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Association between Korean Healthy
Eating Index and abdominal obesity in
Korean adults: the mediating effect of
high-sensitivity C-reactive protein

Jina Yoon @ and Dayeon Shin ©®

Department of Food and Nutrition, Inha University, Incheon 22212, Republic of Korea

ABSTRACT

Purpose: High-sensitivity C-reactive protein (hs-CRP) is primarily synthesized in the liver
upon stimulation of infectious disease cytokines, such as interleukin-6 (IL-6), and is used as a
biological marker of systemic inflammation. Previous studies reported that hs-CRP is closely
related to diet and abdominal obesity. Furthermore, a dietary score favoring the consumption
of vegetables, fruits, and whole grains over meat and saturated fat reduced inflammation and
decreased the prevalence of obesity and abdominal obesity. Nevertheless, no studies have
examined whether hs-CRP mediates the relationship between dietary scores and abdominal
obesity, and research on the Korean Healthy Eating Index (KHEI) is lacking. Therefore, the
present study examined the association between the KHEI and abdominal obesity and the
mediating effect of hs-CRP.

Methods: In total, 17,770 adults aged >19 years were included in the study using the Korea
National Health and Nutrition Examination Survey 2015-2018. KHEI was developed to assess
the overall diet quality of Korean adults. Multivariable linear and logistic regression analyses
assessed the relationship between KHEI, hs-CRP, and abdominal obesity. The mediation
analysis with the bootstrapping method was performed using SAS MACRO.

Results: Among women, the odds ratio (OR) of abdominal obesity prevalence was lower

in the highest KHEI compared to the lowest KHEI after adjusting for age, body mass index,
educational level, income level, occupational status, marital status, household type, region
type, alcohol consumption, smoking status, physical activity, total energy intake, and hs-
CRP (OR 0.744, 95% confidence interval 0.598-0.926). The association between KHEI and
abdominal obesity was partially mediated via hs-CRP, and the mediated proportion was
68.7% in men and 38.1% in women.
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Conclusion: A substantial relationship was observed between the KHEI and abdominal
obesity among females. Moreover, according to the KHEI, abdominal obesity may be
mediated partially by hs-CRP.

Keywords: Healthy Eating Index; abdominal obesity; waist circumference; C-reactive protein;
mediating
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2 geleb A sfelel 47512 A dekiaelol dsksl ol 43757}

Bl 25k AT, o S o] B A ste] Al4a 4 Z7bsha glek [13). 1 Fol
HEHIUF" AP S Zefshe] chope ag Ao Mg U o]t 91y 2clos Ul
Z7hZITHe A da wE
3

= 5}-o] & B 153 91t} [9,10].

RS BPshs A A EE AFek T 02 AR E Al §FE Bol T 24 B7E
S5k M2 AW AHE Jef2 ZAfch kAR ulRsh S, A Ede] dEe
FUSHE M1 AT A A 7 S A0 MyM2 AR A A E 2P o] kel o3 HAF A

Aol E7ERIC] Foliet A AF o] fEHT [11,12]. ol H H|ThHE THd JFa} B o]
o Ma=FRofx HWEr} £S42 T4 C-HHg T (high-sensitivity C-reactive
protein, hs-CRP)7} S7Ftthal B 1|1 Qo] H|9het 7 = T A3 AEHlE yetdct
[13-15]. hs-CRP+= interlukin-6 (IL-6) 52| H P Z/d Ato]| E7RIQ] xt=of oJ5] 7Hof| A 2
= HA ARl A 52 HEEA BAIAFRE ARGE| AL QU T[16]

N

%) o] w2 chobeh 93] Aol he CRP % BRu|Rk} AkEof gk, 3 T
Tolq Tt A2, S, ERE, A SAES Bol HAHT AR AR A B
USSR A9 Lol A1 S AR 1A 2l w1o) el hecrt Lo

g/t 7F45Hs A3k Belo] Aglem [17], 34 8 O E, WA, 7he & B E o] A2 she
H%QQ%%ﬂ#ﬂ%ﬁ%mcwﬂ“*&ﬂgﬂzwwﬁi%qns&ﬂﬂ°ﬂm
SAaE ded APE FEE AaAADDS iAo S Aarl 71 AL nlAlRE 57
A& ZF A A 71T (odds ratio [OR], 0.51; 95% confidence interval [CI], 0.31-0.85) [19]. =&,
o] el 17 Apol aF 2w A B4 o] AE 2 Alo] EEF Fo| 5.2 Bo] TIgE A
i, 55| 55 e 24T 4 k= 22 BT 20].

