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BACKGROUND/OBJECTIVES: The purpose of this study is to analyze daily kimchi, vegetable and fruit consumption by general
characteristics and vegetable and fruit consumption from 1998 to 2012 by the Korean population based on the data of the
KNHANES (Korea National Health and Nutrition Examination Survey).

SUBJECTS/METHODS: This study is based on the 1998-2012 KNHNES. Analysis data on 54,700 subjects aged 19 years and older
were obtained from health behavior interviews and the 24-hour dietary recall method.

RESULTS: Daily kimchi consumption and portion size of kimchi decreased significantly from 1998 to 2012 (adjusted P for trend
< 0.0001). Meanwhile, daily consumption of both non-salted vegetable and fruit with and without kimchi did not significantly
change between 1998 and 2012. Reduced consumption of kimchi, non-salted vegetable, and fruit was observed for both genders
as well as daily meal episodes and cooking locations. Male and female subjects with insufficient non-salted vegetable and
fruit intake were increased 1.4 times and 1.3 times, respectively, in 2012 than 1998. All subjects consumed at least 400 g/day
of non-salted vegetable, fruit, and kimchi in each survey year, although they consumed insufficient amounts (<400 g/day)
of non-salted vegetable and fruit without kimchi.

CONCLUSIONS: Since Koreans generally consume high amounts of fermented vegetables, including kimchi, total vegetables
and fruit. Consumption of these foods by the Korean adult population reached 400 g, which is the recommended intake
of the WCRF/AICR. Based on this result, it is necessary to promote consumption of kimchi in the Korean population and research

the development of low sodium kimchi in the future.
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INTRODUCTION

Kimchi is a traditional Korean fermented food and basic side
dish of the Korean diet. It was published in a famous health
magazine that Kimchi is one of the five healthiest foods in the
world [1]. Kimchi is made from various vegetables, red pepper,
other spices, and fermented seafood and is rich in various
vitamins, minerals, dietary fiber, and other biological components
[2]. Moreover, the annual tradition Gimjang involves preparing
and storing a large quantity of kimchi for the winter season
[3]. Gimjang culture was registered in the Intangible Cultural
Heritage of Humanity list of United Nations Educational,
Scientific and Cultural Organization (UNESCO) in 2013. This
achievement can be used to draw international attention to
Korean kimchi. Many studies have reported the beneficial
effects of kimchi, including its anti-obesity [4], anti-asthma [5],

anti-cancer [6], anti-oxidative [7], anti-atherosclerotic [8], and
cholesterol- lowering effects [9].

Diets rich in vegetables and fruit are associated with healthy
effects based on studies examining trends in vegetable intake
[10-14] and effects on disease prevalence [15-17]. The World
Health Organization (WHO) and World Cancer Research Fund/
American Institute for Cancer Research (WCRF/AICR) recommend
at least 400 g of vegetable and fruit daily [18,19]. In Korea, the
objectives of the National Health Plan 2020 included increasing
vegetable and fruit intake up to 50% in Koreans, who already
eat more than 500 g of vegetables and fruit per day [20]. Since
kimchi is an important source of vegetable intake in Korea,
assessing vegetable intake through changes in kimchi
consumption is important.

Many researchers have reported the perception and preferences
of consumers related to kimchi [21], development of kimchi
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menu items for school foodservice [22,23], physicochemical,
sensory, and functional qualities of ingredients [24-31], and the
functional properties of lactic acid bacteria from kimchi [1,32].

The Korea National Health and Nutrition Examination Survey
(KNHANES) is used to obtain stratified, multistage probability
data on Korean households. These data could reflect charac-
teristics of the general Korean population. Studies on food
intake based on KNHANES data have examined Korean dietary
patterns [33], including consumption of rice and whole grains
[34,35], eggs [36], beef and processed meat [37,38], ramen and
noodles [39], and vegetables and fruit [14,40-42]. However,
studies on average kimchi intake in the Korean population have
never been performed other than to examine physicochemical,
sensory, or preference characteristics using a convenient sampling
method.

Therefore, the purpose of this study was to analyze daily
kimchi consumption by general characteristics and vegetable
and fruit consumption from 1998 to 2012 in the Korean
population based on data from the KNHANES.

SUBJECTS AND METHODS

Study population

The study was based on the 1998-2012 KNHNES. Analysis data
on 54,700 subjects (1998: n =7,501, 2001: n =7,092, 2005: n =
6,526, 2007: n=2,939, 2008: n =6,274, 2009: n = 6,974, 2010:
n=5,944, 2011: n=5,884, 2012: n=5,566) aged 19 years and
older by using a health behavior interview and 24-hour dietary
recall method were obtained. Individuals who ate less than 500
kcal or more than 5,000 kcal of daily total caloric intake were
excluded to minimize any biases.

General characteristics

General characteristics of subjects included gender, age,
marital status, residential area, occupation status, educational
level, and household income. We classified subjects into 19 to
29, 30 to 49, 50 to 64, 65 to 74, and 75 years and older for
age and low, middle-low, middle-high and high for household
income, city and rural area for residential area.

Categorization of meal occasion and serving place

For analysis of meal occasion, we categorized meal occasion
into breakfast, lunch, and dinner by using the daily meal
(N_meal) in the 24-hour recall method. Cooking location was
categorized into home meal, commercial place meal, and
institutional meal by meal type variable (N_mtype) based on
studies of Chung et al. [39] and Kwon et al. [43]. Homemade
meals consisted of home-prepared meals, lunch boxes, and
meals prepared by neighbors and relatives. Commercial meals
included Korean, Western, Japanese, and Chinese food, fast
food, foods made of flour, snack bars, packed foods, instant
noodles, bread/cookies, street food, and others. Institutional
meals were classified as industry, school, day care/kindergarten,
senior-citizen center, free, religious community, and others.

