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ABSTRACT

Purpose: This study aimed to analyze the trends in kimchi, vegetable, and fruit consumption
among the Korean population and identify the factors associated with this consumption.
The goal was to provide fundamental data for developing appropriate guidelines to increase
kimchi consumption by understanding its characteristics.

Methods: The analysis utilized data from the Korea National Health and Nutrition
Examination Survey (KNHANES) conducted between 1998 and 2020. A total of 81,680
adults, aged 30 years or older, were included in the trend analysis. For the analysis of factors
associated with kimchi, vegetable, and fruit intake, a subgroup of 22,122 adults aged 30 years
or older from the KNHANES (2016-2020) was divided into two groups: 30—-64 years old and
65 years old or older. Since the KNHANES data employed a complex sampling design, the
statistical analysis was conducted using the appropriate complex sampling design method.
Results: The overall consumption of kimchi exhibited a declining trend among both men and
women. Specifically, there was a significant decline in the intake of baechu kimchi among
both genders. The decline in kimchi consumption above the standard was associated with

a decrease in meal frequency and an increase in the frequency of eating alone. However, the
patterns for unsalted vegetables and fruits differed compared to kimchi.

Conclusion: In this study, there was a decline in kimchi consumption among both men and
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women, and the potential factors associated with this trend included Westernized dietary
habits, the presence of a spouse who influenced dietary habits, and an increased frequency
of solitary dining due to the rise in single-person households. Therefore, it is necessary to
develop dietary guidelines that consider these factors.

Keywords: trend; vegetables; socioeconomic; adults
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Fig. 1. Trends in the age-standardized intake of kimchi from 1998 to 2020.

(A) The trend of baechu kimchi intake. (B) The trend of kkakduki intake. (C) The trend of yeolmu kimchi intake. (D) The trend of nabak kimchi intake. (E) The
trend of other kimchi intake. Standardized to the age structure of the 2005 Korean population. The p-value for trend was determined by linear regression
analysis with weighting of survey design.
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Fig. 2. Trends in the age-standardized intake of total kimchi, unsalted vegetable, and fruit.
(A) The trend of total kimchi intake. (B) The trend of kimchi, unsalted vegetable, and fruit intake. (C) The trend of unsalted vegetable intake. (D) The trend of fruit
intake. Standardized to the age structure of the 2005 Korean population. The p for trend was determined by linear regression analysis with weighting of survey design.
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Table 1. General characteristics of participants in KNHANES 2016 to 2020

Characteristics

Total (n = 22,122)

KNHANES 2016 KNHANES 2017 KNHANES 2018 KNHANES 2019 KNHANES 2020 p-value?
(n=4,382) (n=4,621) (n=4,618) (n = 4,661) (n=3,840)
Age (yrs) 52.3+£0.4 52.7+0.5 52.9+ 0.4 53.4+0.5 53.7+0.5 < 0.0001
Age 0.4420
30-64 3,046 (79.1) 3,179 (78.4) 3,214 (78.1) 3,173 (76.9) 2,522 (76.2)
> 65 1,336 (20.9) 1,442 (21.6) 1,404 (21.9) 1,488 (23.1) 1,318 (23.8)
Sex 0.7673
Men 1,749 (45.2) 1,912 (46.0) 1,877 (46.0) 1,911 (46.3) 1,593 (46.4)
Women 2,633 (54.8) 2,709 (54.0) 2,741 (54.0) 2,750 (53.7) 2,947 (53.6)
Education level 0.0863
Under middle school 1,520 (29.7) 1,623 (29.6) 1,516 (27.8) 1,420 (25.1) 1,119 (24.1)
High school 1,188 (31.0) 1,210 (29.3) 1,315 (31.2) 1,326 (31.9) 1,043 (32.0)
Beyond college 1,476 (39.3) 1,533 (41.1) 1,592 (41.0) 1,657 (43.0) 1,321 (43.9)
Household income 0.9252
Low 996 (17.1) 1,006 (16.9) 955 (17.4) 980 (16.7) 811 (16.5)
Middle-low 1,098 (24.1) 1,154 (24.3) 1,122 (24.1) 1,225 (25.7) 931 (23.0)
Middle high 1,119 (27.6) 1,213 (28.8) 1,243 (29.3) 1,176 (27.2) 1,004 (27.7)
High 1,223 (31.2) 1,236 (30.0) 1,287 (29.3) 1,265 (30.4) 1,083 (32.9)
Residential area 0.9529
Urban 3,470 (83.4) 3,669 (83.0) 3,731 (84.8) 3,678 (82.3) 3,041 (85.0)
Rural 912 (16.6) 959 (17.0) 887 (15.9) 983 (17.7) 799 (15.0)
Drinking status 0.1048
Never drinker 593 (11.1) 607 (10.8) 553 (9.8) 585 (10.6) 536 (11.1)
Past drinker 779 (16.6) 814 (15.9) 851 (17.3) 873 (17.6) 796 (19.2)
Current drinker 2,936 (72.3) 3,162 (73.3) 3,187 (72.9) 3,143 (71.9) 2,475 (69.7)
Smoking status 0.0643
Never smoker 2,702 (58.6) 2,813 (58.2) 2,818 (58.0) 2,799 (57.5) 2,331 (57.7)
Past smoker 914 (21.9) 1,060 (23.8) 1,051 (23.5) 1,106 (25.0) 908 (25.2)
Current smoker 691 (19.5) 704 (18.0) 721 (18.6) 691 (17.5) 568 (17.1)
Physical activity 0.0787
Inactive 2,491 (55.1) 2,644 (58.0) 2,727 (59.8) 2,613 (58.0) 2,079 (58.0)
Active 1,762 (44.9) 1,715 (42.0) 1,695 (40.2) 1,787 (42.0) 1,400 (42.0)
BMI (kg/m2) 24.1+0.1 23.9+0.1 24.1+0.1 24.1+0.1 24.2 + 0.1 < 0.0001
BMI 0.0074
Low weight 1,639 (36.3) 1,757 (38.2) 1,731(37.2) 1,763 (37.1) 1,322 (33.4)
Normal weight 163 (3.7) 161 (3.6) 172 (3.5) 179 (3.8) 197 (5.1)
Overweight 1,008 (23.4) 1,089 (23.6) 1,096 (23.7) 1,115 (24.0) 889 (24.0)
Obese 1,572 (36.6) 1,614 (34.6) 1,619 (35.6) 1,604 (35.1) 1,432 (37.5)

