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ABSTRACT

The purpose of this study was to compare the intake levels of nutrients and food sources according to the fruit and
vegetable intake among Korean adults and analyze its relationship with metabolic diseases. The subjects of the study were
9,278 adults aged 19 to 64 years who participated in the Korea National Health and Nutrition Examination Survey (KNHANES)
from 2019 to 2021. The nutrient and food group intake, according to fruit and vegetable intake was investigated using 24-hour
recall method, and the association between fruit and vegetable intake and metabolic diseases was analyzed through multiple
logistic regression. The men and women in the group that consumed more than 500 g per day of fruits and vegetables had
a higher total energy intake and nutritional density of dietary fiber, vitamin A, vitamin C, thiamine, niacin, calcium, phosphorus,
potassium, and iron compared to the group that consumed less than 500 g. In the group consuming more than 500 g per
day of fruits and vegetables, compared to the group consuming less than 500 g, men consumed higher amounts of grains,
seaweed, eggs, and fish and shellfish, and women consumed higher amounts of grains and meat, and both men and women
consumed less beverages and alcoholic beverages. A comparison of the relationship between fruit and vegetable intake levels
and metabolic diseases revealed that, as fruit intake increased in men, the risk of metabolic syndrome, abdominal obesity,
hypertension, and hypertriglyceridemia decreased. In women, as the fruit intake increased, the risk of metabolic syndrome,
abdominal obesity, diabetes, and obesity decreased. As the fruit and vegetable intake increased, the risk of abdominal obesity,
hypertriglyceridemia, and obesity decreased in women. There was no significant correlation between vegetable intake and the
risk of metabolic diseases in both men and women. Among Korean adults, those consuming more than 500 g per day of fruits
and vegetables were found to be insufficient, and as the fruit intake increased, the risk of metabolic syndrome decreased for
both men and women. These findings may help to promote fruit and vegetable intake and establish appropriate intake guidelines.
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Table 1. General characteristics of subjects according to fruit and vegetable intake groups

275

Total

<500 g/day

>500 g/day

Variables (1=9,278) (1=6,166) (n=3,112) p-value?
Sex
Male 3,942(50.3)" 2,543(48.9) 1,399(53.4) <0.001
Female 5,336(49.7) 3,623(51.1) 1,713(46.6)
Age group (y)
19~29 1,558(21.5) 1,355(27.2) 203( 9.0) <0.001
30~49 3,967(44.5) 2,785(45.8) 1,182(41.4)
50~64 3,753(34.0) 2,026(27.0) 1,727(49.6)
Household income
Low 2,254(23.3) 1,566(24.1) 688(21.4) 0.008
Low-middle 2,302(25.1) 1,547(25.4) 755(24.6)
Middle-high 2,351(25.5) 1,567(25.5) 784(25.5)
High 2,371(26.1) 1,486(25.0) 885(28.5)
Education
<High school 1,101( 8.6) 705( 8.1) 396( 9.5) <0.001
High school 3,579(39.5) 2,413(40.8) 1,166(36.7)
>College 4,598(51.9) 3,048(51.1) 1,550(53.8)
Residence area
Urban 7,738(88.0) 5,215(89.1) 2,523(85.7) <0.001
Rural 1,540(12.0) 951(10.9) 589(14.3)
Smoking status
Current smoker 1,641(20.0) 1,186(21.6) 455(16.3) <0.001
Nonsmoker 7,637(80.0) 4,980(78.4) 2,657(83.7)
Alcohol consumption
>1 time/month 5,273(59.7) 3,700(62.3) 1,573(53.8) <0.001
< 1 time/month 4,005(40.3) 2,466(37.7) 1,539(46.2)
Physical activity”
Low 96( 1.1) 63( 1.1) 33( 1.2) <0.001
Moderate 305( 3.6) 211( 3.8) 94( 3.2)
High 8,877(95.2) 5,892(95.1) 2,985(95.6)
Y n(%).

? p-values are calculated via X* test for categorical variables.

