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ABSTRACT

Objectives: The importance of kimchi as a traditional food in Korean cuisine has
gradually decreased due to rapid industrialization, economic growth and changes in
dietary patterns in Korea. This study aimed to examine the shifts in kimchi
consumption by region and by income level between 2005 and 2015 in Korea.

Methods: Data from the Korea National Health and Nutrition Examination Surveys III
(2005) and VI (2015) were used in the study (n=15,558). Intake of kimchi was
estimated using a single 24-hour dietary recall. The sample weights were applied in all
analyses to reflect population estimates. All statistical analyses were carried out by
using SPSS IBM Statistics 20.

Results: Kimchi intake has significantly decreased by 27.6 g/day per capita during the
last decade in Korea; 25.0 g for males and 29.9 g for females, respectively. Over the
past decade, the decline of kimchi intake has been particularly significant in Seoul,
Busan, Incheon, Gyeonggi, and Gwangju, while there has been no significant change in
males living in rural areas. The consumption of kimchi across all income levels has
decreased, however, the decrease was higher in ‘middle and low income level’. The
amount of kimchi consumption in 2015 was the highest in ‘low income level’. The
results were similar after adjusting for gender and age.

Conclusions: For the past decade, the overall intake of kimchi in Korea has decreased,
however, it has been found that the decrease of kimchi intake for males living in the
rural areas was not significant. Therefore, in order to keep our traditional kimchi culture
and promote a balanced diet including kimchi for Korean, it is necessary to develop
more efficient policies and approaches. A variety of dishes using kimchi should be
developed, besides merely serving kimchi with rice as a side dish, to increase the
consumption of kimchi.
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Table 1. Disfribution of socio-demographic factors in KNHANES

2005 and 2015
L KNHANES"
Characteristics p-valug?
2005 2015
No. of individuals 8,930 6,628
Males (%) 4,167 (50.2)% 2,942 (50.0) 0.756
Age groups (%) in years
1-2 217 ( 2.1) 137( 1.8) < 0.001
3-5 403 ( 3.6) 209 ( 2.8)
6-11 889 ( 8.7) 448 ( 5.3)
12-18 895( 9.6) 528 ( 8.0)
19 - 64 5,622 (66.8) 3,849 (68.9)
65+ 1,004 ( 9.2) 1,457 (13.2)
Town (%)
Urban areas 7,191 (82.3) 5,375 (83.4) 0.712
Rural areas 1,739 (17.7) 1,253 (16.6)
Region (%)
Seoul 1,649 (20.8) 1,246 (19.5) 0.993
Busan 714 ( 7.5) 326 ( 6.7)
Daegu 475( 5.2) 376 ( 4.9
Incheon 484 ( 5.4) 426 ( 5.7)
Gwangju 287 ( 3.0) 233 ( 3.0
Daejeon 246 ( 3.0 240 ( 3.7)
Ulsan 247 ( 2.2) 120 ( 2.4)
Gyeonggi 1,706 (22.0) 1,575 (24.5)
Gangwon 297 ( 3.1) 263 ( 3.4)
Chungbuk 322(3.1) 198 ( 2.8)
Chungnam 318 ( 4.0) 305( 4.2)
Jeonbuk 447 ( 3.8) 254 ( 3.0
Jeonnam 379 ( 3.9) 215( 4.0)
Gyeongbuk 554 ( 5.5) 349 ( 4.8)
Gyeongnam 644 ( 6.5) 366 ( 6.3)
Jeju 161 ( 1.1) 136( 1.1)
Income (%)
Low 2,346 (26.3) 1,656 (25.3) 0.727
Middle-low 2,256 (25.9) 1,636 (25.1)
Middle-high 2,141 (24.1) 1,637 (24.5)
High 2,100 (23.7) 1,661 (25.1)

1) Korea National Health and Nufriion Examination Survey
(KNHANES)

2) Chi-squared test was applied to compare the percent
between 2005 and 2015.

3) Original number (weighted percent, %)
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Fig. 1. The composition of kimchi consumption between 2005 and 2005 in Korean population
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Fig. 2A. Mean difference (g) in per capita kimchi consumption by region and between 2005 and 2015
*p < 0.05, **: p < 0.01, ***: p < 0.001, Means were significantly different using student t-test
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Fig. 2B. Adjusted mean difference (g) in per capita kimchi consumption by region and by gender between 2005 and 2015
* p <005 *: p<0.01, *** p<0.001, Adjusted means were significantly different using ANCOVA
The values were adjusted for gender and age.