Analysis of kimchi intake
Kimchi intakes were analyzed by using the variables of
secondary food name (n_fname2), dish name (n_dname), and

food intake (nf_intk) based on the 24-hour recall method.
Kimchi included baechu (chinese cabbage) kimchi, godulbaegi
(Korean lettuce, Ixeris sonchifolia H.) kimchi, gat (mustard leaf)
kimchi, ggakdugi (diced radish kimchi), buchu (Korean-leek)
kimchi, pa (scallion) kimchi, oisobaki (stuffed cucumber kimchi),
seokbakji (radish and various vegetable kimchi), nabak kimchi
(radish watery kimchi), dongchimi (water based radish kimchi),
yeolmu (young summer radish) kimchi, altarimu (young radish)
kimchi, bossam (wrapped kimchi) kimchi, sunmu (turnip) kimchi,
yuchae (canola) kimchi, baek (white kimchi), geotjeoli (fresh
kimchi), and ggaennip (perilla leaf) kimchi.

Intake of vegetables and fruits

To analyze intake of vegetables and fruit, starch vegetables
(potato, sweet potato, corn, and etc.), dried vegetables, and
salted vegetables (salted and pickled vegetables) were excluded.
We analyzed and calculated on intakes of fresh fruit except
canned fruits with sugar and fruit juice based on the study of
Kwon et al. [44].

Statistical analysis

Analyses were performed with stratified sampling weights by
using SAS software (version 9.2; SAS Institute, Cary, NC, USA),
as the KNHANES consists of a multistage stratified cluster
sampling design. The data results were in the form of weighted
%, mean values, and standard errors. Chi-square test (x’-test)
was performed to identify significant differences among categorical
variables through the surveyfreq procedure, and significant
differences among continuous variables were verified through
the surveymean procedure. Average age and kimchi intake by
survey year were reported as mean values and standard errors
and determined as P for trend by using the surveyreg
procedure. When the results showed a significant difference (a
=0.05), Tukey test was performed for verification of signifi-
cance. For analysis of nutrient intakes, descriptive statistics were
generated for mean values and standard errors of nutrient
intake using survey year as an independent variable and nutrient
intake as a dependent variable. Trends in increased/decreased
kimchi intake by survey year were determined after adjusting
for age and energy intake. Based on the surveylogistic procedure,
the odds ratio (ORs) and 95% confidence interval (Cl) were
obtained.

RESULTS

General characteristics

General characteristics of subjects are presented in Table 1.
Among the 54,700 subject study sample, 50.5-50.8% were
women. For distribution of age, those aged 30-40 years
constituted more than 40% of subjects by survey year, whereas
those aged 75 years and over constituted the least number.
Percentage of individuals with 12 years of education decreased
from 39.5% in 1998 to 30.9% in 2012, whereas the percentage
of those with 12 years of education and over increased from
26.4% in 1998 to 43.1% in 2012. For residential area, approxi-
mately 81% of subjects lived in cities, whereas only 19% of
subjects lived in rural areas. The proportion of employed
individuals increased by around 3.5% from 1998 to 2012,
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Table 1. The general characteristics of the subjects

Trends in kimchi consumption among Korean adults

1998 2001 2005 2007 2008 2009 2010 2011 2012
(n=7501) (n=7092) (n=6526) (n=2939) (n=6274) (N=6974 (n=5944) (n=5884) (N=5566)  Pp.yalue?
n %" n % n % n % n % n % n % n % n %
Gender
Male 3480 493 3,253 494 2918 495 1,198 492 2480 494 2914 495 2475 493 2425 493 2229 493 0.999
Female 4,021 507 3839 506 3608 505 1741 508 3,794 506 4,060 505 3469 50.7 3459 507 3,337 507
Age (yrs)
19-29 1,550 267 1,370 255 1,045 222 331 20.8 763 205 946 199 692 195 643 191 582 186
30-49 3,327 456 3406 459 3,025 462 1205 454 2511 446 2670 439 2251 431 2079 426 1,837 418
50-64 1,650 180 1400 182 1452 196 692 208 1542 215 1,736 224 1613 233 1674 239 1562 246 <0.0001
65-74 683 6.5 626 7.1 719 8.1 501 8.6 979 87 1,074 8.7 942 87 942 89 996 9.0
=75 291 32 290 33 285 4.0 210 4.5 479 4.7 548 5.0 446 53 546 5.6 589 59
Average age 413+03%  418+03°  433+03° 442406 445+04®  449+04®  452+05" 456+05° 458+04°  <0.00017
Marital status
Married 6299 792 5902 778 5450 775 2372 840 5473 800 5988 793 5170 788 5115 785 4811 770 <0.0001
Single 1,202 208 1,189 222 1,069 225 232 160 765 200 968 207 770 21.2 749 215 734 230
Residential area
City 4,750 788 5529 805 5145 815 2,124 797 4736 840 5309 828 4734 790 4,755 822 4451 809 0.2512
Rural area 2,751 212 1563 195 1,381 185 815 203 1,538 160 1665 172 1210 210 1129 178 1,115 19.1
Job
Employed 4611 598 4,140 593 3938 61.1 1315 564 3364 600 3804 616 3,189 642 3,084 636 2795 633 <0.0001
Unemployed 2,800 402 2950 40.7 2583 389 1241 436 2538 400 2765 384 2292 358 2305 364 2159 36.7
Education Level (yrs)
<12 yrs 3232 345 2400 314 2223 288 1,094 305 2458 298 2575 291 1990 285 1978 279 1813 260 <0.0001
12 yrs 2606 391 2524 375 2244 355 750 326 1684 311 1913 315 1503 282 1,525 307 1368 309
>12 yrs 1,663 264 2160 31.1 2056 357 760 369 1,777 391 2080 395 1988 433 188 414 1772 431
Household income
Low 1,684 187 1435 215 1412 193 616 165 1,305 156 1520 169 1,249 179 1,179 160 1,095 147
Middle-low 1,753 220 1646 252 1645 26.0 720 259 1594 265 1613 235 1470 262 1554 286 1432 272 <0.0001
Middle-high 2,149 307 1660 258 1,731 282 712 284 1571 282 1867 292 1600 294 1,581 293 1430 293
High 1915 286 1939 275 1,675 265 729 291 1,599 297 1,894 304 1550 265 1,505 262 1511 288

