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Figure 1. Framework of study
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Respondents of Korea National
Health and Nutritional Examination
Survey (KNHANES, 2015-2018)
(N=31,649)

19 < Age < 65 years
(N=18,830)

Excluded participants with
missing data of the variables
(N=5,129)

v

Excluded subjects with
- chronic liver disease(liver
cirrhosis-cancer, hepatitis B,
hepatitis C)& Significant alcohol
intake(N=1,894)

v

v

Excluded participants with
energy intake(kcal)<500 or =>5000

& hsCRP>10mg/L
& pregnant, lactating women
(N=520)

Final study population
(N=11,287)

l

Male Female
(N=4,371) (N=6,916)

Figure 2. Flow chart for the participants selection
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KHEI Hepatic Steatosis Index
NAFLD (HSI =>36)

Poor (KHEI score <50) ¢ Non-NAFLD (HSI <36)
hsCRP
Risk (hsCRP >1.0mg/L) 5
/ Normal (hsCRP <1.0mg/L) \
KHEI _ Hepatic Steatosis Index
; > NAFLD (HSI >36)
Poor (KHEI score <50) ¢ Non-NAFLD (HSI <36)

hsCRP, high sensitivity C-Reactive Protein; KHEI, Korean Healthy Eating Index;
HSI, Hepatic Steatosis Index; NAFLD, Non—Alcoholic Fatty Liver Disease

Figure 3. Baron & Kenny mediation effect model
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Table 1. General characteristic of participants according to sex

Total (n=11,287)

Male (n=4,371)

Female (n=6,916)

Variables Mean+SD or N(%) Mean+SD or N(%) Mean+SD or N(%) P-value
Age (year) 44.47+12.57 43.68+13.02 4497+12.25 <.001

19-39 3,972 (35.19) 1,690 (38.66) 2,282 (33.00) <001

40-65 7,315 (64.81) 2,681 (61.34) 4,634 (67.00) ’
Income (personal)

Low 5,466 (48.43) 2,126 (48.64) 3,340 (48.29) 798

High 5821 (51.57) 2,245 (51.36) 3,576 (51.71) '
Region

Urban 9,557 (84.67) 3,673 (84.03) 5884 (85.08) 133

Rural 1,730 (15.33) 698 (15.97) 1,032 (14.92) '
Smoking status

Yes 1,785 (15.81) 1,494 (34.18) 291 ( 4.21) <001

No 9,502 (84.19) 2,877 (65.82) 6,625 (95.79) '
Drinking alcohol

Yes 6,277 (55.61) 3,067 (70.17) 3,210 (46.41) <001

No 5010 (44.39) 1,304 (29.83) 3,706 (53.59) '
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Table 1. General characteristic of participants according to sex

Total (n=11,287) Male (n=4,371)

Female (n=6,916)

Variables MeanzSD or N(%) MeantSD or N(%) MeantSD or N(%) P-value
Hypertension
Yes 2,300 (20.38) 1,103 (25.23) 1,197 (17.31) <001
No 8,987 (79.62) 3,268 (74.77) 5719 (82.69)
Diabetes
Yes 852 ( 7.55) 433 (9.91) 419 ( 6.06) <001
No 10,435 (92.45) 3,938 (90.09) 6,497 (93.94)
Hypercholesterolemia
Yes 2,145 (19.00) 806 (18.44) 1,339 (19.36)
No 9,142  (81.00) 3,565 (81.56) 5577 (80.64) 228
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Table 2. Description of main variables: KHEI, NAFLD, hsCRP

Total Male Female
Variables (n=11,287) (n=4,371) (n=6,916)
MeantSD or MeanzSD or Mean+SD or
N(%) N(%) N(%)
KHEI
Total scores 63.70+£13.41 62.02+13.15 64.76+13.47
<50 (Poor group) 1,831 (16.22) 823 (18.83) 1,008 (14.57)

