, a
trained dietitian visited the homes of participants to conduct
the nutrition survey. The 24 h dietary recall provided informa-
tion on types, quantities, volumes and weight of foods that
were consumed within the previous 24 h. Each type of ingre-
dient, the amount of each ingredient, cooking method and
total amount of food after being cooked were assessed by
the person who prepared the food. Then, this information
was applied to each household member for type and amount
of each food consumed. Seasonings or processed foods uti-
lized during preparation were measured, differentiated by
brand name. The volume of food was determined by the size
of bowl/dishes used and changed to weight using the data-
base for volume–weight conversion(12). Theopen-source data
were analysed to examine the consumption of fermented
foods and their Na content. Fermented foods were divided
into six categories: (i) kimchi; (ii) fermented red pepper paste;
(iii) fermented soyabean paste; (iv) soya sauce; (v) salt-
fermented seafood; and (vi) pickled vegetables. In Korea,
fermented red pepper paste, fermented soyabean paste,
salt-fermented seafood and pickled vegetables are known
as gochujang, doenjang, jeotgal and jangajji, respectively.
The total fermented foods indicated the sum of the six
categories. The amount of each fermented food item and
its Na content were calculated based on the food composi-
tion tables by the Rural Development Administration:
5th edition(13) for 1998 (KNHANES I), 6th edition(14) for
2001 (KNHANES II) and 2005 (KNHANES III), 7th edition(15)

for 2007–2009 (KNHANES IV) and 2010–2012 (KNHANES V),
and 8th edition(16) for 2013–2015 (KNHANES VI) and 2016
(KNHANES VII).

Statistical analysis
All analyses were completed with the statistical software
package SAS version 9.4 using the PROC SURVEY pro-
cedure. Multivariate linear regression and logistic regres-
sion were conducted to calculate P for trend with
applying strata, cluster and sampling weights. Age was
adjusted as a confounding factor. Complex sample design,
non-response rate of the target population and post-
stratification were considered in order to create sampling
weights. Multivariate linear regression was applied for con-
tinuous variables and multivariate logistic regression for
categorical variables. Data for continuous variables were
denoted as means with their standard errors; for categorical
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variables, as percentages with their standard errors. Age
was standardized based on the 2005 Korea census for all
analyses, except for mean age and percentages of each
age group. A two-sided P for trend of≤0·05was considered
to denote statistical significance.

Results

Characteristics of participants
Themean age of participants increased over time from 1998
to 2016. Therewas a decline in the percentage of individuals
from the 19–29 years and 30–49 years age groups, with an
escalation in individuals from 50–64- and ≥65-year-old
groups in both men and women (Table 1). In addition,
the percentage of individuals who completed middle school
or lower in education level diminished, and individuals who
completed college or higher rose in both men and women
over time. Household monthly income level increased
significantly over time.

Trends in fermented food intake
Trends in age-standardized fermented food intake from the
1998 to the 2016KNHANES are shown inTable 2.Noticeable
changes in fermented food consumption occurred. Overall,
the mean total fermented food intake declined significantly
over time. The highest ingestion reported was 207·0 and
169·1 g in 2001, and the lowest amount observed was
155·4 and 105·5 g in 2016, in men (P< 0·0001) and women
(P< 0·0001), respectively. Similarly, the mean kimchi con-
sumption also diminished over time; with a peak of 168·4
and 139·2 g in 2001 and the lowest amount of 118·4 and
79·8 g recorded in 2016 in men (P< 0·0001) and women
(P< 0·0001), respectively. Both men and women in the
19–29-year-old group consumed the least amount of total
fermented foods and kimchi in the four age groups (Figs 1
and 2). In contrast, the trend for fermented red pepper paste
intake increased from 1998 to 2016; however, no trend was
found from 2007–2009 to 2016 in men (P= 0·3958) and
women (P= 0·1778). On the other hand, the mean fer-
mented soyabean paste intake decreased over time in both
men and women. There was a significant decline for soya
sauce consumption inwomen only; the trendwas consistent
from 2007–2009 to 2016 (P= 0·7900). No tendency was
observed in men over time (P= 0·4554). The mean intake
of salt-fermented seafood decreased consistently over time
in men and women. The trend in pickled vegetable intake
elevated persistently over time from 1998 to 2016.
However, this represented only approximately 3·0 to
9·0 % of the overall fermented food intake. Participants in
the 19–29-year-old category consumed the highest amount
of pickled vegetables, according to age group (Fig. 3).
Pickled yellow radish (danmuji in Korea) was the most
popular of the pickled vegetables (highest of 6·0 g in 2016
for men and 4·3 g in 2001 for women).