Y Weighted %

) Pvalue by chi-square

) Pvalue by one-way anova from proc surveyreg procedure of SAS
‘' Mean + SE

5]

3

2 Different superscript letters mean significantly different between year and age group at @ =0.05 level by Tukey's multiple comparison,

whereas the proportion of unemployed declined from 40.2%
in 1998 to 36.7% in 2012. For household income level, the
proportion of the low household income group decreased by
approximately 4.0% from 18.7 to 14.7%. However, the proportion
of the middle-high and high household income group did not
significantly change from 1998 to 2012. The proportion of obese
individuals increased from 22.6% in 1998 to 30.6% in 2012.

Daily consumption of kimchi by general characteristics

Daily mean consumption of kimchi by general characteristics
from 1998 to 2012 is shown in Table 2. Daily mean consumption
of kimchi decreased among all general characteristics (gender,
age, residential area, marital status, job status, education level,
and household income) from 1998 to 2012. With the unadjusted
for age or energy intake, subjects with female, aged 19 to 29,
married and unmarried, and unemployed among general
characteristics showed reduction of daily mean consumption
of kimchi from 1998 to 2012 (P for trend < 0.0001). Subjects

with female, aged 19 to 29, married and unmarried showed
reduction of daily mean consumption of kimchi with adjusting
for energy and age from 1998 to 2012 (P for trend < 0.0001)

Daily kimchi consumption by meal occasion and cooking location
and consumption of kimchi, fruit, and vegetables

Table 3 presents daily kimchi consumption by meal occasion
and cooking location, daily consumption of kimchi, non-salted
vegetable and fruit, and portion size of kimchi from 1998 to
2012. Daily kimchi consumption for unadjusted and adjusted
energy and age decreased in 2012 compared to 1998 (P for
trend < 0.05).

Daily consumption of non-salted vegetable and fruit did not
significantly change from 1998 to 2012, whereas that of kimchi
and non-salted vegetable and fruit reached more than 400 g,
which is the recommended guideline of the WCRF/AICR. Portion
size of kimchi for adjusted and unadjusted instances signifi-
cantly decreased in 2012 compared to 1998. For daily kimchi
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Table 2. Daily kimchi consumption of general characteristics by year
1998 2001 2005 2007 2008 2009 2010 2011 2012
(n=7501) (N=7092) (N=6526) (N=2939) (N=6274) (N=6974) (N=5944) (n=5884) (n=>5566) Unadjusted Adjusted
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE P for wrend P for trend

Gender

Male 1541 36 1333 29 1194 27 1555 58 1561 38 1584 39 1541 39 1529 44 1363 4.2 0.0173 0.1672
Female 1219 27 1224 28 1020 23 1101 42 1156 26 1119 27 1069 28 1038 26 888 22 <0.0001 <0.0001
Age (yrs)Z)

19-29 1191 41 956 36 902 38 1052 76 1062 58 1047 42 902 47 952 51 833 45 <0.0001 <0.0001
30-49 1436 33 1316 3.0 1148 29 1421 54 1427 34 1409 38 1363 29 1369 39 1175 39 0.1027 0.0408
50-64 1491 46 1512 47 1233 37 1417 79 1508 50 1537 50 1517 54 1444 48 1235 49 0.2099 0.0131
65-74 1476 85 1587 7.1 1170 45 1308 67 1446 56 1381 6.1 1404 63 1283 6.1 1305 6.5 0.0264 0.0021
=75 1270 143 1274 99 1006 73 1215 102 1099 76 1126 7.1 1150 84 1018 92 909 55 0.0056 0.0019
Marital status

Married 1438 30 1386 28 1159 23 1336 44 1409 29 1410 3.1 1378 29 1334 30 1190 29 <0.0001 <0.0001
Single 1148 47 899 36 931 39 1179 96 1130 59 1107 41 1016 50 1083 55 894 49 <0.0001 <0.0001
Residential area

City 1286 32 1195 26 1081 25 1261 47 1307 27 1318 29 1234 27 1254 31 1082 28 0.4192 0.2388
Rural area 1719 67 1616 62 1215 50 1573 88 1614 79 1495 82 1553 67 1398 74 1293 6.9 0.0011 0.0001
Job