Table 2. Changes of kimchi consumption in KNHANES 2005 and 2015 by gender
Kimchi consumption per capita (g/day)

2005 2015 10 year change P value
N Mean =+ SE N Mean + SE
Total population
Total kimchi 8,930 123.90" + 1.98 6,628 96.34 + 1.97 -27.6 < 0.001%
Baechu kimehi® 8,930 89.94 £ 1.53 6,628 66.50 £ 1.62 -23.4 < 0.001
Kkakdug® 8,930 9.15 = 0.43 6,628 7.64 £ 0.49 -1.5 0.022
Male
Total kimchi 4,167 14016 = 2.68 2,942 116,156 £ 2.89 -25.0 < 0.001
Baechu kimchi 4,167 103.66 = 2.09 2,942 82.53 £ 2.39 -21.0 < 0.001
Kkakdugi 4,167 11.47 £ 0.62 2,942 9.71 £ 0.77 -1.8 0.075
Female
Total kimchi 4,763 107.48 = 1.91 3,686 77.55 £ 2.05 -29.9 < 0.001
Baechu kimchi 4,763 7618 £ 1.47 3,686 50.48 £ 1.64 -25.7 < 0.001
Kkakdugi 4,763 680 = 0.47 3,686 558 £ 0.42 -1.2 0.054
Gender and age-adjusted kimchi consumption per capita (g/day)
2005 2015 10 year change P value
N Mean =+ SE N Mean + SE

Total population
Total kimchi 8,930 127.00 = 1.97 6,628 93.31 £ 1.82 -33.7 < 0.001%
Baechu kimchi 8,930 91.63 £ 1.53 6,628 64.82 £ 1.59 -26.8 < 0.001
Kkakdugi 8,930 923 + 0.46 6,628 7.55 £ 0.58 -1.7 0.011
Male
Total kimchi 4,167 14409 + 2.68 2,942 111.37 £ 2.71 -32.7 < 0.001
Baechu kimchi 4,167 105.92 = 2.10 2,942 80.27 £ 2.30 -25.6 < 0.001
Kkakdugi 4,167 11.67 £ 0.63 2,942 952 + 0.76 -2.2 0.030
Female
Total kimchi 4,763 109.98 + 1.89 3,686 75.18 £ 1.97 -34.8 < 0.001
Baechu kimchi 4,763 77.41 £ 1.46 3,686 49.32 + 1.64 -28.1 < 0.001
Kkakdugi 4,763 680 = 0.46 3,686 558 + 0.43 -1.2 0.053

1) Mean daily per capita kimchi consumption

2) Student t-test was conducted to compare means per capita kimchi consumption between 2005 and 2015.
3) Baechu kimchi: napa cabbage kimchi, Kkakdugi: Korean radish kimchi

4) ANCOVA was performed and gender and age were adjusted.
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Table 3. Changes of kimchi consumption in KNHANES 2005 and 2015 by 16 cities and provinces of Korea

Kimchi consumption per capita (g/day)