Trends in sodium consumption from fermented
food intake
Trends in age-standardized Na consumption from fer-
mented food intake are listed in Table 3 and trends in per-
centage of Na consumption from fermented foods to total
daily Na intake are described in Table 4. First, the trend for
the mean daily intake of total Na reduced significantly
overall, but also fluctuated with a peak of 6400·6 and
4971·2 mg in 2005, and was the lowest in 2016 at 4704·8
and 3171·6 mg, for men (P< 0·0001) and women
(P< 0·0001), respectively. The Na intake from total fer-
mented foods diminished dramatically over time, ranging
from 3264·0 mg in 1998 to 1975·0 mg in 2016 for men
(P< 0·0001) and from 2572·9 to 1351·8 mg for women
(P< 0·0001). The contribution of Na intake from total fer-
mented foods to total daily Na intake declined from 58·8
to 45·4 % in men (P < 0·0001) and from 59·4 to 47·0 % in
women (P< 0·0001). More specifically, the mean Na
intakes from kimchi, fermented soyabean paste and salt-
fermented seafood, respectively, decreased significantly
over time in both men and women. Na intake from kimchi
decreased by approximately 63·3 % in men and 69·4 % in
women. Na intake from kimchi as part of total daily Na con-
sumption declined from 35·7 to 17·8 % in men (P < 0·0001)
and from 36·3 to 18·2 % in women (P < 0·0001). In contrast,
the mean Na intake from fermented red pepper paste fluc-
tuated, but increased overall. Similarly, an escalating trend
was found in the mean Na intake from pickled vegetables.
The mean Na intake from soya sauce fluctuated, but
decreased overall in women; however, there was no trend
from 2007–2009 to 2016 (P= 0·1582). Unlike women, no
change was observed in Na consumption from soya sauce
overall in men (P= 0·3754). Yet, a consistent decrease was
observed from 2007–2009 to 2016 (P= 0·0009).

Discussion

These results show that trends in fermented food consump-
tion, particularly kimchi, declined noticeably over time in
both men and women, based on the KNHANES from
1998 to 2016.

The trends in total fermented food and kimchi consump-
tion in each age category were similar (Figs 1 and 2), since
kimchi contributes the highest percentage to fermented
foods consumed in Korea. Estimated energy requirements
are highest in Korean young adults (aged 19–29 years); spe-
cifically, 10 878 kJ/d (2600 kcal/d) for men and 8786 kJ/d
(2100 kcal/d) for women(11). However, adults in this age
group consumed the least amount of total fermented foods
and kimchi, and the trend decreased significantly.

A study by Yon et al. found that kimchi intake was
responsible for the highest contribution to Na consump-
tion, 24·5 % of total daily Na intake, based on the 2008
and 2009 KNHANES(17). In our research, the trend analysis
from 1998 to 2016 showed that Na intake from total
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fermented foods and kimchi consumption declined signifi-
cantly over time.

In contrast, pickled vegetable consumption and Na intake
from pickled vegetables increased over time. Specifically,
consumption of pickled vegetables was highest in young
adults aged 19–29 years (8·2 to 15·7 g in men and 6·1 to
9·7 g in women), and lowest in the elderly aged ≥65 years
(1·3 to 5·6 g inmen and 0·9 to 3·7 g inwomen). It appears that
young adults, especially those aged 19–29 years, prefer to
consume pickled vegetables instead of kimchi. In contrast,
the elderly seem to prefer the traditional kimchi.