Values are presented as mean + standard deviation or number (%). The n of missing values: education level 1,263, income 65, drinking status 232, smoking
status 245, physical activity 1,279.
KNHANES, Korean National Health and Nutrition Examination Survey; BMI, body mass index.

YThe p-values for differences among year were calculated by ¥ tests for categorical variables and linear regression model for continuous variables.
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Table 2. Analysis of sociodemographic factors and health behavior factors associated with kimchi intake in 30-64 years old group (n = 15,134)

Factors No.  Kimchi + Unsalted vegetable + Fruit Unsalted vegetable Total fruit Total kimchi
> 400 g/day vs. < 400g/day > Median vs. None & < Median > Median vs. None & < Median > 40 g/day vs. < 40 g/day
OR (95% CI)? OR (95% Cl) OR (95% Cl) OR (95% ClI)

Sex

Men 6,073 1.000 1.000 1.000 1.000

Women 9,061 1.977 (1.169-1.394) 1.072 (0.985-1.167) 2.053 (1.888-2.239) 0.538 (0.492-0.588)
BMI

Low weight 558 1.068 (0.863-1.329) 1.035 (0.841-1.274) 1.020 (0.835-1.245) 0.892 (0.724-1.098)

Normal weight 5,856 1.000 1.000 1.000 1.000

Overweight 3,427 0.962 (0.857-1.080) 0.987 (0.891-1.092) 0.877 (0.792-0.972) 1.125(1.009-1.254)

Obese 5,993 0.897 (0.810-0.993) 0.994 (0.901-1.096) 0.732 (0.666-0.804) 1.205 (1.093-1.328)
Education level

Under middle school 2,549 1.000 1.000 1.000 1.000

High school 4,959 1.154 (1.016-1.311) 1.072 (0.948-1.219) 1.202 (1.059-1.363) 1.107 (0.966-1.268)

Beyond college 6,951 1.242 (1.084-1.423) 1.103 (0.964-1.261) 1.512(1.328-1.723) 1.060 (0.928-1.210)
Household income

Low 1,372 1.000 1.000 1.000 1.000

Middle-low 3,587 1.106 (0.937-1.305) 1.151 (0.974-1.360) 1.213 (1.032-1.426) 1.064 (0.897-1.261)

Middle high 4,716 1.270 (1.084-1.488) 1.296 (1.045-1.437) 1.309 (1.121-1.529) 1.136 (0.966-1.337)

High 5,431 1.213 (1.040-1.414) 1.307 (1.117-1.528) 1.402 (1.203-1.636) 0.997 (0.848-1.173)
Drinking status

Never drinker 1,079 1.000 1.000 1.000 1.000

Past drinker 92,404 0.814 (0.674-0.984) 0.975 (0.820-1.159) 0.807 (0.676-0.963) 0.864 (0.722-1.034)