>50

NAFLD
HSI
=36 (NAFLD)
<36

hsCRP
hsCRP
>1.0 (Risk group)
<1.0

9,456 (83.78)

32.74%5.48
2,690 (23.83)
8,597 (76.17)

0.97£1.28
2,700 (23.92)
8,987 (76.08)

3,048 (81.17)

33.94+5.86
1,374 (31.43)
2,997 (68.57)

1.06+1.33
1,202 (27.50)
3,169 (72.50)

5,908 (85.43)

31.99+5.08
1,316 (19.03)
5,600 (80.97)

0.92+1.25
1,498 (21.66)
5418 (78.34)

KHEI, Korean Healthy Eating Index; NAFLD, Non-Alcoholic Fatty Liver Disease;
HSI, Hepatic Steatosis Index; hsCRP, high sensitivity C-Reactive Protein
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Table 3. Characteristic of participants according to KHEI score

KHEI score
iabl P-val
Variables MoanzSD value
Age
19-39 58.75+13.55
40-65 66.38+12.55 <001
Sex
+
Male 62.02£13.15 <001
Female 64.76+13.47
Income (personal)
+
L(.)W 62.22+13.22 <001
High 65.08+13.44
Region
Urban 63.75+£13.45 359
Rural 63.42+£13.19 '
Smoking status
+
Yes 58.58+13.18 <001
No 64.66+13.24
Drinking alcohol
+
Yes 62.72+13.19 <001
No 64.92+13.59
Hypertension
+
Yes 65.20+12.48 <001
No 63.31+13.61
Diabetes
Y Oo8+12.
es 64.58+12.41 032
No 63.62+13.49
Hypercholesterolemia
+
Yes 65.92+£13.00 <001
No 63.18+13.45

KHEI Korean Healthy Eating Index
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Table 4. Characteristic of participants with KHEI poor and Non-poor

KHEI Poor Non-Poor

. (n=1,831) (n=9,456)

Variables Mean=SD or Mean=SD or P-value
N(%) N(%)

Age

year 37.83+12.65 45.76+12.14 <.001

19-39 1,067 (57.73) 2,915 (30.83) <001

40-65 774 (42.27) 6,541 (69.17) '
Sex

Male 823 (44.95) 3,548 (37.52) <001

Female 1,008 (55.05) 5908 (62.48) '
Income (personal)

Low 1,010 (55.16) 4,456 (47.12) <001

High 821 (44.84) 5,000 (52.88) '
Region

Urban 1,552 (84.76) 8,005 (84.66) 944

Rural 279 (15.24) 1,451 (15.34) '
Smoking status

Yes 480 (26.22) 1,305 (13.80) <001

No 1,351 (73.78) 8,151 (86.20) '
Drinking alcohol

Yes 1,106  (60.40) 5171 (54.68) <001

No 725 (39.60) 4,285 (45.32) '
Hypertension

Yes 291 (15.89) 2,009 (21.25) <001

No 1,540 (84.11) 7,447 (78.75) '
Diabetes

Yes 105 ( 5.73) 747 (7.90) 001

No 1,726 (94.27) 8,709 (92.10) '
Hypercholesterolemia

Yes 253 (13.82) 1,892  (20.01) <001

No 1,578 (86.18) 7,564 (79.99) '

KHEI, Korean Healthy Eating Index
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Table 5. Characteristic of participants with NAFLD and Non-NAFLD

NAFLD Non-NAFLD

. (n=2,690) (n=8,597)

Variables Mean=SD or Mean=SD or P-value
N(%) N(%)

Age

year 45.48+12.26 44.16+12.65 <.001

19-39 869 (32.30) 3,103 (36.09) <001

40-65 1,821 (67.70) 5,494 (63.91) '
Sex

Male 1,374 (51.08) 2,997 (34.86) <001

Female 1,316  (48.92) 5,600 (65.14) ’
Income (personal)