In Korea, fermented red pepper paste, fermented soya-
bean paste and soya sauce are usually consumed as a condi-
ment or sauce, or added to soups or stews. Intake of
fermented red pepper paste increased significantly over time
(by approximately 47·1 % in men and 39·4 % in women);
however, fermented soyabean paste intake diminished
greatly (by approximately 13·1 % in men and 18·8 % in
women). One reason might be that spicy foods have been
gaining in popularity and food companies have increased
development of different types of spicy foods that have been
a great success in Korea, and globally aswell. Fermented red
pepper paste may be utilized as a condiment for foods or as

an addition to soups or stews, rather than the traditional
fermented soyabean paste.

Yet, no dramatic changes were observed in the trends
for soya sauce intake and Na consumption from soya sauce
over time. Soya sauce has been a consistent part of the
Korean diet as it is incorporated in a wide variety of foods
and recipes. However, Na intake from soya sauce from
2007–2009 to 2016 decreased significantly in men, by
approximately 10 %.

A plausible reason for decreases in fermented food intakes
over time could be related to changes in overall dietary pat-
terns in Korea. From the 1970s, dramatic economic and socio-
demographic changes have occurred(18). For example, the
household monthly income in Korea has increased signifi-
cantly, more than three times from 1998 to 2016 (Table 1).
With greater exposure to the world, the diet in Korea has
shifted to becomingmoreWesternized, particularly with con-
venience foods. An example for grains is ramen: it contributed
the highest percentage of Na consumption, 33·1–56·6 % in
men and 25·1–42·3 % in women from 1998 to 2010(19). This
changing pattern of foods also could be associated with
increased dining out, as well as advancing age, income and
educational level(20). Those who ate outside the home ≥1

Table 1 Characteristics of participants, aged ≥19 years, from the 1998 to 2016 Korea National Health and Nutrition Examination Surveys
(KNHANES)

KNHANES

I
(1998)

II
(2001)

III
(2005)

IV
(2007–2009)

V
(2010–2012)

VI
(2013–2015)

VII
(2016) P for trend*

n,
mean
or % SE

n,
mean
or % SE

n,
mean
or % SE

n,
mean
or % SE

n,
mean
or % SE

n,
mean
or % SE

n,
mean
or % SE

1998 to
2016

2007–
2009 to
2016

Men 3480 3253 2918 6592 7129 6712 2240
Age (years) 40·3 0·3 40·9 0·3 42·3 0·4 43·5 0·3 44·5 0·3 45·2 0·3 45·9 0·5 <0·0001 <0·0001
19–29 27·6 1·0 26·4 1·0 23·0 1·1 21·1 0·8 19·9 0·8 19·5 0·7 18·8 1·3 <0·0001 0·1153
30–49 47·4 1·3 47·3 1·2 47·7 1·3 46·0 0·9 44·0 0·9 41·3 0·9 40·4 1·6 <0·0001 0·0005
50–64 17·7 0·8 18·1 0·7 19·5 0·8 21·9 0·6 24·1 0·6 26·0 0·6 27·1 1·3 <0·0001 <0·0001
≥65 7·4 0·5 8·2 0·5 9·7 0·6 11·1 0·4 12·0 0·4 13·2 0·4 13·7 0·8 <0·0001 0·0003

Education†
≤Middle school 29·4 1·0 26·7 0·9 22·3 0·8 23·3 0·6 20·0 0·5 17·0 0·5 14·8 0·8 <0·0001 <0·0001
High school 40·8 1·1 37·1 1·0 35·8 1·1 43·2 0·8 42·8 0·8 41·5 0·9 37·0 1·5 0·1496 0·0027
≥College 29·9 1·4 36·1 1·1 41·9 1·3 33·4 0·9 37·2 0·8 41·6 0·9 48·3 1·6 <0·0001 <0·0001