Current drinker 11,533 0.618 (0.524-0.729) 0.919 (0.791-1.068) 0.540 (0.460-0.633) 1.038(0.887-1.215)
Smoking status

Never smoker 9,152 1.000 1.000 1.000 1.000

Past smoker 3,094 0.760 (0.682-0.847) 0.922 (0.833-1.021) 0.567 (0.513-0.627) 1.452 (1.301-1.620)

Current smoker 2,764 0.550 (0.489-0.619) 0.833 (0.749-0.925) 0.385 (0.344-0.432) 1.535 (1.370-1.719)
Physical activity

Inactive 8,095 1.000 1.000 1.000 1.000

Active 6,359 1.131 (1.036-1.234) 1.151 (1.059-1.251) 1.045 (0.968-1.128) 1.020 (0.942-1.106)
Residential area

Urban 12,561 1.000 1.000 1.000 1.000

Rural 2,573 1.105 (0.970-1.258) 1.084 (0.961-1.223) 0.923 (0.798-1.068) 1.172 (1.028-1.336)
Marital status

Single 2,793 1.000 1.000 1.000 1.000

Married 12,334 1.194 (1.074-1.326) 1.126 (1.021-1.241) 1.358 (1.226-1.505) 1.064 (0.962-1.178)

The n of missing values: education level 28, income 675, drinking status 118, smoking status 124, physical activity 680, marital status 7.
OR, odds ratio; Cl, confidence interval; BMI, body mass index.
YOR (95% Cl) was obtained from PROC SURVEYLOGISTIC procedure after adjusting for age (continuous), energy intake (continuous), and total food intake (continuous).
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Table 3. Analysis of sociodemographic factors and health behavior factors associated with kimchi intake in 65 years old or older group (n = 6,988)

Factors No. Kimchi + Unsalted vegetable + Fruit Unsalted vegetable Total fruit Total kimchi
> 400 g/day vs. < 400g/day > Median vs. None & < Median > Median vs. None & < Median > 40 g/day vs. < 40 g/day
OR (95% CI)? OR (95% Cl) OR (95% Cl) OR (95% ClI)

Sex

Men 2,969 1.000 1.000 1.000 1.000

Women 4,019 1.213 (1.064-1.382) 1.066 (0.940-1.209) 1.587 (1.400-1.799) 0.551 (0.484-0.626)
BMI

Low weight 314 0.640 (0.431-0.952) 1.036 (0.759-1.414) 0.579 (0.422-0.794) 0.840 (0.629-1.121)

Normal weight 2,356 1.000 1.000 1.000 1.000

Overweight 1,770 0.996 (0.829-1.198) 0.963 (0.817-1.136) 1.054 (0.902-1.233) 1.012 (0.861-1.189)

Obese 2,548 1.108 (0.945-1.300) 1.026 (0.882-1.194) 1.063 (0.917-1.231) 0.947 (0.828-1.083)
Education level

Under middle school 4,649 1.000 1.000 1.000 1.000

High school 1,123 1.053 (0.868-1.278) 0.934(0.781-1.117) 1.175 (0.991-1.393) 1.109 (0.935-1.316)

Beyond college 628 0.929 (0.720-1.200) 0.904 (0.717-1.141) 1.214 (0.966-1.526) 1.107 (0.865-1.417)
Household income

Low 3,306 1.000 1.000 1.000 1.000

Middle-low 1,943 1.120 (0.940-1.335) 1.006 (0.859-1.177) 1.297 (1.111-1.514) 1.015(0.873-1.181)

Middle high 1,039 1.123 (0.911-1.385) 1.082 (0.892-1.312) 1.484 (1.215-1.813) 1.049 (0.875-1.256)

High 663 0.988 (0.756-1.292) 0.980 (0.774-1.242) 1.263 (1.013-1.576) 0.987 (0.791-1.232)
Drinking status

Never drinker 1,795 1.000 1.000 1.000 1.000

Past drinker 1,709 1.061 (0.881-1.278) 1.133 (0.960-1.338) 1.050 (0.886-1.243) 1.260 (1.066-1.489)

Current drinker 3,370 0.838(0.712-0.987) 0.996 (0.858-1.155) 0.767 (0.655-0.899) 1.432(1.222-1.679)
Smoking status

Never smoker 4,311 1.000 1.000 1.000 1.000

Past smoker 1,945 0.804 (0.688-0.939) 0.933 (0.807-1.078) 0.674 (0.588-0.771) 1.533(1.340-1.754)

Current smoker 611 0.502 (0.383-0.657) 0.826 (0.655-1.041) 0.430 (0.344-0.537) 1.473 (1.165-1.862)
Physical activity