3 Physical activity: The number of days of moderate-intensity physical activity per week was used and categorized into ‘low-intensity

activity’ for 1 day, ‘moderate-intensity activity’ for 2~3 days, and ‘high-intensity activity’ for 4 or more days.
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Table 2. Energy and nutrients intake according to fruit and vegetable intake groups

Total (n=9,278)

Men (n=3,942) Women (n=5,336)

Variables <500 g/day >500 g/day

(n=6,166) (n=3,112) P~value

5 <500 g/day =500 g/day
(n=2,543)

<500 g/day =500 g/day

pvalie s 623)  (n=1713)

(n=1.399) p-value

Total energy (kcal/day)

1,837.5+12.1" 2,236.8£185 <0.001 2,126.7+18.0 2,535.0£25.6 <0.001 1,560.7+13.0 1,895.4+18.1 <0.001

% Energy from carbohydrate 58.3+0.2 61.5£0.2 <0.001  57.9£0.3 60.5£0.3  0.013  58.6£0.2 62.6£0.3  <0.001
% Energy from protein 16.1+0.1 15.7+0.1 0.188 16.4+0.1 16.3+0.1 0.439 15.840.1 15.0+0.1 0.002
% Energy from fat 25.540.2 22,6402  <0.001  25.540.2 23.0+03 <0.001 25.4+0.2 222+0.2  <0.001
Nutrient density per 1,000 kcal
Fiber (g) 11.740.1 17.240.1  <0.001  11.0+0.1 15.940.2 <0.001 12.3+0.1 18.7+0.2  <0.001
Vitamin A (ug RAE) 197.743.3  259.846.1 <0.001  172.243.5 2372483 <0.001 2222455  285.6+6.9 <0.001
Vitamin C (mg) 31.2409 49.2+1.1  <0.001  28.3%1.6 40.8+1.2 <0.001 33.9+0.9 58.741.6  <0.001
Thiamin (mg) 0.6+0.0 0.740.0  <0.001 0.6+0.0 0.7£0.0  <0.001  0.6£0.0 0.7£0.0  <0.001
Riboflavin (mg) 0.840.0 0.9£0.0 0.009 0.8+0.0 0.9+0.0 0.047 0.9£0.0 0.9£0.0 0.052
Niacin (mg) 6.7+0.0 7.0£0.1  <0.001 6.7+0.1 7.0+0.1  <0.001  6.7+0.1 7.0+0.1 0.001
Calcium (mg) 258.942.1  286.643.2 <0.001 235.6+2.7  269.5£39 <0.001 281.142.9  306.1+4.3  0.023
Phosphorus (mg) 5544422 597.0£3.1 <0.001 5343433  587.143.8 <0.001 573.7£2.8  608.3+4.4  0.001

Sodium (mg) 1,706.1£11.2 1,865.9+16.5 <0.001

Potassium (mg) 1,318.846.9 1,771.1x11.6 <0.001

Iron (mg) 5.0£0.0 5.6+0.1 <0.001

4.940.1

1,715.1£16.4 1,935.9£22.2 <0.001 1,697.4+14.9 1,785.7+21.2 0.068
1,228.5+8.5 1,658.4+14.1 <0.001 1,405.3£9.7 1,900.1£15.7 <0.001

54+0.1  <0.001  5.1£0.0 5.840.1  <0.001

) MeantS.E. (standard error).

2 p-value were calculated via survey regression adjusted for age, income, education, smoking, alcohol consumption and physical activity.
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Table 3. Food intake according to fruit and vegetable intake groups

Total (n=9,278) Men (n=3,942) Women (n=5,336)