Employed 1433 34 1308 29 1129 25 1364 53 1460 36 1423 36 1382 34 1390 35 1152 30 0.2688 0.0504
Unemployed 1296 34 1233 3.1 1072 30 1250 53 1208 29 1236 33 1166 33 1107 36 1071 44 <0.0001 0.0003
Education Level (yrs)

<12 yrs 1467 40 1450 41 1186 34 1383 69 1424 44 1437 47 1453 52 1324 50 1140 46 0.0012 0.0018
12 yrs 1400 3.7 1277 35 1138 34 1350 62 1433 40 1441 38 1418 46 1313 44 1254 49 0.6215 0.5864
>12 yrs 1229 38 1106 33 101.1 29 1216 52 1254 38 1217 36 1133 28 1242 43 1019 36 0.8120 03917
Household income

Low 1442 53 1418 55 1054 45 1335 74 1286 56 1284 54 1342 69 1178 56 1124 65 0.0003 0.0007
Middle-low 1454 52 1237 41 1163 37 1394 79 1340 43 1424 51 1302 45 1306 49 1175 56 0.2786 0.1121
Middle-high 1375 43 1293 38 1140 40 1307 63 1404 49 1386 40 1276 47 1342 53 1147 44 0.2620 0.1218
High 1280 42 1196 41 1048 33 1256 47 1365 45 1296 46 1320 44 1238 51 1047 42 0.6880 0.4485

Y Adjusted for age & energy intake (excluding age)
2 Adjusted for energy intake

consumption by meal occasion, kimchi consumption at breakfast,
lunch, and dinner also decreased in 2012 compared to 1998.
Specifically, kimchi consumption at breakfast for adjusted and
unadjusted instances significantly decreased (P for trend <
0.0001), and that at dinner for the adjusted instance significantly
decreased in 2012 compared to 1998 (P for trend = 0.0021).
Daily kimchi consumption of snacks increased in 2012 compared
to 1998, whereas that for adjusted and unadjusted instances
showed significant differences (P for trend < 0.0001). For daily
kimchi consumption by cooking location, the kimchi consumption
of home was significantly decreased in 2012 compared to 1998
for both adjusted and unadjusted instances (P for trend <
0.0001). However, daily kimchi consumption at commercial
locations significantly increased in 2012 compared to 1998 for
both adjusted and unadjusted instances (P for trend < 0.001).
The subjects consumed non-salted vegetable and fruit with less
than recommended level (400 g/day) tended to decrease since
2005 (n=5,076, 78.4%). However, more than half in subjects
insufficiently consumed as 67.6% of subjects in 2012. The
subjects consumed non-salted vegetable and fruit including
kimchi with <400 g/day increased as 53.7% in 2012 compared
to 48.5% in 1998 (P < 0.0001).

Daily kimchi consumption according to food intake, meal occasion,
and cooking location by gender

Table 4 presents daily kimchi consumption according to food
intake (kimchi, non-salted vegetable and fruit, non-salted
vegetable, fruit, and kimchi, and kimchi portion size), meal
occasion, and cooking location by gender. For males, daily
kimchi consumption significantly decreased in 2012 compared
to 1998 for adjusted and unadjusted instances (P for trend <
0.05). Daily consumption of non-salted vegetable, fruit, and
kimchi reached more than 400 g, which is recommended by
the WCRF/AICR from 1998 to 2012, whereas daily consumption
of non-salted vegetable and fruit did not significantly change
in 2012 compared to 1998. Daily kimchi consumption at
breakfast, lunch, and dinner decreased in 2012 compared to
1998 for both adjusted and unadjusted instances, whereas daily
kimchi consumption of snacks significantly increased in 2012
compared to 1998 for both instances (P for trend < 0.0001).
Daily kimchi consumption at home significantly decreased (P
for trend <0.0001), whereas that at commercial locations
significantly increased in 2012 compared to 1998 for both
instances (P for trend < 0.0001).

For females, daily kimchi consumption also significantly
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Table 3. Kimchi, vegetables, and fruit intake of subjects by year

Trends in kimchi consumption among Korean adults

1998 2001 2005 2007 2008 2009 2010 2011 2012 . .
(N=7,501) (1=7,092) (N=6526) (1=2939) (N=6274) (N=6974) (N=5944) (n=5884) (n=>5566) Unadjusted Adjusted
P for trend P for trend
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Food intake (g/day)
Kimchi intake 1378 29 1278 25 1106 23 1325 43 1356 28 1349 28 1301 28 1280 28 1122 27 0.0120 < 0.0001
non-salted vegetable + 360.1 7.5 3713 7.7 2769 50 349.1 107 3505 75 3453 7.0 3715 9.0 3481 7.7 3591 82 0.5690 0.1035
fruit intake
Non-salted vegetable + fruit 4979 7.9 499.0 83 3875 55 4816 108 486.1 79 4802 7.5 501.6 95 4761 80 4713 86 0.7080 0.0005
+ kimchi intake
Kimchi's one portion size 431 08 412 07 389 07 430 1.1 432 08 424 07 396 06 392 08 362 07 <0.0001 <0.0001
Daily meal (g/day)
Breakfast 465 12 420 11 347 1.0 400 19 412 12 408 12 388 12 387 12 330 1.1 <0.0001 < 0.0001
Lunch 435 10 398 08 372 09 466 16 472 11 460 1.0 440 1.1 430 1.1 376 1.1 0.4454 0.6789
Dinner 458 1.1 443 11 374 10 440 16 452 10 456 1.1 449 12 434 12 385 12 0.0658 0.0021
Snack 20 0.2 16 02 13 02 1.9 03 20 03 26 03 24 03 29 03 31 04 <0.0001 < 0.0001
Cooking location (g/day)
Home 1167 27 1076 25 885 21 950 41 992 27 1004 26 937 28 906 26 823 26 <0.0001 < 0.0001
Commercial location 158 08 168 08 177 09 304 17 322 12 305 1.1 278 12 288 13 241 10 <0.0001 <0.0001
Institution 53 06 33 03 44 04 71 08 42 05 40 04 86 0.7 86 07 57 05 <0.0001 < 0.0001
Ratio (n, weighted %)
Insufficient kimchi intake 4,388 586 4,119 59.3 4,111 62.5 1,837 585 3,839 57.9 4,436 61.4 3,834 62.1 3,925 63.5 3,943 67.7 <0.0001”
(< 40 g/day)
Insufficient fruit and 5090 664 4,530 64.8 5076 784 2,022 69.0 4,376 69.7 4,802 69.2 3,905 66.3 3927 69.0 3,638 67.6 <0.0001”
non-salted vegetable intake
(< 400 g/day)
Insufficient fruit and 3,667 485 3,236 47.2 3,997 615 1,511 509 3,304 51.8 3,603 51.6 2,884 49.2 2948 52.1 2,869 53.5 <0.0001?