Income
(104 KRW)‡

139·9 3·4 231·0 6·5 233·9 4·9 307·0 8·2 442·3 16·1 398·1 6·7 443·2 13·3 <0·0001 <0·0001

Women 4021 3839 3608 9595 10 265 9357 3190
Age (years) 42·3 0·4 42·8 0·4 44·3 0·3 45·6 0·3 46·5 0·3 47·4 0·3 48·0 0·5 <0·0001 <0·0001
19–29 25·9 0·9 24·7 0·9 21·3 0·9 19·6 0·7 18·3 0·6 17·1 0·6 16·7 1·0 <0·0001 0·0064
30–49 43·9 1·2 44·5 1·0 44·8 1·1 43·0 0·8 41·1 0·7 38·9 0·7 37·8 1·2 <0·0001 <0·0001
50–64 18·4 0·8 18·3 0·7 19·6 0·7 21·6 0·5 23·8 0·5 25·8 0·5 26·9 1·0 <0·0001 <0·0001
≥65 11·8 0·7 12·5 0·7 14·3 0·7 15·8 0·5 16·8 0·5 18·2 0·5 18·6 1·0 <0·0001 0·0038

Education†
≤Middle school 44·8 1·0 39·4 0·9 34·2 0·8 32·0 0·5 28·5 0·5 23·6 0·4 21·7 0·7 <0·0001 <0·0001
High school 35·4 0·9 37·1 0·9 35·8 1·0 40·8 0·7 38·7 0·8 37·7 0·7 37·5 1·3 0·0003 0·2567
≥College 19·8 1·1 23·5 0·9 30·1 1·1 27·1 0·7 32·8 0·8 38·7 0·8 40·9 1·3 <0·0001 <0·0001

Income
(104 KRW)‡

140·8 3·5 231·0 6·4 235·4 5·4 313·3 11·4 457·8 15·1 391·1 6·4 443·0 12·7 <0·0001 <0·0001

KRW, Korean won (approximately 1120 KRW equal to 1 US dollar).
*P for trend by multivariate linear regression or logistic regression.
†Age-standardized based on the 2005 Korea census.
‡Household monthly income with age standardized.
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times per day were 44·3% among men and 23·2 % among
women in 2016, and even higher in the younger age group
of 19–29 years (51·1 % in men and 34·1 % in women)(6).
Other reasons might be changing taste preferences with
exposure to international foods, and a lack of time or desire

for greater convenience(21). Young adults may have devel-
oped their food choices and habits from early childhood,
as the traditional Korean diet has declined with greater intake
of Western-style foods. These foods include flour products
such as bread; and pizza and hamburgers, particularly among

Table 2 Trends in age-standardized fermented food intake for Korean adults, aged ≥19 years, from the 1998 to 2016 Korea National Health
and Nutrition Examination Surveys (KNHANES)

KNHANES

I
(1998)

II
(2001)

III
(2005)

IV
(2007–2009)

V
(2010–2012)

VI
(2013–2015)

VII
(2016) P for trend*

n
or

mean SE

n
or

mean SE

n
or

mean SE

n
or

mean SE

n
or

mean SE

n
or

mean SE

n
or

mean SE

1998 to
2016

2007–
2009 to
2016

Men 3480 3253 2918 6592 7129 6712 2240
Fermented food intake (g)

Kimchi 163·9 3·7 168·4 3·5 162·3 3·0 152·1 2·2 140·0 2·3 126·8 2·1 118·4 3·0 <0·0001 <0·0001
Fermented red
pepper paste

5·1 0·3 6·3 0·3 8·4 0·4 8·0 0·3 8·4 0·3 8·3 0·2 7·5 0·4 <0·0001 0·3958

Fermented soyabean
paste

10·7 0·4 14·5 0·6 14·8 0·5 13·3 0·3 12·4 0·3 10·1 0·3 9·3 0·4 <0·0001 <0·0001

Soya sauce 7·7 0·3 7·4 0·2 9·4 0·3 8·4 0·2 8·3 0·2 8·0 0·2 8·0 0·3 0·4554 0·0727
Salt-fermented
seafood

