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Abstract

We performed a study to examine the association between diet quality and nonalcoholic fatty liver disease (NAFLD). Our
study included 3,586 women aged 40-64 years who participated in the sixth Korea National Health and Nutrition
Examination Survey. The study subjects were classified into the NAFLD group (n=816) and the normal group (n=2,770)
using the hepatic steatosis index. The anthropometric indices, blood profiles, and dietary intake data of the subjects were
obtained. The waist circumference, body mass index, and the serum levels of triglycerides, fasting blood sugar, HbAlc, and
systolic and diastolic blood pressures were higher in the NAFLD compared to the normal groups (p<0.001, respectively).
The intakes of protein (g/kg body weight, p<0.001), potassium (p<0.001), and vitamin A (p=0.006) were significantly
lower in the NAFLD group. It was observed that the higher the total Korean Healthy Eating Index score, the lower the risk
of NAFLD. A reverse relationship was shown between the NAFLD risk and the intakes of total fruits, total vegetables,
vegetables excluding Kimchi and pickled vegetables, meat, fish, eggs and beans. Therefore, it is recommended that middle-
aged women in Korea increase their intakes of fruits, vegetables, and foods high in protein for the proper management of

NAFLD.
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<Table 1> General characteristics of the study subjects by nonalcoholic fatty liver disease

NAFLD" (n=816) NOR (n=2770) Total (n=3586) p-value?

Age (y) 52.4+0.3% 50.9+0.2 51.1+0.1 <0.001
Prevalence of NAFLD (n, %) 816(22.2) 2770(77.8) 100 <0.001
Quartile of household income (n, %)

lowest 141(17.3) 266(9.6) 405(11.3)

lower intermediate 219(26.8) 674(24.3) 889(24.8) <0.001

higher intermediate 233(28.6) 788(28.4) 1022(28.5)

highest 223(27.3) 1042(37.6) 1270(35.4)
Education (n, %)

Elementary or lower 212(26.0) 407(14.7) 617(17.2)

Middle school 162(19.8) 391(14.1) 549(15.3) <0.001

High school 320(39.2) 1174(42.4) 1495(41.7)

University or higher 122(15.0) 798(28.8) 925(25.8)
Frequency of alcohol consumption (n, %)

Never 204(25.0) 593(21.4) 796(22.2)

<1/month 409(50.1) 1294(46.7) 1700(47.4) 0.012

2-4/month 154(18.9) 612(22.1) 767(21.4)

>5/month 49(6.0) 271(9.8) 323(9.0)
Current smoker (n, %) 31(3.8) 80(2.9) 112(3.1) 0.249
No. of walking days/week (n, %)

Never 148(18.1) 424(15.3) 570(15.9)

1-2/week 140(17.2) 535(19.3) 674(18.8) 0.283

3-5/week 272(33.4) 897(32.4) 1169(32.6)

6-7/week 256(31.4) 914(33.0) 1173(32.7)

DNAFLD: nonalcoholic fatty liver disease group, NOR: normal group.

DValues are presented as mean+SE or number of participants (percentage, %). Continuous data were assessed using one-way analysis of
variance, while categorical data were assessed using the chi-square test between the 2 groups.
3p-values across the groups were calculated by chi-square tests for categorical variables and general linear regression. Total percentage of sum

may not be exactly 100% due to round-off in each column.
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<Table 2> Anthropometric and biochemical indices of the study subjects by nonalcoholic fatty liver disease