Low 1,422 (52.86) 4,044 (47.04) <001

High 1,268 (47.14) 4553 (52.96) '
Region

Urban 2,200 (81.78) 7,357 (85.58) <001

Rural 490 (18.22) 1,240 (14.42) ’
Smoking status

Yes 540 (20.07) 1,245 (14.48) <001

No 2,150 (79.93) 7,352 (85.52) '
Drinking alcohol

Yes 1,445 (53.72) 4,832 (56.21) 095

No 1,245 (46.28) 3,765 (43.79) '
Hypertension

Yes 965 (35.87) 1,335 (15.53) <001

No 1,725 (64.13) 7,262 (84.47) ’
Diabetes

Yes 529 (19.67) 323 ( 3.76) <001

No 2,161 (80.33) 8,274 (96.24) ’
Hypercholesterolemia

Yes 810 (30.11) 1,335 (15.53) <001

No 1,880 (69.89) 7,262 (84.47) ]

NAFLD, Non-Alcoholic Fatty Liver Disease
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Table 6. Characteristic of participants with CRP Risk and Normal

CRP Risk Normal

. (n=2,700) (n=8,587)

Variables Mean=SD or Mean=SD or P-value
N(%) N(%)

Age

year 45.31+12.59 44.21+12.55 <.001

19-39 918 (34.00) 3,054 (35.57) 129

40-65 1,782 (66.00) 5533 (64.43) '
Sex

Male 1,202 (44.52) 3,169 (36.90) <001

Female 1,498 (55.48) 5418 (63.10) '
Income (personal)

Low 1,443 (53.44) 4,023 (46.85) <001

High 1,257 (46.56) 4564 (53.15) '
Region

Urban 2,229 (82.56) 7,328 (85.34) <001

Rural 471 (17.44) 1,259 (14.66) '
Smoking status

Yes 555 (20.56) 1,230 (14.32) <001

No 2,145 (79.44) 7,357 (85.68) '
Drinking alcohol

Yes 1,434 (53.11) 4,843  (56.40) 003

No 1,266 (46.89) 3,744 (43.60) '
Hypertension

Yes 726 (26.89) 1,574 (18.33) <001

No 1,974 (73.11) 7,013 (81.67) '
Diabetes

Yes 336 (12.44) 516 ( 6.01) <001

No 2,364 (87.56) 8,071 (93.99) '
Hypercholesterolemia

Yes 616 (22.81) 1,529 (17.81) <001

No 2,084 (77.19) 7,058 (82.19) '

hsCRP, high sensitivity C-Reactive Protein
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Table 7. Score of KHEI according to NAFLD status

NAFLD Non-NAFLD
Classification (n=2,690) (n=8,597) p-value
Mean+SD Mean=SD
Adequacy(55)
Have breakfast (10) 7.00£3.92 7.12+3.82 135
Mixed grains intake (5) 2.00+2.14 1.97£2.12 489
Total fruits intake (5) 2.12+2.13 2.43%2.18 <.001
Fresh fruits intake (5) 2.37+2.35 2.64+2.36 <.001
Total vegetables intake (5) 3.59+1.45 3.42+1.46 <.001
Vegetables intake excluding Kimchi and pickled vegetables intake(5) 3.24+1.63 3.17£1.60 .043
Meat, fish, eggs and beans intake (10) 7.06£3.09 7.15+2.98 167
Milk and dairy products intake (10) 3.16£4.38 3.67£4.49 <.001
Moderation (30)
Percentage of energy from saturated Fatty acid (10) 7.45+3.89 7.36+3.95 .286
Sodium intake (10) 6.28+3.39 6.74+3.24 <.001
Percentage of energy from sweets and beverages (10) 9.04£2.45 9.09+£2.41 292
Balance of energy intake (15)
Percentage of energy from carbohydrate (5) 2.64+2.13 2.66+2.10 716
Percentage of energy from fat (5) 3.44+2.06 3.50£2.04 .160
Energy intake (5) 3.08£2.21 3.17£2.20 056
Total scoores of KHEI (100) 62.45+13.03 64.09+13.51 <.001