T e e
Fruit 50.5£1.3Y  321.047.0  <0.001 34.8+1.6 2837493  <0.001 65.6+1.8  365.849.6  <0.001
Vegetable 207.7+1.7 4642455  <0.001  230242.7  506.7£7.6  <0.001  186.2£2.1  415.6+6.5  <0.001
Grain 264.8+2.5  291.143.6  <0.001  303.2+4.0  329.8+£5.3 0.032 228.1+2.7 2469439  <0.001
Potato and starch 30.4£1.2 41.1£2.0 0.684 28.441.6 36.8+2.8 0.956 32.4+1.5 46.142.6 0.576
Sugar 9.4+0.3 10.9+0.4 0.568 9.5+0.4 11.3£0.6 0.627 9.3+:0.4 10.3+0.5 0.650
Bean 33.4+1.2 46.9+1.9 0.026 36.5£1.8 48.4+2.5 0.256 30.5¢1.4 45.1£2.6 0.058
Seed and nut 5.240.3 8.1+0.5 0.587 4.5+0.4 7.6£0.6 0.121 6.0£0.5 8.740.8 0.502
Mushroom 6.3+0.4 9.4+0.6 0.015 6.9+0.6 9.4+0.9 0.094 6.7+0.4 9.4+0.8 0.062
Seaweed 21.6+1.3 36.5+2.2 0.003 23.0£1.9 40.7+£3.3 0.006 20.2+1.5 31.8+2.7 0.139
Seasoning 36.7+0.6 46.5+1.0 0.009 42.5+0.9 53.6+1.3 0.025 31.2+0.6 38.4+1.1 0.099
Meat 134.7£2.8 147.744.3 0.061 169.1+4 .4 181.8+6.5 0.241 101.8+2.4 108.7+4.0 0.036
Egg 33.2+0.8 41.2+1.2 0.048 34.0+1.2 46.2+£2.0 0.002 32.4+1.0 35.4+1.3 0.280
Fish and shellfish 86.3+2.2  122.843.5 0.003 93.043.0  142.645.1 <0.001 79.8+2.9  100.1+4.0 0.979
Milk 88.442.3 93.5+3.7 0.568 76.0+3.1 85.045.1 0.657 100.3+3.1  103.1+4.9 0.108
Beverage 276.6+62  232.0+£7.4  <0.001  307.849.9 2587114  0.005 246.6+6.4  201.5+8.3 0.007
Alcohol 118.5+5.4 95.046.0  <0.001  164.1+93  148.0+10.6  <0.001 74.9+£5.2 34.4+44  <0.001
Oil 6.8+0.1 8.4+0.2 0.505 7.7£0.2 9.240.3 0.583 5.920.1 7.440.3 0.911
Other 0.940.1 1.2£0.3 0.685 1.240.3 1.7£0.6 0.487 0.60.1 0.6+0.1 0.391

D Mean£S.E. (standard error).
2 p-value were calculated via survey regression adjusted for age, income, education, smoking, alcohol consumption and physical activity

and energy intake.
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Al o]/ w=9lo] AF A} B2 44.2%¢l vl vtor, 12~18
Al Aade] AHA BE9) 9.9%0] Blg) =2 FFoldnt
(Korea Disease Control and Prevention Agency 2023). 53],
AR} 19~294019] 7-5- 500 g ©]7d AFHAL v &2 6.5%=
A} o] AHAH7} v FSBEER ol gk S ¥4l
2 FA7F 2o Ao Helg B Ao Hde] FHt
AF S FAF 116.6 g, o4} 152.8 gL, AAe] Hit A
HTFe I2} 3211 g, A} 252.8 g2, HAo] HHTL o}

7b mom, Aie] AT EAt =& Aoz Yehyit
Kwon JH 5(2009)9] &A% oJ2= dajo) nls) 2,
I Bl QAR A, HEgA ALY AH RSl Ea, AL
AF o] wol HlwA ArgAde] A7EA o] FolA AL 3
thar stk W BF 1Y ouR] F epglE, o) A
o] oUR] 71od &L =l JPAFIEY oluix] HH
&S 53t A S U(Ministry of Health and Welfare
2020), < B A4 500 g o] HFTE 500 g PR AT
o Hlg] er4alEe] QY& Eu, AW HHu &S
ko, ofzte] ¢ ehid HH Hlee W@ o R v
ST} Kwon JH 5(2009)2] Aol = Zd o} A4 A3 9
i Aol JH e 2] AHEAE Bola, gstE
o AA e ol dHWAE Ho F A7dRet fAlst
Aok dake] A9 7 9@ A4k 500 g o] AHTES 500
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Table 4. Multivariate odds ratios for metabolic disease by fruit and vegetable intake levels in men