non-salted vegetable +
Kimchi intake (<400 g/day)

" Adjusted for age & energy intake
2 Pvalue by chi-square test

decreased in 2012 compared to 1998 for both adjusted and
unadjusted instances (P for trend < 0.0001). Daily consumption
of non-salted vegetable, fruit, and kimchi reached more than
400 g, which is recommended by the WCRF/AICR from 1998
to 2012, whereas daily consumption of non-salted vegetable
and fruit showed no significant difference in 2012 compared
to 1998. Daily kimchi consumption at breakfast, lunch, and
dinner decreased in 2012 compared to 1998. Especially, daily
kimchi consumption at lunch and dinner significantly decreased
in 2012 compared to 1998 for both adjusted and unadjusted
instances (P for trend < 0.0001). Daily kimchi consumption at
home by females significantly decreased (P for trend < 0.0001),
whereas that at commercial locations significantly increased in
2012 compared to 1998 for both instances (P for trend < 0.0001).
The subjects consumed non-salted vegetable and fruit including
kimchi with <400 g/day increased as 56.7% in 2012 compared
to 49.7% in 1998 (P < 0.0001).

Odds ratios of insufficient kimchi, vegetable, and fruit consumption
by survey year

Odds ratios of kimchi, vegetable, and fruit consumption < 40
g per day (daily recommended amount) by survey year are
shown in Table 5. The proportion of subjects with insufficient
intake of kimchi increased 1.4 times at 2011 and 1.6 times in
2012 compared to 1998 (P for trend < 0.0001). After adjustment
for age and energy intakes, the proportion of subjects with

insufficient intake of kimchi increased 1.5 times in 2011 and
1.7 times in 2012 compared to 1998 (P for trend < 0.0001). The
proportion of males with insufficient intake of kimchi increased
more than 1.3 times in 2012 compared to 1998 after adjustment
for age and energy intake (P for trend < 0.0001). The proportion
of females with insufficient intake of kimchi increased appro-
ximately 2-fold in 2012 compared to 1998 after adjustment for
age and energy intake (P for trend < 0.0001).

The proportion of subjects with insufficient intake of non-
salted vegetable and fruit except kimchi increased more than
1.1 times in 2011 and 1.2 times in 2012 compared to 1998 (P
for trend = 0.0098). After adjustment for age and energy intake,
the proportion increased more than 1.3 times in 2011 and 1.4
times in 2012 compared to 1998 (P for trend < 0.0001). The
proportion of males with insufficient intake of non-salted vege-
table and fruit except kimchi showed no significant difference
between 1998 and 2012 but increased 1.4 times in 2012 after
adjustment for age and energy intake (P for trend < 0.0001).
Meanwhile, the proportion of females with insufficient intake
of non-salted vegetable and fruit consumption except kimchi
increased 1.3 times in 2012 compared to 1998 for both instances
(P for trend < 0.0001).

For subjects with insufficient intake of non-salted vegetable,
fruit, and kimchi, all subjects showed no significant differences
between 1998 and 2012. After adjustment for age and energy
intake, it is shown that subjects with insufficient intake of



Table 4. Kimchi, vegetable, and fruit intake by year

Eun-Kyung Kim et al.