3·7 0·3 3·2 0·3 2·4 0·2 2·6 0·2 2·5 0·2 1·5 0·1 1·6 0·1 <0·0001 <0·0001

Pickled vegetables 5·1 0·4 7·3 0·7 7·8 0·4 8·0 0·3 10·3 0·4 10·1 0·4 10·6 0·6 <0·0001 0·0002
Total 196·2 3·8 207·0 3·8 205·1 3·1 192·4 2·3 181·9 2·4 164·7 2·2 155·4 3·2 <0·0001 <0·0001

Women 4021 3839 3608 9595 10 265 9357 3190
Fermented food intake (g)

Kimchi 129·2 2·7 139·2 2·8 120·4 2·0 108·3 1·6 92·5 1·4 84·2 1·5 79·8 2·1 <0·0001 <0·0001
Fermented red
pepper paste

3·3 0·2 3·8 0·2 6·1 0·2 4·6 0·2 4·7 0·2 5·3 0·2 4·6 0·3 <0·0001 0·1778

Fermented soyabean
paste

8·0 0·3 12·2 0·5 11·5 0·4 8·9 0·2 8·1 0·2 6·5 0·2 6·5 0·3 <0·0001 <0·0001

Soya sauce 6·3 0·3 6·0 0·2 7·4 0·2 5·6 0·1 6·1 0·1 6·0 0·1 5·7 0·2 0·0048 0·7900
Salt-fermented
seafood

2·8 0·2 2·1 0·2 2·1 0·2 1·3 0·1 1·2 0·1 1·0 0·1 1·0 0·1 <0·0001 0·0009

Pickled vegetables 3·3 0·3 5·9 0·4 5·8 0·3 6·7 0·2 8·1 0·3 8·1 0·3 7·9 0·4 <0·0001 0·0256
Total 152·8 2·8 169·1 3·0 153·3 2·1 135·5 1·6 120·7 1·5 111·1 1·5 105·5 2·1 <0·0001 <0·0001

*P for trend by multivariate linear regression, adjusting for age.
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Fig. 1 (colour online) Trends in total fermented food intake of Korean adults by sex (a, men; b, women) and age category ( , 19–29
years; , 30–49 years; , 50–64 years; , ≥65 years) from 1998 to 2016, Korea National Health and Nutrition Examination
Survey (KNHANES)
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Korean adolescents(22). Furthermore, the fooddelivery system
has become more established and prevalent in Korea. It is
common for people to order fast foods such as fried chicken,
pizza or noodles to be delivered, rather than consuming a tra-
ditional home-cooked meal. Finally, restaurants and take-out
establishments generally serve foods accompanied by
pickled vegetables such as pickled cucumbers, pickled radish
or pickled yellow radish. The presence of these extra side
dishes presumably leads to an increased consumption of
these fermented foods.

The goal of Na intake for Korean adults is 2000 mg/d
according to the Dietary Reference Intakes for Koreans
and the WHO(11,23). This level is higher than the daily
1500 mg recommended in the USA for adults aged 19–50
years (1300 mg for 51–70 years and 1200 mg for>70 years).
Yet, it is lower than the US tolerable upper intake of
2300 mg/d(24). Nevertheless, the overall Na consumption