2005 2015
10 year change P value
N Mean + SE N Mean + SE

Seoul
Total Kimchi 1,649  121.36" £ 371 1.246 82.88 = 3.87 -38.5 < 0.001%
Boechu kimchi® 1.649 90.25 = 357 1,246 57.11 £ 3.47 -33.1 < 0.001
Kkakdugi® 1,649 867 = 083 1,246 687 £ 1.10 -1.8 0.193
Busan
Total Kimchi 714 133.00 = 10.92 326 80.48 £ 6.41 -52.5 < 0.001
Baechu kimchi 714 91.96 £ 513 326 5121 £ 4.76 -40.8 < 0.001
Kkakdugi 714 1219 £ 1.99 326 890 £ 212 -3.3 0.260
Daegu
Total Kimchi 475 8459 + 4.7 376 101.29 £ 6.91 16.7 0.039
Baechu kimchi 475 67.08 £ 4.89 376 7399 £ 8.97 6.9 0.499
Kkakdugi 475 569 = 0.66 376 677 £ 218 1.1 0.634
Incheon
Total Kimchi 484 14193 = 851 426 8291 £ 8.03 -59.0 < 0.001
Baechu kimchi 484 10282 = 857 426 60.19 £ 516 -42.6 < 0.001
Kkakdugi 484 11.81 £ 1.38 426 704 £ 1.46 -4.8 0.018
Gwangju
Total Kimchi 287 141.81 = 13.03 233 98.56 = 14.86 -43.3 0.029
Baechu kimchi 287 106.45 = 11.19 233 69.85 £ 10.42 -36.6 0.017
Kkakdugi 287 1092 £ 1.75 233 899 £ 248 -1.9 0.548
Daejeon
Total Kimchi 246 129.61 = 827 240 107.50 £ 8.78 -22.1 0.068
Baechu kimchi 246 9954 + 8.33 240 71.39 £ 8.81 -28.1 0.021
Kkakdugi 246 580 = 1.99 240 881 £ 3.34 3.0 0.441
Ulsan
Total Kimchi 247 111.55 = 821 120 82.80 = 8.10 -28.8 0.013
Baechu kimchi 247 7940 = 472 120 63.38 £ 9.87 -16.0 0.144
Kkakdugi 247 9.78 = 0.89 120 7.33 £ 0.67 -2.4 0.029
Gyeonggi
Total Kimchi 1,706 129.46 = 486 1,575 99.71 £ 3.56 -29.8 < 0.001
Baechu kimchi 1,706 9249 + 340 1,575 67.41 £ 279 -25.1 < 0.001
Kkakdugi 1,706 972 + 110 1,575 887 £ 1.1 -0.9 0.585
Gangwon
Total Kimchi 297 174.02 = 15.68 263 133.97 £ 19.02 -40.0 0.105
Baechu kimchi 297 136.39 = 15.60 263 99.07 + 18.47 -37.3 0.124
Kkakdugi 297 982 = 411 263 7.78 £ 227 -2.0 0.664
Chungbuk
Total Kimchi 322 117.39 = 8.09 198 96.13 £ 11.13 -21.3 0.123
Baechu kimchi 322 89.64 + 7.47 198 69.29 £ 7.20 -20.3 0.051
Kkakdugi 322 662 = 090 198 301 £ 1.56 -3.6 0.046
Chungnam
Total Kimchi 318 143.09 = 8.39 305 11476 £ 8.80 -28.3 0.020
Baechu kimchi 318 8790 £ 6.44 305 70.38 £ 8.13 -17.5 0.092
Kkakdugi 318 1333 £ 329 305 9.61 £ 239 -3.7 0.360
Jeonbuk
Total Kimchi 447 129.68 + 10.54 254 11620 £ 12.21 -13.5 0.404
Baechu kimchi 447 98.95 £ 7.69 254 77.71 £ 6.48 -21.2 0.035
Kkakdugi 447 622 = 1.36 254 666 £ 219 0.4 0.864
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Kimchi consumption per capita (g/day)

2005 2015
10 year change P value
N Mean + SE N Mean =+ SE

Jeonnam

Total Kimchi 379 127.89 £ 8.10 215 113.06 £ 8.39 -14.8 0.204

Baechu kimchi 379 86.09 £ 6.13 215 77.35 £ 7.52 -8.7 0.369

Kkakdugi 379 10,75 £ 1.62 215 772 £ 245 -3.0 0.303
Gyeongbuk

Total Kimchi 544 88.41 =+ 6.05 349 96.85 = 10.81 8.4 0.496

Baechu kimchi 544 67.30 £ 5.09 349 68.62 £ 7.38 1.3 0.883

Kkakdugi 544 593 £ 1.29 349 469 £ 1.73 -1.2 0.567
Gyeongnam

Total Kimchi 644 105.99 £ 5.51 366 99.99 £ 9.75 -6.0 0.592

Baechu kimchi 644 71.01 £ 3.95 366 7215 £ 6.98 1.1 0.887

Kkakdugi 644 834 £ 1.28 366 751+ 224 -0.8 0.748
Jeju

Total Kimchi 161 11419 £ 10.19 136 68.42 £ 13.13 -45.8 0.006

Baechu kimchi 161 98.85 = 10.11 136 53.49 £ 11.46 -45.4 0.003

Kkakdugi 161 792+ 1.15 136 657 £ 1.33 -1.3 0.443

Gender and age-adjusted kilmchi consumption per capita (g/day)
2005 2015
10 year change P value
N Mean =+ SE N Mean * SE