193

1998 2001 2005 2007 2008 2009 2010 2011 2012 . .
1998 (n=7501) (N=7,092) (N=6526) (N=2939) (N=6274) (N=6974) (N=5944) (n=5884) (n=>5566) UYnadjusted Adjusted
(n=7,501) P for trend P for trend
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Male
Food intake (g/day)
Kimchi intake 1541 36 1333 29 1194 27 1555 58 156.1 3.8 1584 39 1541 39 1529 44 1363 4.2 0.0227 < 0.0001
Non-salted vegetable + 3522 84 3579 85 2875 62 3572 129 3575 10.1 346.1 85 3703 100 3539 94 3539 103 0.1290 0.0086
fruit intake
Non-salted vegetable +fruit 506.2 89 4912 93 4069 69 5127 140 513.6 10.7 5045 9.7 5244 10.7 506.8 10.2 490.2 10.8 0.0227 0.0123
+ kimchi intake
Kimchi's portion size 462 10 423 1.1 409 08 480 14 488 1.1 484 10 451 09 447 12 417 11 0.6048 0.9280
Daily meal (g/day)
Breakfast 514 16 420 14 356 12 446 26 453 15 449 15 438 17 443 19 387 15 <0.0001 < 0.0001
Lunch 490 14 415 10 410 12 551 24 553 17 553 15 533 16 512 17 452 19 <0.0001 0.0023
Dinner 507 15 475 14 409 12 531 24 528 15 547 17 533 17 533 21 478 18 0.0094 0.0963
Snack 29 04 23 03 20 03 27 05 27 05 35 04 36 05 41 06 45 08 0.0004 0.0177
Cooking location (g/day)
Home 1237 33 1079 29 899 25 1024 56 1016 36 1068 3.5 1005 40 985 38 927 40 <0.001 <0.0001
Commercial location 226 13 209 11 238 15 420 26 477 21 454 18 394 19 417 22 348 18 <0.001 <0.0001
Institution 78 09 45 05 57 06 112 15 69 09 62 07 142 14 127 12 88 09 < 0.0001 < 0.0001
Ratio (n, weighted %)
Insufficient kimchi intake 1,867 54.1 1,833 57.7 1,751 592 658 509 1,330 50.1 1,614 53.1 1,403 545 1,439 558 1,420 60.0 <0.0001?
(<40 g/day)
Insufficient fruit and 2,402 679 2,143 67.0 2,223 772 807 684 1,739 703 1,996 69.6 1,620 658 1,601 686 1442 685 <0.0001?
non-salted vegetable intake
(<400 g/day)
Insufficient fruit and 1,627 472 1,497 48.1 1,666 579 546 455 1,209 48.0 1,387 483 1,082 45.1 1,104 48.2 1,033 50.2 <0.0001?
non-salted vegetable +
kimchi intake (<400 g/day)
Female
Food intake (g/day)
Kimchi intake 1219 2.7 1224 28 1020 23 1101 42 1156 26 1119 27 1069 28 1038 26 888 22 <0.0001 <0.0001
Non salted vegetable + 3679 89 3843 86 2666 54 3413 13.0 3437 73 3446 88 3726 109 3425 86 3642 109 0.6192 0.4279
fruit intake
Non salted vegetable + fruit 489.8 9.4 506.7 93 3686 6.0 4514 129 4593 7.8 4564 9.2 4795 113 4463 86 4530 114 0.0047 0.0278
+ kimchi intake
Kimchi's portion size 402 07 402 07 370 07 381 11 376 08 365 07 342 07 339 08 308 0.7 <0.0001 <0.0001
Daily meal (g/day)
Breakfast 417 12 421 12 338 11 356 1.7 372 12 367 11 340 13 333 12 274 10 0.0104 < 0.0001
Lunch 382 1.1 381 10 336 09 382 19 394 1.1 369 1.1 349 1.1 349 12 301 08 < 0.0001 < 0.0001
Dinner 410 11 412 12 340 10 352 16 377 10 367 11 368 12 337 11 294 1.1 < 0.0001 < 0.0001
Snack 11 02 09 02 06 01 11 03 13 02 16 03 12 02 18 02 18 03 <0.0001 < 0.0001
Cooking location (g/day)
Home 1099 27 1074 27 871 22 878 38 98 26 942 27 871 27 829 26 723 22 <0.0001 < 0.0001
Commercial location 91 06 128 07 117 07 192 17 171 10 159 07 165 09 163 1.1 138 08 <0.0001 <0.0001
Institution 29 04 22 03 32 04 32 06 16 02 18 02 32 03 46 05 28 03 0.1029 0.0295
Ratio (n, weighted %)
Insufficient kimchi intake 2,521 63.0 2,286 60.8 2,360 65.7 1,179 65.8 2,509 655 2,822 69.5 2,431 69.6 2,486 71.0 2,523 75.2 <0.0001?
(< 40 g/day)
Insufficient fruit and 2,688 649 2,387 626 2,853 79.5 1,215 69.6 2,637 69.2 2,806 689 2,285 66.9 2,326 69.4 2,196 66.8 <0.0001?
non-salted vegetable intake
(<400 g/day)
Insufficient fruit and 2,040 49.7 1,739 464 2,331 65.1 965 56.2 2,095 555 2,216 54.8 1,802 53.2 1,844 559 1,836 56.7 <0.0001?

non-salted vegetable +
kimchi intake (<400 g/day)

" Adjusted for age & energy intake
% Pvalue by chi-square test
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Table 5. Odds ratio(Cl) of insufficient kimchi, fruit and vegetable intake by years

1998 2001 2005 2007 2008 2009 2010 2011 2012 P for trend

Total

Insufficient kimchi intake 1 1.256 1.600 1.066 1.064 1.205 1.276 1.401 1.648 < 0.0001

(<40 g/day) (1.102-1.433) (1.399-1.830) (0.881-1.289) (0.932-1.215) (1.053-1.377) (1.108-1.470) (1.220-1.609) (1.445-1.881)

Adjusted” 1 1.254 1.683 1.052 1.070 1.227 1.397 1.536 1.780 < 0.0001
(1.098-1.433) (1.466-1.931) (0.865-1.279) (0.935-1.224) (1.071-1.405) (1.211-1.612) (1.333-1.771) (1.556-2.037)

Insufficient non-salted vegetable 1 0.932 1.834 1.129 1.167 1141 0.999 1.128 1.058 04185