by Koreans is still greater than that of their guidelines.
A study by Lee et al. reported that the contribution of dietary
Na was highest from foods such as kimchi, soya sauce,
soyabean paste and ramen, based on the 1998, 2005 and
2007–2009 KNHANES(25). Specifically, kimchi is the most
popular type of fermented food in Korea and it contributes
the highest proportion of Na to the daily diet, 22·8–31·7 %,
according to the 1998 and 2010 KNHANES(19). Fermented
foods are well known to contain a high amount of Na.
However, the trend analysis of the present paper reported
a significant decrease in both fermented food consumption
and Na intake from fermented foods overall for Korean
adults, both men and women, from 1998 to 2016. One of
the most important results noted was that total daily Na
intake from overall diet decreased noticeably over time,
with a decline of approximately 15 % in men and 28 % in
women between 1998 and 2016. In addition, this decrease
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Fig. 2 (colour online) Trends in kimchi intake of Korean adults by sex (a, men; b, women) and age category ( , 19–29 years; ,
30–49 years; , 50–64 years; , ≥65 years) from 1998 to 2016, Korea National Health and Nutrition Examination Survey
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Table 3 Trends in age-standardized sodium consumption from fermented food intake for Korean adults, aged ≥19 years, from the 1998 to 2016 Korea National Health and Nutrition Examination
Surveys (KNHANES)

KNHANES

I
(1998)

II
(2001)

III
(2005)

IV
(2007–2009)

V
(2010–2012)

VI
(2013–2015)

VII
(2016) P for trend*

n or
mean SE

n or
mean SE

n or
mean SE

n or
mean SE

n or
mean SE

n or
mean SE

n or
mean SE

1998
to 2016

2007–
2009 to
2016

Men 3480 3253 2918 6592 7129 6712 2240
Daily Na intake (mg) 5562·1 86·0 6019·4 80·3 6400·6 81·5 5905·5 50·9 6030·1 60·4 4858·3 54·7 4704·8 79·7 <0·0001 <0·0001
Na intake (mg)
Kimchi 1992·4 47·7 1995·7 46·0 1806·4 35·3 1693·7 27·8 1569·1 30·9 785·8 13·2 730·6 18·7 <0·0001 <0·0001
Fermented red pepper paste 126·3 6·1 203·1 9·8 273·0 13·9 260·0 8·2 274·1 8·4 213·1 6·1 195·1 11·6 <0·0001 <0·0001
Fermented soyabean paste 442·5 17·6 594·4 24·5 568·3 17·7 570·5 13·1 559·7 15·4 410·9 11·5 374·0 16·5 <0·0001 <0·0001
Soya sauce 478·0 16·5 456·8 14·6 582·7 17·0 519·1 10·6 505·8 10·5 471·9 13·0 468·5 17·0 0·3754 0·0009
Salt-fermented seafood 163·1 12·9 145·9 18·2 106·4 9·0 111·1 6·8 115·9 7·5 77·9 4·1 76·0 6·1 <0·0001 <0·0001
Pickled vegetables 61·7 4·7 94·2 7·7 101·0 5·6 106·4 4·2 135·9 5·3 134·2 5·4 130·9 8·0 <0·0001 0·0091
Total fermented foods 3264·0 60·6 3490·0 64·8 3437·8 50·0 3260·7 36·6 3160·5 40·9 2093·7 25·5 1975·0 37·0 <0·0001 <0·0001

Women 4021 3839 3608 9595 10 265 9357 3190
Daily Na intake (mg) 4387·3 69·9 4936·5 73·0 4971·2 60·6 4106·9 35·6 4219·0 39·2 3386·7 30·6 3171·6 50·3 <0·0001 <0·0001
Na intake (mg)
Kimchi 1607·9 36·7 1720·7 40·3 1378·2 23·9 1226·1 20·9 1054·3 20·5 518·9 9·0 492·0 13·1 <0·0001 <0·0001
Fermented red pepper paste 80·2 3·7 121·5 6·6 196·8 7·2 150·6 4·9 154·1 5·0 136·8 4·1 120·5 6·7 <0·0001 0·0001
Fermented soyabean paste 333·5 13·9 514·0 22·0 436·3 14·3 372·5 10·3 372·5 9·4 264·8 6·6 254·8 9·9 <0·0001 <0·0001
Soya sauce 395·0 15·6 368·6 14·4 459·3 13·0 347·9 7·3 373·9 8·1 354·3 7·3 332·3 10·7 <0·0001 0·1582
Salt-fermented seafood 113·7 9·0 105·4 9·6 100·0 9·0 67·0 4·9 67·5 3·4 55·4 3·5 47·8 3·6 <0·0001 0·0005
Pickled vegetables 42·6 3·6 77·5 5·1 75·0 4·3 91·2 3·4 109·1 3·8 117·8 5·0 104·5 7·0 <0·0001 0·0355
Total fermented foods 2572·9 47·2 2907·6 54·5 2645·5 33·5 2255·4 26·2 2131·3 24·8 1447·9 15·7 1351·8 23·1 <0·0001 <0·0001