NAFLD" (n=816) NOR (n=2770) Total (n=3586) p-value”
Height (cm) 156.8+0.3% 157.5+0.1 157.240.1 0.009
Weight (kg) 67.9+0.4 55.9+0.2 58.6£0.2 <0.001
Waist circumference (cm) 87.7+0.4 75.9+0.2 78.9+0.2 <0.001
Body Mass index (kg/m?) 27.6+0.2 22.540.1 23.740.1 <0.001
Total cholesterol (mg/dL) 199.2+1.7 194.9+0.8 195.84+0.6 0.024
LDL-cholesterol (mg/dL) 120.1+2.2 118.7+1.2 119.4+0.9 0.582
HDL-cholesterol (mg/dL) 50.0+0.5 55.3+0.3 54.0+0.2 <0.001
Triglyceride (mg/dL) 155.6+4.8 108.5+1.6 119.2+1.4 <0.001
Fasting blood sugar (mg/dL) 107.7+1.2 95.5+0.4 98.6+0.4 <0.001
HbAlc (%) 6.1£0.1 5.6+0.0 5.8+0.0 <0.001
AST (SGOT) (IU/L) 24.4+0.6 20.1+£0.2 21.340.2 <0.001
ALT (SGPT) (IU/L) 29.8+1.1 15.7+0.2 19.120.2 <0.001
Systolic blood pressure (mmHg) 120.8+0.8 113.5+0.4 115.8+0.3 <0.001
Diastolic blood pressure (mmHg) 77.8£0.5 74.1£0.2 75.0£0.2 <0.001

YNAFLD: nonalcoholic fatty liver disease group, NOR: normal group. AST: serum aspartate aminotransferase, ALT: serum alanine aminotransferase.
DValues are presented as Mean+SE, The result was adjusted for age, household income, education, alcohol consumption.
Ip-values across the subject groups were calculated by general linear regression.
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<Figure 1> Prevalence of the chronic diseases in the study subjects by nonalcoholic fatty liver disease.
NAFLD: nonalcoholic fatty liver disease group, NOR: normal group. The definition of the chronic diseases are based on the Korea National
Health and Nutrition Examination Survey. P-value across the subject groups were calculated by general linear regression.
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<Table 3> Nutrients intake per 1000 kcal and C:P:F ratio of the study subjects by nonalcoholic fatty liver disease

NAFLD" (n=816) NOR (n=2770) Total (n=3586) p-value?
Energy (kcal) 1720.3+31.7% 1788.0+16.7 1775.2+13.5 0.061
Carbohydrate (g) 163.7+1.4 164.2+0.7 165.0+0.6 0.782
Protein (g) 34.4+0.5 35.0+0.3 34.6+0.2 0.273
(g/kg body weight) 0.89+0.02 1.14+0.02 1.07+0.01 <0.001
Fat (g) 21.240.5 20.8+0.2 20.5+0.2 0418
n-3/n-6 ratio 0.20+0.01 0.22+0.01 0.22+0.00 0.268
Dietary fiber (g) 13.9+0.3 14.5+0.1 14.4+0.1 0.064
Cholesterol (mg) 119.1+4.5 119.1£2.5 116.242.0 0.986
Calcium (mg) 268.2+5.9 273.4+3.6 271.9+2.5 0.464
Phosphorus (mg) 562.7+6.9 571.243.6 567.0+2.7 0.277
Iron (mg) 9.240.2 9.540.2 9.4+0.1 0.135
Sodium (mg) 1934.6+48.9 1959.6+26.1 1950.4+18.2 0.650
Potassium (mg) 1660.1+26.4 1772.3£16.1 1748.8+12.7 <0.001
Vitamin A (ug RAE) 384.8+18.8 457.4+15.5 435.3+10.0 0.006
Thiamin (mg) 1.04+0.02 1.06+0.01 1.06+0.01 0.138
Riboflavin (mg) 0.72+0.02 0.72+0.01 0.71+0.01 0.940
Niacin (mg) 8.3+0.1 8.6+0.1 8.5+0.1 0.133
Vitamin C (mg) 64.4+33 70.0+1.9 71.0£1.6 0.131
Energy distribution
Carbohydrate (%) 65.5+0.6 65.7+0.3 66.0+0.2 0.782
Protein (%) 13.8+0.2 14.0+0.1 13.8+0.1 0.273
Fat (%) 19.1£0.4 18.7+0.2 18.4+0.2 0.418
YNAFLD: nonalcoholic fatty liver disease group, NOR: normal group.
C:P:F ratio: carbohydrate:protein:fat ratio.
DValues are presented as Mean+SE, The result was adjusted for age, household income, education, alcohol consumption.
9p-values across the subject groups were calculated by general linear regression.
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(p=0.002). B AHH, T AME AFH, AR} FoHF Al
9] A, A7), A, 22, R A FEY dae vig=
< A7) A7 Al vlsl vk AEE Bl
THzt p for trend<0.001). ZE ol BF, S5EF U~
AFe 10800 98 diZ &= FolM 7 Aot =
UL, TSR AUAAHEH HIE, ofF] 2AF 3 o3