+ fruit + kimchi (< 400 g/day) (0.827-1.050) (1.623-2.073) (0.977-1.305) (1.039-1.311) (1.015-1.281) (0.884-1.130) (0.992-1.282) (0.935-1.197)

Adjusted” 1 0911 2.031 1.078 1.155 1.150 1.122 1.283 1.147 0.0017
(0.814-1.020) (1.809-2.281) (0.934-1.243) (1.031-1.293) (1.026-1.288) (0.997-1.263) (1.131-1.455) (1.018-1.293)

Insufficient non-salted vegetable 1 0.951 1.702 1.104 1.143 1133 1.031 1.156 1.223 0.0098

+ fruit (<400 g/day) (0.851-1.062) (1.525-1.900) (0.970-1.255) (1.024-1.276) (1.016-1.264) (0.922-1.153) (1.030-1.297) (1.089-1.374)

Adjusted” 1 0.928 1.931 1.054 1.136 1.148 1.189 1.348 1373 < 0.0001
(0.836-1.029) (1.737-2.146) (0.927-1.198) (1.021-1.264) (1.032-1.277) (1.068-1.323) (1.203-1.509) (1.227-1.535)

Male

Insufficient kimchi intake 1 1.361 1.734 0.824 0.873 1.006 1.114 1.180 1.253 0.2326

(<40 g/day) (1.149-1.611) (1.446-2.081) (0.630-1.078) (0.722-1.055) (0.830-1.219) (0.914-1.357) (0.957-1.454) (1.036-1.516)

Adjusted” 1 1.361 1.824 0.852 0910 1.061 1.239 1.322 1.380 < 0.0001
(1.148-1.613) (1.519-2.190) (0.651-1.115) (0.752-1.100) (0.876-1.286) (1.017-1.510) (1.070-1.633) (1.141-1.669)

Insufficient non-salted vegetable 1 0.960 1.600 1.027 1.120 1.083 0.912 1.036 1.029 0.5578

+ fruit + kimchi (< 400 g/day) (0.828-1.113) (1.375-1.862) (0.856-1.231) (0.953-1.317) (0.935-1.254) (0.781-1.064) (0.889-1.207) (0.878-1.205)

Adjusted” 1 0.940 1.842 1.060 1.202 1.197 1.146 1.347 1.253 < 0.0001
(0.813-1.088) (1.581-2.146) (0.881-1.275) (1.020-1.417) (1.032-1.389) (0.978-1.344) (1.151-1.576) (1.072-1.466)

Insufficient non-salted vegetable 1 1.037 1.543 0.935 1.035 1.045 0.921 1.042 1.128 0.4994

+ fruit (<400 g/day) (0.909-1.183) (1.352-1.760) (0.795-1.100) (0.900-1.192) (0.917-1.191) (0.799-1.062) (0.911-1.192) (0.968-1.314)

Adjusted” 1 1.021 1.795 0.975 1.119 1.163 1.181 1379 1.408 < 0.0001
(0.901-1.156) (1.574-2.048) (0.828-1.148) (0.973-1.287) (1.024-1.321) (1.027-1.359) (1.202-1.583) (1.210-1.638)

Female

Insufficient kimchi intake 1 1.180 1.504 1.273 1.229 1.382 1419 1.604 2.046 < 0.0001

(<40 g/day) (1.017-1.369) (1.306-1.732) (1.039-1.561) (1.067-1.414) (1.198-1.594) (1.219-1.652) (1.391-1.850) (1.778-2.354)

Adjusted” 1 1.179 1.551 1.200 1.186 1.347 1.475 1.655 2.108 < 0.0001
(1.014-1.370) (1.342-1.793) (0.970-1.485) (1.026-1.372) (1.163-1.560) (1.263-1.721) (1.430-1.915) (1.821-2.441)

Insufficient non-salted vegetable 1 0.906 2.098 1.237 1.213 1.198 1.091 1.224 1.085 0.0546

+ fruit + kimchi (< 400 g/day) (0.787-1.042) (1.828-2.409) (1.038-1.473) (1.070-1.375) (1.045-1.372) (0.950-1.254) (1.052-1.424) (0.932-1.264)

Adjusted” 1 0.869 2342 1.006 1.037 1.037 1.089 1.199 1.023 0.4459
(0.757-0.997) (2.045-2.682) (0.842-1.202) (0.913-1.177) (0.905-1.188) (0.949-1.250) (1.028-1.397) (0.878-1.193)

Insufficient non-salted vegetable 1 0.874 1.884 1.296 1.260 1.228 1.150 1.280 1.325 < 0.0001

+fruit (<400 g/day) (0.769-0.993) (1.664-2.133) (1.104-1.522) (1.115-1.424) (1.075-1.403) (1.005-1.316) (1.114-1.471) (1.152-1.525)

Adjusted” 1 0.836 2128 1.077 1.107 1.088 1.188 1.297 1317 < 0.0001

(0.736-0.948) (1.876-2.415) (0.912-1.272)

(0.976-1.254) (0.950-1.246) (1.041-1.356) (1.127-1.493) (1.144-1.516)

Y Adjusted for age & energy intake

non-salted vegetable, fruit, and kimchi increase 1.1 times in
2012 among total subjects (P for trend = 0.0017) and1.2 times
in 2012 among males (P for trend < 0.0001) compared to 1998,
whereas those of females showed no difference between 1998
and 2012.