*P for trend by multivariate linear regression, adjusting for age.
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could be attributed to greater awareness of the negative
influence of excessive Na consumption in Korea(26). One
plausible reason for the awareness could be a campaign
to promote eating less Na that was initiated by the
Ministry of Food and Drug Safety in 2012. This campaign
even resulted in numerous manufacturers producing
low-Na products voluntarily(27). Also, information on the
negative impact of high Na intake has been presented in
numerous types of media and literature throughout the
years. For example, it has been reported that the incidence
of osteoporosis and hypertension in Korea is related to high
Na consumption for postmenopausal women(28). Also,
experts have elaborated on the importance of reducing
dietary Na as decreased salt intake lowers blood pressure
and this could be protective against end-organ damage
from diabetes(29). This message may have been effective.
A Korean study by Kang et al. observed that those with
diabetes consumed less Na (4910 mg) overall than those
without the diabetes (5188 mg). Also, women recently
diagnosed with diabetes consumed more Na (4314 mg)
than those previously diagnosed with diabetes
(3813 mg)(30). Although the prevalence of hypertension
did not change noticeably over time in Korea, hypertension

awareness increased dramatically from 1998 to 2016, spe-
cifically from 19·7 to 64·9 % in men and from 29·6 to 66·8 %
in women(6). This increased awareness might have been an
influence on the decline in Na consumption over time,
which may be related to hypertension.

A meta-analysis by Kim et al. showed that greater fresh
vegetable intake was inversely related with the risk of gas-
tric cancer. However, the risk of gastric cancer was
increased with the consumption of processed vegetables
such as pickling or adding salt(31). Yet, the incidence rate
of stomach cancer decreased from 43·6 % in 1999 to
33·8 % in 2015 in Korea(32). It is plausible that the significant
trend for decreased fermented foods over time could be
related to the concomitant declining risk in gastric cancer.

A strength of the present research is that existing
KNHANES data from 1998 to 2016 were utilized for the
trend analysis. It is the first to examine trends in fermented
food intake, specifically six categories which represent the
significant types of fermented foods in Korea, and trends in
Na consumption from each fermented food over time with
a representative Korean population. Estimation of Na con-
sumption of individuals via a 24 h dietary recall is a chal-
lenge since the precise amount of Na in cooked dishes is

Table 4 Trend in percentage contribution of sodium intake from fermented foods to total daily sodium intake for Korean adults, aged ≥19
years, from the 1998 to 2016 Korea National Health and Nutrition Examination Surveys (KNHANES)

KNHANES

I
(1998)

II
(2001)

III
(2005)

IV
(2007–2009)

V
(2010–2012)

VI
(2013–2015)

VII
(2016) P for trend*

n or
% SE

n or
% SE

n or
% SE

n or
% SE

n or
% SE

n or
% SE

n or
% SE

1998 to
2016

2007–
2009 to
2016

Men 3466 3240 2903 6553 7094 6646 2214
Na intake
Kimchi 35·7 0·6 33·3 0·5 29·2 0·4 29·2 0·5 26·6 0·4 19·0 0·4 17·8 0·4 <0·0001 <0·0001
Fermented red

pepper paste
2·5 0·1 3·6 0·2 4·2 0·2 4·3 0·1 4·5 0·2 4·4 0·1 4·3 0·1 <0·0001 0·8111