Total population

Total kimchi 8,930 127.00 £ 1.97 6,628 93.31 £ 1.82 -33.7 <0.001%

Baechu kimchi 8,930 91.63 £ 153 6,628 64.82 £ 159 -26.8 < 0.001

Kkakdugi 8,930 923 £ 046 6,628 755+ 0.58 -1.7 0.011
Seoul

Total Kimchi 1,649 124.66 £ 3.76 1,246 79.94 £ 3.67 -44.7 < 0.001

Baechu kimchi 1,649 9232 £ 3.66 1,246 56.35 £ 3.30 -37.0 < 0.001

Kkakdugi 1,649 8.72 £ 0.86 1,246 688 £ 1.11 -1.8 0.197
Busan

Total Kimchi 714 135.67 £ 10.69 326 7813 £ 5.89 -57.5 < 0.001

Baechu kimchi 714 93.58 £ 5.46 326 49.83 + 510 -43.8 < 0.001

Kkakdugi 714 1223 £ 2.01 326 893 £ 2.08 -3.3 0.252
Daegu

Total Kimchi 475 87.36 =+ 4.45 376 98.55 =+ 7.56 11.2 0.208

Baechu kimchi 475 68.44 £ 472 376 7268 £ 9.35 4.2 0.682

Kkakdugi 475 571 £ 0.66 376 676 £ 221 1.1 0.651
Incheon

Total Kimchi 484 14549 £ 8.22 426 7942 £ 6.27 -66.1 < 0.001

Baechu kimchi 484 104.88 £ 8.31 426 58.08 £+ 4.25 -46.8 < 0.001

Kkakdugi 484 1219 £ 1.30 426 6.66 £ 1.30 -5.5 0.002
Gwangju

Total Kimchi 287 145.61 £ 12.44 233 95.19 + 14.22 -50.4 0.010

Baechu kimchi 287 108.22 £ 10.25 233 68.37 = 10.13 -39.8 0.007

Kkakdugi 287 1115 £ 1.97 233 8.80 £ 2.48 -2.3 0.453
Daejeon

Total Kimchi 246 13237 £ 7.48 240 103.80 £ 8.76 -28.6 0.015

Baechu kimchi 246 100.36 £ 7.30 240 69.40 £ 10.22 -31.0 0.016

Kkakdugi 246 610 £ 1.80 240 845 £ 3.11 2.4 0.508
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Table 3. continued