Variables Q1 Q2 Q3 Q4 p for trend®
Fruits and vegetables
Mean intake (g/day) 135.1£2.1" 302.8+1.5 481.6+2.5 897.1+11.6
Metabolic syndrome 1.00 0.96(0.75—-1.22)”  0.99(0.78 —1.26) 0.87(0.68—1.12) 0.345
Increased waist circumference 1.00 0.98(0.80—1.20) 0.90(0.72—1.12) 0.94(0.75—-1.18) 0.214
Elevated blood pressure 1.00 0.89(0.71—-1.12) 0.89(0.71—-1.12) 0.76(0.58 —0.99) 0.050
Reduced HDL-cholesterol 1.00 0.89(0.73—1.08) 1.08(0.88—1.32) 1.00(0.80—1.26) 0.631
Elevated triglycerides 1.00 0.90(0.72—1.13) 0.98(0.77—1.23) 0.89(0.70—1.12) 0416
Elevated fasting glucose 1.00 1.12(0.88—1.42) 1.13(0.89—1.39) 1.17(0.92—1.48) 0.228
Obesity 1.00 1.02(0.84—1.24) 0.97(0.79—1.19) 1.02(0.82—1.28) 0.979
Fruits
Mean intake (g/day) 0 1.740.1 72.8+1.8 425.149.6
Metabolic syndrome 1.00 0.93(0.69—1.26) 0.86(0.69—1.06) 0.76(0.62—0.94) 0.008
Increased waist circumference 1.00 0.91(0.68—1.21) 0.90(0.75—1.08) 0.83(0.69—1.00) 0.044
Elevated blood pressure 1.00 1.14(0.83—1.56) 0.87(0.71—1.07) 0.82(0.66—1.01) 0.045
Reduced HDL-cholesterol 1.00 1.02(0.71—1.46) 1.04(0.83—1.30) 0.95(0.75—1.19) 0.753
Elevated triglycerides 1.00 0.86(0.63—1.17) 0.85(0.70—1.03) 0.82(0.68 —1.00) 0.023
Elevated fasting glucose 1.00 1.28(0.94—1.73) 0.88(0.73—1.08) 0.85(0.69—1.05) 0.069
Obesity 1.00 1.09(0.80—1.47) 0.94(0.78—1.13) 1.00(0.83—1.20) 0.764
Vegetables
Mean intake (g/day) 106.0£1.8 233.1£1.1 355.5¢1.5 624.0+£7.3
Metabolic syndrome 1.00 0.88(0.70—1.10) 1.03(0.82—1.28) 0.97(0.76 —1.25) 0.835
Increased waist circumference 1.00 0.91(0.74—1.13) 1.04(0.84—1.29) 1.19(0.95—1.48) 0.091
Elevated blood pressure 1.00 0.77(0.61—0.97) 0.82(0.65—1.04) 0.82(0.64—1.04) 0.174
Reduced HDL-cholesterol 1.00 0.91(0.71—1.98) 1.01(0.79—1.27) 0.97(0.75—1.27) 0.993
Elevated triglycerides 1.00 1.11(0.89—1.39) 1.01(0.81—1.26) 1.06(0.84—1.35) 0918
Elevated fasting glucose 1.00 0.98(0.77—1.24) 1.11(0.88—1.42) 1.20(0.95—1.52) 0.073
Obesity 1.00 1.02(0.83—1.26) 0.95(0.78—1.16) 1.09(0.88—1.35) 0.625

D Mean£S.E. (standard error).