KHEI, Korean Healthy Eating Index; NAFLD, Non—Alcoholic Fatty Liver Disease
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Table 8. Score of KHEI according to hsCRP status

CRP Risk group Normal
Characteristics (n=2,700) (n=8,587) p-value
Mean<SD MeantSD

Adequacy(55)
Have breakfast (10) 7.02+£3.92 7.12+3.82 .258
Mixed grains intake (5) 1.88£2.11 2.00+2.13 013
Total fruits intake (5) 2.11+2.15 2.43%2.17 <.001
Fresh fruits intake (5) 2.34+2.36 2.65+2.36 <.001
Total vegetables intake (5) 3.48+1.46 3.45+1.46 437
Vegetables intake excluding Kimchi and pickled vegetables intake(5) 3.14+1.64 3.20+1.60 072
Meat, fish, eggs and beans intake (10) 7.00£3.05 7.17£2.99 014
Milk and dairy products intake (10) 3.38+4.45 3.60+4.47 027
Moderation (30)
Percentage of energy from saturated Fatty acid (10) 7.37+3.95 7.39£3.93 .894
Sodium intake (10) 6.55+3.30 6.65+3.27 158
Percentage of energy from sweets and beverages (10) 8.94+2.62 9.12+£2.36 .001
Balance of energy intake (15)
Percentage of energy from carbohydrate (5) 2.64+2.09 2.66+2.11 .608
Percentage of energy from fat (5) 3.49+2.04 3.48+2.05 380
Energy intake (5) 3.10£2.22 3.16£2.20 169
Total scoores of KHEI (100) 62.44+13.40 64.09£13.39  <.001

KHEI, Korean Healthy Eating Index; hsCRP, high sensitivity C-Reactive Protein
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Table 9. Association between KHEI and NAFLD

Variable Unadjusted model Model 1 Model 2 Model 3
OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value

KHEI

>50 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

<50(Poor group) 1.18 (1.05-1.32) 1.20 (1.07-1.35) 1.18 (1.05-1.33)  .007 1.15 (1.01-1.30) .039
Age

19-39 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

40-64 1.28 (1.16-1.41) <.001 1.26 (1.14-1.39) <.001 0.74 (0.67-0.83) <.001
Sex

Male 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Female 051 (047-056) <.001 051 (047-056) <.001 0.55 (0.49-0.61) <.001
Income(personal)

Low 1.00 (Ref.) 1.00 (Ref.)

High 0.80 (0.74-0.88) <.001 0.91 (0.82-1.00) .040
Region

Urban 1.00 (Ref.) 1.00 (Ref.)

Rural 1.26 (1.12-1.41) <001 1.16 (1.02-1.31) .025
Smoking status

Yes 1.00 (Ref.)

No 1.03 (0.90-1.18) 652
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Table 9. Association between KHEI and NAFLD

. Unadjusted model Model 1 Model 2 Model 3
Variable

OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value

Drinking alcohol

Yes 1.00 (Ref.)

No 1.21 (1.10-1.34) <.001
Hypertension

Yes 1.00 (Ref.)

No 0.44 (0.40-0.50) <.001
Diabetes

Yes 1.00 (Ref.)

No 0.24 (0.20-0.28) <.001
Hypercholesterolemia

Yes 1.00 (Ref.)

No 0.55 (0.49-0.61) <.001
hsCRP

<1.0 (Normal) 1.00 (Ref.)

>1.0 (Risk group) 3.05 (2.76-3.37) <.001

AIC 12392.389 12151.715 12114.659 10713.854

KHEI, Korean Healthy Eating Index; NAFLD, Non—-Alcoholic Fatty Liver Disease;
hsCRP, high sensitivity C-Reactive Protein
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Table 10. Association between KHEI and hsCRP

Variable Unadjusted model Model 1 Model 2 Model 3
OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value

KHEI

>50 1.00 (Ref.) 1.00 (Ref) 1.00 (Ref.) 1.00 (Ref.)