Gender and age-adjusted kimchi consumption per capita (g/day)
2005 2015

10 year change P value
N Mean + SE N Mean + SE

Ulsan

Total Kimchi 247 11321 £ 6.91 120 81.41 £ 8.12 -31.8 0.002

Baechu kimchi 247 80.02 £ 3.15 120 6292 + 9.75 -17.1 0.084

Kkakdugi 247 993 £ 092 120 721 £ 0.78 -2.7 0.029
Gyeonggi

Total Kimchi 1,706 133.21 £ 4.88 1,575 96.20 £ 3.09 -37.0 < 0.001

Baechu kimchi 1,706 9459 = 3.41 1,575 65.35 £ 254 -29.2 < 0.001

Kkakdugi 1,706 982+ 1.12 1,575 873 £ 1.13 -1.1 0.497
Gangwon

Total Kimchi 297 17611 £ 16.48 263 129.53 £ 15.86 -46.6 0.043

Baechu kimchi 297 137.61 £ 16.30 263 95.29 + 16.36 -42.3 0.068

Kkakdugi 297 9.92 £ 4.07 263 770 £ 215 -2.2 0.623
Chungbuk

Total Kimchi 322 121.10 £ 8.88 198 9212 £ 1222 -29.0 0.059

Baechu kimchi 322 91.75 £ 7.56 198 66.97 £ 7.75 -24.8 0.025

Kkakdugi 322 673 £ 1.01 198 288 £ 1.50 -3.8 0.031
Chungnam

Total Kimchi 318 14599 £ 9.05 305 112.08 £ 6.70 -33.9 0.003

Baechu kimchi 318 88.84 = 6.99 305 69.49 =+ 7.86 -19.4 0.064

Kkakdugi 318 13.41 £ 3.33 305 953 £ 248 -3.9 0.345
Jeonbuk

Total Kimchi 447 134.68 £ 10.98 254 112.82 £ 10.50 -21.9 0.160

Baechu kimchi 447 102.32 £ 7.60 254 75.46 £ 5.09 -26.9 0.004

Kkakdugi 447 608 £ 1.28 254 692 £ 238 0.8 0.763
Jeonnam

Total Kimchi 379 129.38 =+ 6.41 215 111.01 £ 7.24 -18.4 0.057

Baechu kimchi 379 86.80 £ 5.23 215 7611 £ 7.43 -10.7 0.236

Kkakdugi 379 10.82 £ 1.73 215 759 + 235 -3.2 0.272
Gyeongbuk

Total Kimchi 544 91.03 £ 645 349 94.86 £ 10.06 3.8 0.752

Baechu kimchi 544 69.18 =+ 528 349 6717 £ 7.21 -2.0 0.825

Kkakdugi 544 578 £ 1.25 349 488 = 1.70 -0.9 0.662
Gyeongnam

Total Kimchi 644 108.46 £ 5.94 366 97.03 £ 9.80 -11.4 0.321

Baechu kimchi 644 7218 £ 4.0 366 7040 £ 7.8 -1.8 0.828

Kkakdugi 644 8.45 t 1.27 366 742 £ 222 -1.0 0.682
Jeju

Total Kimchi 161 115620 £ 6.85 136 67.69 = 4.8 -47.5 < 0.001

Baechu kimchi 161 99.68 £ 7.16 136 5283 £ 4.34 -46.9 < 0.001

Kkakdugi 161 8.00 £ 1.47 136 654 £ 209 -1.5 0.568

1) Mean daily per capita kimchi consumption

2) Student t-test was conducted to compare means per capita kimchi consumption between 2005 and 2015.
3) Baechu kimchi: napa cabbage kimchi, Kkakdugi: Korean radish kimchi

4) ANCOVA was performed and gender and age were adjusted.
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Table 4. Changes of kimchi consumption in KNHANES 2005 and 2015 by income level
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Kimchi consumption per capita (g/day)

2005 2015
10 year change P value
N Mean =+ SE N Mean =+ SE
Low
Total Kimchi 2,346 123.54Y + 4.18 1,656 101.28° + 3.95 -22.3 < 0.0012
Boechu kimchi® 2,346 90.50 =+ 263 1.656 73.61° = 3.20 -16.9 < 0.001
Kkakdugi® 2,346 940 £ 0.85 1.656 6.70 = 0.81 -2.7 0.022
Middle-low
Total Kimchi 2,256 127.32 £ 2.96 1,636 97.23° + 3.62 -30.1 < 0.001
Baechu kimchi 2,256 93.23 £ 2.71 1,636 65.32° + 2,99 -27.9 < 0.001
Kkakdugi 2,256 8.79 £ 0.74 1,636 827 =+ 1.03 -0.5 0.679
Middle-high
Total Kimchi 2,141 12456 + 3.72 1,637 96.47° + 3.65 -28.1 < 0.001
Baechu kimchi 2,141 88.85 + 269 1,637 66.05° + 298 -22.8 < 0.001
Kkakdugi 2,141 9.09 £ 0.76 1,637 7.33 £ 0.78 -1.8 0.107
High
Total Kimchi 2,100 12021 + 3.38 1,661 90.76™ + 3.65 -29.5 < 0.001
Baechu kimchi 2,100 87.41 £ 264 1,661 60.95> + 3.05 -26.5 < 0.001
Kkakdugi 2,100 9.39 + 0.82 1,661 830 =+ 0.93 -1.1 0.385
Gender and age-adjusted kimchi consumption (g/day)
2005 2015
10 year change P value
N Mean =+ SE N Mean =+ SE