DISCUSSION

This study shows trends in consumption of kimchi, vegetable,
and fruit among Korean adults using data from the KNHANES
from 1998 to 2012. Daily kimchi consumption and portion size
of kimchi decreased significantly from 1998 to 2012 (adjusted
P for trend < 0.0001). Meanwhile, daily consumption of both
non-salted vegetable and fruit with and without kimchi did
not significantly change between 1998 and 2012. Reduced
consumption of kimchi was observed for both genders as well
as daily meal episodes and cooking locations. All subjects
consumed at least 400 g/day of non-salted vegetable, fruit, and

kimchi in each survey year, although they consumed insufficient
amounts (<400 g/day) of non-salted vegetable and fruit
without kimchi.

According to general characteristics of subjects (gender, age,
residential area, marital status, job, educational level, and
household income), daily mean consumption of kimchi tended
to decrease from 1998 to 2012. In particular, women aged 19
to 29 years showed significantly decreased daily mean consump-
tion of kimchi (P for trend < 0.0001). Lee et al. [45] reported
that college students and young adults usually show irregular
eating habits, such as skipping breakfast, frequent eating-out,
smoking, and alcohol consumption. Moreover, as social and
economic changes lead to more working women, higher
household incomes, increasing number of single families, and
greater accessibility to fast food outlets and restaurants, the
dietary patterns of Koreans have changed from traditional meals
such as rice, soup, side dishes, and kimchi to a Westernized
meal pattern such as bread, meat, and fast or processed foods
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[46]. This change in dietary patterns is positively associated with
a general decline in daily kimchi consumption among young
adults. Regarding kimchi consumption by educational level,
subjects with <12 years of education showed significantly
decreased from kimchi consumption 1998 to 2012 (unadjusted
P trend = 0.0012, Adjusted P trend =0.0018). Hong et al. [40]
reported that kimchi intake by the low-educational group
increased, whereas vegetable and fruit consumption except
kimchi gradually decreased. Education may affect knowledge
of good nutrition and appropriate food choices. On the other
hand, kimchi is a traditional Korean side dish and easy to afford
and access as a main dish for general Koreans.

The WHO and WCRF/AICF recommend no less than 400 g
of fruit and non-starch vegetable every day [18,19]. However,
insufficient kimchi (<40 g/day) and fruit and non-salted
vegetable (<400 g/day) intake in subjects ratio significantly
increased from 1998 to 2012 (P < 0.0001). Lee et dl. [41] reported
that only 5.3% of subjects satisfied the recommended intake
of vegetables and fruit in the 2008 KNHNES. Especially,
consumption rates of adolescents aged 13 to 18 years and
adults aged 19 to 39 years were shown to decrease compared
to other aged groups.

Kwon et al. [44] reported 25.7% of Koreans satisfy the
recommended vegetable and fruit intake of 400 g/day. It was
reported that 33% and 27% of American adults satisfy the
recommended intake of vegetable and fruit, respectively, by the
Centers for Disease Control and Prevention (CDC) [47]. Many
studies have suggested that vegetable and fruit intake can
prevent chronic diseases such as cancer, diabetes, and cardio-
vascular disease since they contain essential vitamins, minerals,
fiber, and biological compounds [6,10,11,13-15]. Therefore,
sufficient intake of vegetables and fruit is very important to
maintain health.

For kimchi consumption of subjects by meal occasion, kimchi
consumption at breakfast decreased significantly from 1998 to
2012 (Unadjusted P trend < 0.0001, Adjusted P trend < 0.0001).
This can be attributed to skipping or eating a light breakfast.
Kwon & Ju [43] reported that proportions of skipping breakfast
increased from 11.8% in 1998 to 22.3% in 2012 among Korean
adults based on the KNHNES from 1998 to 2012. Regarding
cooking location, daily kimchi, vegetable and fruit consumption
of commercial and institutional places were increased signifi-
cantly (unadjusted P trend < 0.0001, Adjusted P trend < 0.0001).
This result can be attributed to a 2-fold increase in eating-out
from 21.4% in 1990 to 46.6% in 2011 among Koreans [43]. The
Korea Institute for Health and Social Affairs reported that
approximately 25% of Korean people regularly eat meals
provided by institutional foodservice, such as school, industry,
office, hospital, military, and welfare facilities, at least once a
day [48]. This result is closely associated with reduced kimchi
consumption at breakfast, which is usually eaten at home.
Therefore, kimchi consumption is increased when meals are
consumed at commercial or institutional places.

Regarding daily kimchi consumption by gender, both male
and female subjects showed significantly decreased kimchi
consumption between 1998 and 2012 (Adjusted P trend <
0.0001). In particular, kimchi consumption by females decreased
more than 2-fold from 1998 to 2012 (P for trend < 0.0001). Daily

consumption of non-salted vegetable, fruits, and kimchi by both
genders reached more than 400 g as recommended by the
WCRF/AICR from 1998 to 2012. Male and female subjects with
insufficient non-salted vegetable and fruit intake were increased
1.4 times and 1.3 times, respectively, in 2012 than 1998. Based
on this result, it is necessary to promote consumption of kimchi
among the Korean population and research the development
of low sodium kimchi in the future.

This study has some limitations. First, this study may not be
extrapolated to the general Korean population since it excluded
children and adolescents. Second, it is difficult to measure
general kimchi consumption due to the convenient sampling
survey of the one day 24-hour recall method, food intake
frequency, and within-person variation. Lastly, since many
studies have shown that kimchi contains a high amount of
sodium, it is necessary to investigate excellence and improvement
of kimchi based on objective data and experiments by analyzing
the relationship between kimchi intake and sodium-associated
diseases.
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