<50 (Poor group) 1.33 (1.19-1.49) <001 1.35 (1.21-152) <001 1.33 (1.18-1.49) <.001 1.30 (1.15-1.46) <.001
Age

19-39 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

40-64 1.15 (1.05-1.26) .004 1.14 (1.04-1.25) .007 093 (0.84-1.03) .141
Sex

Male 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Female 0.73 (0.67-0.80) <.001 0.73 (0.67-0.80) <.001 0.81 (0.74-0.90) <.001
Income(personal)

<Lower middle 1.00 (Ref.) 1.00 (Ref.)

>Upper middle 0.78 (0.72-0.85) <.001 0.82 (0.75-0.90) <.001
Region

Urban 1.00 (Ref.) 1.00 (Ref.)

Rural 118 (1.05-1.33) .005 113 (1.01-1.28) .038
Smoking status

Yes 1.00 (Ref.)

No 0.74 (0.65-0.84) <.001
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Table 10. Association between KHEI and hsCRP

Unadjusted model

Model 1

Model 2

Model 3

Variable

OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value OR(95% CI)

p-value

Drinking alcohol
Yes

1.00 (Ref.)

No 1.23 (1.12-1.35)  <.001
Hypertension

Yes 1.00 (Ref.)

No 0.70 (0.62-0.78)  <.001
Diabetes

Yes 1.00 (Ref.)

No 0.55 (0.47-0.64)  <.001
Hypercholesterolemia

Yes 1.00 (Ref.)

No 0.84 (0.75-0.94) 003

AIC 12399.094 12348.550 12312.283 12139.572

KHEI, Korean Healthy Eating Index; hsCRP, high sensitivity C-Reactive Protein
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Table 11. Association between hsCRP and NAFLD
Unadjusted model Model 1 Model 2 Model 3

Variable OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value
CRP

<1.0 (Normal) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

>1.0 (Risk group) 345 (3.14-3.79) <001 3.36 (3.06-3.70) <.001 3.32 (3.01-365) <.001 3.06 (2.77-3.39) <.001
Age

20-49 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

>50 1.23 (1.12-1.35) <001 122 (1.11-1.34) <.001 0.73 (0.65-0.81) <.001
Sex

Male 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Female 0.53 (048-058) <.001 053 (048-058) <.001 055 (0.49-0.61) <.001
Income(personal)

<Lower middle 1.00 (Ref.) 1.00 (Ref.)

>Upper middle 0.84 (0.77-092) <.001 090 (0.82-0.99) .030
Region

Urban 1.00 (Ref.) 1.00 (Ref.)

Rural 1.22 (1.08-1.38) 001 1.16 (1.02-1.32)  .025
Smoking status

Yes 1.00 (Ref.)

No 1.02 (0.89-1.16) 818
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Table 11. Association between hsCRP and NAFLD

. Unadjusted model Model 1 Model 2 Model 3
Variable

OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value OR (95% CI) p-value

Drinking alcohol

Yes 1.00 (Ref.)

No 1.21 (1.10-1.34)  <.001
Hypertension

Yes 1.00 (Ref.)

No 0.45 (0.40-0.50)  <.001
Diabetes

Yes 1.00 (Ref.)

No 0.24 (0.20-0.28)  <.001
Hypercholesterolemia

Yes 1.00 (Ref.)