Low
Total Kimchi 2,346 12624 + 4.04 1,656 97.62 =+ 3.56 -28.6 < 0.001%
Baechu kimchi 2,346 92.06 + 257 1,656 71.21 £ 3.04 -20.9 < 0.001
Kkakdugi 2,346 940 = 0.85 1,656 6.60 £ 081 -2.8 0.018
Middle-low
Total Kimchi 2,256 130.07 = 2.96 1,636 94,78 =+ 3.50 -35.3 < 0.001
Baechu kimchi 2,256 94.67 £ 266 1,636 6410 =+ 3.01 -30.6 < 0.001
Kkakdugi 2,256 891 + 0.75 1.636 8.18 £ 1.01 -0.7 0.556
Middle-high
Total Kimchi 2,141 128.58 + 3.58 1,637 93.03 =+ 346 -35.5 < 0.001
Baechu kimchi 2,141 91.09 £ 261 1,637 6422 =+ 2.86 -26.9 < 0.001
Kkakdugi 2,141 929 + 0.79 1,637 718 £ 0.79 -2.1 0.061
High
Total Kimchi 2,100 123.28 + 3.28 1,661 8823 =+ 359 -35.0 < 0.001
Baechu kimchi 2,100 89.07 £+ 255 1,661 59.62 =+ 3.05 -29.4 < 0.001
Kkakdugi 2,100 945 = 0.83 1,661 828 £ 0.93 -1.2 0.352

1) Mean daily per capita kimchi consumption

2) Student t-test was conducted to compare means per capita kimchi consumption between 2005 and 2015.

Means in a column without a common letter are significantly different at a=0.05 by GLM/PDIFF
3) Baechu kimchi: napa cabbage kimchi, Kkakdugi: Korean radish kimchi
4) ANCOVA was performed and gender and age were adjusted.
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Appendix 1. Changes in kimchi consumption in KNHANES 2005 and 2015 by age

Kimchi consumption per capita (g/day)

2005 2015

10 year change P value
N Mean + SE N Mean + SE

1~2y

Total Kimchi 217 11.98 £ 2.04 137 8.34 £ 1.64 -3.64 0.165"
Baechu kimchi 217 7.82 £ 1.46 137 541 £ 1.22 -2.42 0.204
Kkakdugi 217 0.86 £ 0.45 137 1.56 £ 0.71 0.70 0.402
3~5y

Total Kimchi 403 35.02 £ 2.97 209 24.30 £ 2.66 -10.72 0.008
Baechu kimchi 403 28.13 £ 2.67 209 18.67 = 2.51 -9.47 0.010
Kkakdugi 403 322 £ 052 209 3.08 £ 0.68 -0.14 0.869
6~11y

Total Kimchi 889 69.31 £ 3.04 448 42,45 + 3.21 -26.87 < 0.001
Baechu kimchi 889 55.35 £ 2.71 448 3230 £ 2.92 -23.05 < 0.001
Kkakdugi 889 557 £ 0.67 448 3.62 £ 0.63 -2.05 0.027
12~18y

Total Kimchi 895 94.86 + 3.45 528 65.40 £ 4.19 -29.46 < 0.001
Baechu kimchi 895 7419 £ 295 528 50.33 + 3.99 -23.86 < 0.001
Kkakdugi 895 9.88 £ 1.01 528 7.01 £ 1.14 -2.86 0.062
19~64y

Total Kimchi 5,522 14210 £ 2.48 3,849 106.61 £ 2.49 -35.49 < 0.001
Baechu kimchi 5,522 102.15 £ 1.80 3,849 75.01 £ 2.02 -27.14 < 0.001
Kkakdugi 5,622 10.51 = 0.54 3,849 8.56 £ 0.63 -1.95 0.019
65~74y

Total Kimchi 719 140.57 £ 4.82 884 112.74 = 5.13 —-27.83 < 0.001
Baechu kimchi 719 98.68 £ 4.37 884 70.11 £ 475 -28.57 < 0.001
Kkakdugi 719 7.03 £ 1.16 884 7.87 £ 1.19 0.84 0.612
75y+

Total Kimchi 285 119.14 £ 8.45 573 107.35 £ 6.56 -11.79 0.272
Baechu kimchi 285 80.93 = 5.81 573 55.75 + 4.24 -25.18 0.001
Kkakdugi 285 381 £ 1.16 573 509 £ 1.16 1.28 0.436

1) Student t-test was conducted to compare mean per capita kimchi consumption between 2005 and 2015.
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