o whdel, ¢ 2 fAlE AFE 108 el 332 &

4. AU ot H|2 S XU Btnte| itk 24

Oy

3| A 71
A e F o EF 9] 50% F=o|UA,
H| A58 b ghro| A uk wje] Auk A
= .
B Aol v|dTZE 7SRl FH3 H-hAd
o] F A AF o] Gl sl FelshA Sttt
AR 7K 49} x-S A 9192 £493 Choi et al.

1> o

(2022)2] AollA] 20-594] oJAde] FHL 62.580= E A
To] Azkel fAFSIATE Sl F3A AstAL AR E &
g3te] AgQle] AASR 7ot AT AE S w4
$-*(Shin & Lee 2020)A1= 2SR 7EA] ¢ F50] 84.5
Al &) Rk, dgt 2l Ao A f3do] 7t
28kdtka BEkTh Choi et al. (2021a)0] A<lollA 2
o MFHt AAEE 7RI HEAGS AR ArellA]

|

A HFwe] HYBHIHG FHo] Y vzl s
wokow], 4AE Awshe AFH JYh 49 9494 o
o] FHE Feldow itk 7 9 WA Geis) o
A #9899 A foldoz B vert 39l A
Fato] 2 A% PR 1] BTo] freH 0 Fo}
HEEQ] 2Ake] Aol e,

AR 7 G5 Gl et 4RI e
SPAFE B TF 2A2Y AL @ Avks
<Table 5>61 A3k o} A1AL, 3% 4, A4 44,
S 0 RAF AA, T oIAEA N1E, JEF

[¢]

<Table 4> Scores of Korean healthy eating index (KHEI) in the study subjects by nonalcoholic fatty liver disease

NAFLD" (n=816) NOR (n=2770) Total (n=3586)  p-value”
Adequacy (55)
Have breakfast (10) 7.86£0.16% 7.97+0.08 7.98+0.06 0.539
Mixed grains intake (5) 2.6440.10 2.59+0.05 2.594+0.04 0.624
Total fruits intake (5) 2.73£0.10 3.07+0.05 2.97+0.04 0.002
Fresh fruits intake (5) 3.04+0.10 3.264+0.06 3.19+£0.05 0.065
Total vegetables intake (5) 3.43+0.07 3.58+0.03 3.58+0.03 0.058
Vegetables intake excluding Kimchi and pickled vegetables intake (5) 3.23+0.08 3.38+0.04 3.36+0.03 0.092
Meat, fish, eggs and beans intake (10) 6.45+0.15 6.77+0.07 6.63+0.06 0.061
Milk and dairy products intake (10) 3.36+0.20 3.5440.11 3.4440.08 0.428
Moderation (30)
Percentage of energy from saturated Fatty acid (10) 8.29+0.16 8.57+0.08 8.55+0.06 0.128
Sodium intake (10) 6.96+0.15 6.86+0.08 6.88+0.06 0.530
Percentage of energy from sweets and beverages (10) 9.32+0.11 9.26+0.06 9.27+0.04 0.617
Balance of energy intake (15)
Percentage of energy from carbohydrate (5) 2.38+0.10 2.34+0.05 2.30+0.04 0.775
Percentage of energy from fat (5) 3.36+0.10 3.3240.05 3.26+0.04 0.761
Energy intake (5) 3.16+0.11 3.16+0.05 3.20+0.04 0.951
Total scores of KHEI (100) 66.2+0.6 67.7+0.3 67.2+0.2 0.033

YNAFLD: nonalcoholic fatty liver disease group, NOR: normal group.