No 0.55 (0.49-0.61) <.001

AIC 11748.813 11549.698 11527.502 10716.061

hsCRP, high sensitivity C-Reactive Protein; NAFLD, Non-Alcoholic Fatty Liver Disease
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Table 13. Mediation analysis for HSI outcome

Total Male Female

Estimate 95% CI  p-value Estimate 95% CI  p-value Estimate 95% CI p-value

TE 0.45 0.20-0.71 <.001 0.43 -0.01-0.86 .054 0.39 0.08-0.70 015
NDE 0.30 0.05-0.55 018 0.26 -0.16-0.69 227 0.26 -0.04-0.55  .086
NIE 0.15 0.08-0.22  <.001 0.17 0.07-0.26  <.001 0.13 0.03-0.22 .009
Percentage
Mediated 33.77 38.79 33.11

HSI, Hepatic Steatosis Index; TE, Total Effect; NDE, Natural Direct Effect; NIE, Natural Indirect Effect
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Table 14. Mediation analysis for NAFLD outcome

Total Male

Female
Estimate 95% CI Estimate 95% CI Estimate 95% CI
TE 1.17 1.04-1.33 1.13 0.96-1.25 1.21 1.05-1.39
NDE 1.12 1.00-1.26 1.07 0.92-1.20 1.16 1.00-1.33
NIE 1.04 1.02-1.07 1.04 1.02-1.08 1.05 1.01-1.08
Percentage
Mediated 24.98 32.09 25.60

NAFLD, Non—-Alcoholic Fatty Liver Disease; TE, Total Effect; NDE, Natural Direct Effect; NIE, Natural Indirect Effect
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ABSTRACT

Association between Korean Healthy Eating Index and
non—alcoholic fatty liver disease : the mediation analysis of high

sensitivity C-reactive protein

Gun Hee Lee
Graduate School of Public Health
Yonsei University, Seoul, Korea

Background and Purpose : Non-Alcoholic Fatty Liver Disease(NAFLD) is
a major cause of chronic liver disease and can progress to end-stage liver
disease without any special symptoms, requiring long-term follow-up
management. It also affects cardiovascular disease, metabolic syndrome,
and chronic kidney disease, so prevention and treatment are important.
Nutritional imbalances caused by westernized diet affect chronic disease
including NAFLD, eating habits and chronic inflammation are reported to be
associated with NAFLD. Therefore, this study aims to analyze the association
between Korean Healthy Eating Index(KHEI) and NAFLD, high sensitivity
C-Reactive Protein(hsCRP), which is an inflammatory indicator, and the
mediating effect of hsCRP in the relationship between KHEI and NAFLD.

Subject and Method: This study analyzed a total of 11,278 adults
between the ages of 19 to under 65 who participated in the 6-7 Korea
National Health and Nutrition Examination Survey(2015-2018). KHEI<50
was categorized as poor group, Hepatic Steatosis Index(HSI)>36 is defined
as NAFLD, hsCRP>1.0mg/L. is defined as a risk group. This study
conducted logistic regression and mediation analysis to identified the
association between KHEI, NAFLD, hsCRP and the mediating effect of
hsCRP in the relationship between KHEI and NAFLD.
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Results: when demographic and socio—economic factors and health factors
are adjusted, the odds ratio of the KHEI poor group being in the NAFLD
group was 1.15(95% CI=1.01-1.30) and being in the hsCRP risk group was
1.30(95% CI=1.15-1.46) compared to the non-poor group, which was
statistically significant. and the odds ratio of the hsCRP risk group being
in NAFLD group was 3.06(95% CI=2.77-3.39) compared to the normal
group, which was statistically significant. As a result of mediation
analysis, hsCRP has a mediating effect in the relationship between KHEI
and NAFLD. The percentage mediated was about 24.98%. mediated effect
according to gender was higher in males(32.09%) than in females(25.60%).

Conclusion: KHEI, NAFLD and hsCRP are related and hsCRP has a
mediating effect in the relationship between KHEI and NAFLD. Therefore,
for the prevention, early detection and management of NAFLD, overall
eating habit and inflammatory status are considered together, and
follow—up studies and development of various health policies are necessary.

Through this, we will be able to lead the people to maintain a healthy life.

Key Words: Korean Healthy Eating Index, Non-Alcoholic Fatty Liver Disease,

high sensitivity C-Reactive Protein, Mediation Analysis
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