Inactive 4,389 1.000 1.000 1.000 1.000

Active 2,000 1.027 (0.878-1.200) 0.969 (0.844-1.111) 1.019 (0.892-1.165) 1.002 (0.877-1.145)
Residential area

Urban 5,028 1.000 1.000 1.000 1.000

Rural 1,960 0.998 (0.846-1.177) 1.003 (0.854-1.179) 0.828 (0.696-0.984) 1.058 (0.900-1.245)
Marital status

Single 2,395 1.000 1.000 1.000 1.000

Married 4,593 1.209 (1.048-1.394) 1.221 (1.068-1.397) 1.058 (0.927-1.208) 1.480 (1.292-1.697)

The n of missing values: income 37, education level 588, drinking status 114, smoking status 121, physical activity 599.
OR, odds ratio; Cl, confidence interval; BMI, body mass index.
YOR (95% Cl) was obtained from PROC SURVEYLOGISTIC procedure after adjusting for age (continuous), energy intake (continuous), and total food intake (continuous).
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Table 4. Analysis of eating habit and nutrition factors associated with kimchi intake in KNHANES 2016 to 2020

Factors No. Kimchi + Unsalted vegetable + fruit Unsalted vegetable Total fruit Total kimchi
> 400 g/day vs. < 400 g/day > Median vs. None & < Median > Median vs. None & < Median > 40 g/day vs. < 40 g/day
OR (95% CI)? OR (95% Cl) OR (95% Cl) OR (95% ClI)
30-64 (n=15,134)
Eating alone
None 4,124 1.000 1.000 1.000 1.000
1/day 6,323 0.741 (0.669-0.820) 0.877 (0.795-0.968) 0.803 (0.730-0.883) 0.899 (0.804-1.004)
> 9/day 4,687 0.659 (0.589-0.737) 0.683 (0.615-0.760) 0.785 (0.709-0.868) 0.708 (0.635-0.790)
Eating out
> 1/day 4,034 1.000 1.000 1.000 1.000
1-6/week 8,112 1.961 (1.148-1.385) 0.944 (0.860-1.035) 1.399 (1.274-1.536) 0.859 (0.778-0.949)
1-3/month 2,418 1.312(1.149-1.499) 0.894 (0.784-1.019) 1.455 (1.271-1.665) 0.822 (0.715-0.944)
Scarcely 569 1.255(0.992-1.588) 0.716 (0.567-0.904) 1.111(0.888-1.391) 0.887 (0.707-1.113)
Nutrition education
No 14,323 1.000 1.000 1.000 1.000
Yes 809 1.257 (1.050-1.503) 1.095 (0.917-1.308) 1.127 (0.947-1.341) 1.007 (0.838-1.211)
Meal frequency
3/day 9,917 1.000 1.000 1.000 1.000
1-2/day 5,917 0.522 (0.476-0.572) 0.723 (0.665-0.786) 0.587 (0.539-0.639) 0.805 (0.738-0.880)
> 65 (n = 6,988)
Eating alone
None 2,970 1.000 1.000 1.000 1.000
1/day 1,263 0.825 (0.681-0.999) 0.911 (0.771-1.076) 0.903 (0.761-1.071) 0.876 (0.743-1.032)
> 2/day 2,755 0.740 (0.639-0.858) 0.835 (0.727-0.960) 0.792 (0.686-0.914) 0.719 (0.626-0.825)
Eating out
> 1/day 302 1.000 1.000 1.000 1.000
1-6/week 2,719 1.729 (1.218-2.453) 1.119 (0.803-1.559) 1.695 (1.209-2.376) 0.821 (0.597-1.128)
1-3/month 2,300 1.672 (1.181-2.369) 1.045 (0.755-1.447) 1.635 (1.168-2.289) 0.843 (0.614-1.158)
Scarcely 1,666 1.800 (1.259-2.574) 1.100 (0.782-1.547) 1.410 (0.994-2.001) 0.772 (0.555-1.072)
Nutrition education
No 6,490 1.000 1.000 1.000 1.000
Yes 496 1.302 (1.169-1.450) 0.880 (0.689-1.126) 1.009 (0.806-1.263) 1.147 (0.905-1.453)
Meal frequency
3/day 5,890 1.000 1.000 1.000 1.000
1-2/day 1,098 0.566 (0.460-0.696) 0.760 (0.644-0.896) 0.868 (0.725-1.038) 0.662 (0.567-0.773)

The n of missing values: eating out 2, nutrition education 4.
KNHANES, Korean National Health and Nutrition Examination Survey; OR, odds ratio; Cl, confidence interval.
YOR (95% Cl) was obtained from PROC SURVEYLOGISTIC procedure after adjusting for age (continuous), energy intake (continuous), and total food intake (continuous).
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