2 Odds ratio and 95% CI were obtained using logistic regression.

3 p for trends were calculated via survey regression adjusted for age, income, education, smoking, alcohol consumption, physical activity,
and energy intake.

g "Rt ATl vl GEES] HdF7F & A o2 UEs Prevention Agency 2023), HEFS 184 A uAASH
<, ol AEFT 5 FdFY AF Tl =2 A A4 o] YQlo] Hu=R, YEF HHE =ol7] f8) AA &<
o] & Ao w ALRHL} 20229 V|E UEF 7239 AL Fe Folu, ALt A HHAE 5El= F
AT Y] Bl&2 JA) 157.3%, AR} 115.5%2 A4 250 AHE 2 Fado] s Ao|tNagata C &
o W& & zo]E Holal ) oM (Korea Disease Control and 2004; Umesawa M 5 2008). 3k & Ao 3pd 2 x4
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Table 5. Multivariate odds ratios for metabolic disease by fruit and vegetable intake levels in women
Variables Ql Q2 Q3 Q4 p for trend”
Fruits and vegetables
Mean intake (g/day) 119.5+1.7" 279.0+1.4 455.3%1.9 858.149.8
Metabolic syndrome 1.00 0.90(0.71—1.15)” 0.92(0.72—1.17) 0.78(0.59—1.02) 0.101
Increased waist circumference 1.00 1.01(0.83—1.22) 0.87(0.72—1.06) 0.83(0.67—1.03) 0.043
Elevated blood pressure 1.00 0.76(0.59—0.98) 0.73(0.56—0.94) 0.86(0.66—1.10) 0.310
Reduced HDL-cholesterol 1.00 0.86(0.71—1.04) 1.02(0.83—1.25) 0.97(0.77—1.21) 0.889
Elevated triglycerides 1.00 0.86(0.69—1.08) 0.84(0.65—1.09) 0.72(0.56—0.94) 0.020
Elevated fasting glucose 1.00 1.02(0.81—1.29) 0.94(0.75—1.19) 0.87(0.68—1.10) 0.269
Obesity 1.00 0.94(0.76 —1.17) 0.86(0.68—1.08) 0.76(0.60—0.97) 0.020
Fruits
Mean intake (g/day) 0 30.3+1.0 155.3+1.4 474.6£9.3
Metabolic syndrome 1.00 0.79(0.63—1.00) 0.75(0.60—0.93) 0.68(0.54—0.87) 0.001
Increased waist circumference 1.00 0.76(0.63—0.93) 0.71(0.58—0.86) 0.67(0.56—0.81) <0.001
Elevated blood pressure 1.00 0.95(0.72—1.25) 0.78(0.61—1.01) 0.98(0.77—1.25) 0.544
Reduced HDL-cholesterol 1.00 0.91(0.74—1.11) 0.89(0.74—1.07) 0.91(0.76—1.11) 0.285
Elevated triglycerides 1.00 0.86(0.68 —1.08) 0.83(0.67—1.03) 0.81(0.64—1.02) 0.058
Elevated fasting glucose 1.00 0.95(0.77—1.17) 0.82(0.67—1.02) 0.77(0.61—-0.96) 0.013
Obesity 1.00 0.87(0.71—1.06) 0.69(0.57—0.85) 0.74(0.61-0.91) <0.001
Vegetables
Mean intake (g/day) 77.1£1.1 175.8+0.9 278.7+1.1 521.945.5
Metabolic syndrome 1.00 1.02(0.80—1.29) 0.99(0.79—1.25) 1.02(0.80—1.31) 0.915
Increased waist circumference 1.00 0.95(0.78—1.15) 1.07(0.88—1.30) 1.02(0.83—1.26) 0.543
Elevated blood pressure 1.00 0.97(0.74—1.28) 0.85(0.65—1.12) 0.93(0.71—1.20) 0.435
Reduced HDL-cholesterol 1.00 1.01(0.82—1.25) 1.07(0.88—1.30) 1.06(0.86—1.32) 0.486
Elevated triglycerides 1.00 1.03(0.82—1.29) 0.93(0.74—1.19) 0.85(0.64—1.12) 0.175
Elevated fasting glucose 1.00 0.96(0.79—1.17) 1.01(0.82—1.26) 1.08(0.86—1.35) 0.374
Obesity 1.00 0.86(0.70—1.06) 0.94(0.76—1.17) 0.92(0.74—1.15) 0.684

D Mean£S.E. (standard error).

2 Odds ratio and 95% CI were obtained using logistic regression.
% p for trends were calculated via survey regression adjusted for age, income, education, smoking, alcohol consumption, physical activity,

and energy intake.
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