DValues are presented as Mean+SE, The result was adjusted for age, household income, education, alcohol consumption.
3p-values across the subject groups were calculated by general linear regression. The p<0.05 was considered to be significant.
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<Table 5> Multivariable logistic regression analysis to assess the relationship between Korean healthy eating index (KHEI) and nonalcoholic
fatty liver disease in study subject

Variables OR (95% CI)V p-value Variables OR (95% CI) p-value
Have breakfast Percentage of energy from saturated fatty acid

Quartile 1 1.00 (reference)? Quartile 1 1.00 (reference)

Quartile 2 1.02 (0.70-1.48) 0.931 Quartile 2 0.86 (0.65-1.14) 0.299

Quartile 3 0.98 (0.76-1.27) 0.903 Quartile 3 0.98 (0.74-1.30) 0.909

Quartile 4 - Quartile 4 1.00 (0.76-1.33) 0.992
Mixed grains intake Sodium intake

Quartile 1 1.00 (reference) Quartile 1 1.00 (reference)

Quartile 2 0.93 (0.70-1.25) 0.645 Quartile 2 0.90 (0.69-1.17) 0414

Quartile 3 0.96 (0.73-1.25) 0.744 Quartile 3 0.94 (0.71-1.25) 0.672

Quartile 4 0.94 (0.75-1.17) 0.558 Quartile 4 1.00 (0.76-1.31) 0.991
Total fruits intake Percentage of energy from sweets and beverages

Quartile 1 1.00 (reference) Quartile 1 1.00 (reference)

Quartile 2 1.01 (0.76-1.34) 0.948 Quartile 2 -

Quartile 3 0.74 (0.53-1.04) 0.083 Quartile 3 1.06 (0.80-1.39) 0.692

Quartile 4 0.72 (0.55-0.93) 0.012 Quartile 4 -
Fresh fruits intake Percentage of energy from carbohydrate

Quartile 1 1.00 (reference) Quartile 1 1.00 (reference)

Quartile 2 1.08 (0.78-1.49) 0.653 Quartile 2 1.00 (0.76-1.34) 0.976

Quartile 3 0.83 (0.67-1.03) 0.096 Quartile 3 1.02 (0.78-1.33) 0.891

Quartile 4 - Quartile 4 1.03 (0.79-1.35) 0.819
Total vegetables intake Percentage of energy from fat

Quartile 1 1.00 (reference) Quartile 1 1.00 (reference)

Quartile 2 0.92 (0.71-1.19) 0.527 Quartile 2 1.07 (0.82-1.41) 0.615

Quartile 3 0.74 (0.55-1.00) 0.051 Quartile 3 1.10 (0.66-1.86) 0.704

Quartile 4 0.95 (0.73-1.24) 0.711 Quartile 4 1.06 (0.83-1.36) 0.623
Vegetables intake excluding Kimchi and pickled vegetables intake Energy intake

Quartile 1 1.00 (reference) Quartile 1 1.00 (reference)

Quartile 2 0.75 (0.57-0.99) 0.042 Quartile 2 0.98 (0.75-1.28) 0.882

Quartile 3 0.78 (0.58-1.05) 0.096 Quartile 3 0.50 (0.07-3.88) 0.508

Quartile 4 0.83 (0.63-1.09) 0.175 Quartile 4 0.99 (0.78-1.26) 0.951
Meat, fish, eggs and beans intake Total scores of KHEI

Quartile 1 1.00 (reference) Quartile 1 1.00 (reference)

Quartile 2 0.71 (0.54-0.92) 0.010 Quartile 2 0.93 (0.71-1.23) 0.608

Quartile 3 0.85 (0.62-1.16) 0.296 Quartile 3 0.87 (0.66-1.16) 0.342

Quartile 4 0.78 (0.61-0.99) 0.046 Quartile 4 0.71 (0.54-0.94) 0.017
Milk and dairy products intake

Quartile 1 1.00 (reference)

Quartile 2 0.79 (0.59-1.05) 0.100

Quartile 3 0.80 (0.60-1.05) 0.101

Quartile 4 0.86 (0.68-1.07) 0.176

DValues are presented as odds ratio (95% confidence interval, CI).

DThe results were adjusted for age, household income, education.
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