Fermented
soyabean paste

8·3 0·3 9·7 0·3 9·1 0·3 9·5 0·3 9·4 0·3 9·1 0·3 8·8 0·2 0·8820 0·0325

Soya sauce 8·7 0·3 7·7 0·2 9·2 0·2 8·8 0·2 8·6 0·2 9·8 0·2 10·1 0·2 <0·0001 <0·0001
Salt-fermented

seafood
2·4 0·1 2·0 0·1 1·4 0·1 1·7 0·1 1·7 0·1 1·6 0·1 1·6 0·1 <0·0001 0·4138

Pickled vegetables 1·2 0·1 1·6 0·1 1·8 0·1 1·9 0·1 2·4 0·1 2·8 0·1 2·8 0·1 <0·0001 <0·0001
Total fermented

foods
58·8 0·5 57·9 0·5 54·9 0·5 55·5 0·5 53·2 0·5 46·7 0·1 45·4 0·3 <0·0001 <0·0001

Women 3995 3799 3580 9500 10 174 9231 3137
Na intake
Kimchi 36·3 0·6 34·0 0·5 28·7 0·4 29·9 0·3 25·5 0·3 18·2 0·5 18·2 0·4 <0·0001 <0·0001
Fermented red

pepper paste
2·1 0·1 2·7 0·1 4·1 0·1 3·7 0·1 3·8 0·1 4·0 0·2 3·9 0·2 <0·0001 0·1730

Fermented
soyabean paste

8·2 0·3 10·2 0·3 9·4 0·3 9·5 0·2 9·6 0·2 9·3 0·3 9·3 0·3 0·5591 0·3750

Soya sauce 9·5 0·3 7·4 0·2 9·4 0·2 8·6 0·2 9·1 0·2 10·4 0·3 11·0 0·3 <0·0001 <0·0001
Salt-fermented

seafood
2·3 0·2 1·9 0·1 1·7 0·1 1·5 0·1 1·5 0·1 1·6 0·1 1·5 0·1 <0·0001 0·7415

Pickled vegetables 1·1 0·1 1·7 0·1 1·6 0·1 2·3 0·1 2·7 0·1 3·3 0·2 3·2 0·2 <0·0001 <0·0001
Total fermented

foods
59·4 0·5 57·9 0·5 55·0 0·4 55·5 0·3 52·2 0·3 46·8 0·6 47·0 0·6 <0·0001 <0·0001

*P for trend by multivariate logistic regression.
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difficult to define. However, KNHANES provides the most
accurate examination of the Korean population at this
time(33,34). This trend analysis is important information for
health professionals, as fermented foods remain the most
popular side dishes of Korean meals. The data suggest that
individuals should reduce Na intake and that health
professionals should continue to provide education on
the effects of Na intake related to health. Yet, a number
of limitations exist. Methods used to collect samples
changed from triennially to annually between 1998 to
2005 and 2007–2009 to 2016. Thus, P for trend tests were
performed separately for 1998 to 2016 and 2007–2009 to
2016 in the tables due to this reason. Also, the 24 h dietary
recall method utilized does not capture habitual intake
because individuals do not consume the same foods every
day. In addition, this trend analysis was not focused on
finding associations between fermented food intake and
disease, but solely on identifying consumption trends.
Therefore, variables such as weight and total energy intake
were not adjusted for in the multivariate model. Further
research could be undertaken to examine trends in K intake
from fermented foods over time to determine if a close rela-
tionship with Na exists.

Conclusion

Consumption of fermented foods, especially kimchi, by
Korean adults decreased significantly over time from
1998 to 2016. Also, Na intake overall, and Na intake per
day, from total fermented foods was considerably reduced.
Although pickled vegetable intake and Na intake from
pickled vegetables increased noticeably over time, these
condiments contribute only a small portion of the
Korean diet. The downward trends in Na consumption
overall are positive; however, a reduction in the addition
of Na to fermented foods during the manufacturing process
could help further lower total Na intake. The present
research on trends in food consumption can help to iden-
tify the influence of fermented foods on potential health
and help guide the development of future dietary recom-
mendations in Korea.
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