H| Tk 9! 52Tk ghatol| A Al aket g Svh2 X & 9 geof nje a3k 21l
oz A I ool 3t S ghrhal B H Bh7E Tk [21]. B
St Alo] Hel-& F45h=A] H7Fohs thAl| A1 A€ 7FA] 4> (Alternative Healthy Eating Index,
AHEI)= &2 8]0k} of o] Ak o] Q11 (OR, 0.61; 95% CI, 0.42-0.90) [22]. 3t =2 4
9] 20| ZFA| 4> (Dietary Inflammatory Index, DI+ S-5H]|7He] 93] Q9lo] & 4= Q1=
710 2 LUFEFEO 1 (OR, 1.42; 95% CI, 1.14-1.78) [23], A3l 4] AAS 7|20 2 7Ed #]| =
3| A Al 4> (Mediterranean diet score, MDS)7} 108 &7Fe4& & 8] 58|71 1.7 cm 44
20 2 UEHT [24]. Al o] el 11T ALo] o] w|FA U F-2 oF 2] S 5HA| R Al 7HA]
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2 % 4 9I9lth. U AR hs-CRP7} A o] 40t BRu]gko] TA| S vl sH=A) o]
RE 2ARE AT glon, § FUAFYFEAL HlolH S F e A AR A
P

4* (Korean Healthy Eating Index, KHEI)°l| th$t A 41+= T 6 & 0| &-5F Aol ct uheta] 2 A
L EYUAE KHEL BEHAE BRu|T0 2 M sto] £ w4 Afolo] BN S B

30, 5 14 AFo]of A hs-CRPS] PN &3 ok A Sk,

¢}

A
2 A= ATl XY 20152018 AN AGFFERAL AR E ET= Y=Y
o}, FRIAG IR YAAE N AFEEZAE ARRAE FUZRALFZ HAlH O]
E| & 28101, A OIS TH19A] o] 4 Ad /1ol Al4=R-57} obd A= 53Tt 25,066
% otefe] F&of G E = /g A= & AL Aol A A 2] 5T 1) 845 (n=2,645),
A2ELZE (n=68), ALGF (n=41), UTcﬂT(n 94), SA A (n=14), AAZFAE n=
69), A AZFA 4 (n = 67) ZFol ZZ%]Q1 A} 2) & of| L A] A2 7} 1< 500 keal 7] FF 4= 5,000
keal O]F o0& YR F2 dF % HH AL T st AFZ A FH 3 A (n = 3,128); 3) hs-CRP
Fx|ef A Y2 7R 4=0] &5 gho] A5 X% A} (n=1,151); 4) 51 & &2l 2] gho] ASX]Q1 At
(n=19). 9ol s Fot= qwx}i A QJ5to] HFAH 02 17,770 Q] TR (F4d 7,594, A4
10,176)& &4 o] o] &3} T} (Fig. 1).

Atol] -85 20152018 I RIAZ I FRAL A= 5 2015, 20161, 2017'H-2 A3
A2z AE D 5H AY7E A2z Ad Alise et 27171 21 FaEEE 9
5} Aol sfidsto] Atgel Al el 93] Aol & vk ekal 43519l o, 2018 F-

A2l E A, AR A3RF AlE 52 efste] Atael Aol E AN E AT (5]
2:2018-01-03-P-A).
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A} cate) MRk el A gte) g w7kshy) 918 2015dlol g ael Wt gl oret
SlofjA] 7ot KHEIS 2831t [2]. KHEIE= =AY FEA B0l B S 7]Rhe 2 WHy
T HEAFIE 2 4851 9 R0l s AU EIsiont 3 RO 2y
It 14852 3 W47F 100015 7] o 2 2 e, AAte] FRE ool 835
ofol 335 (%), k] 297 Folol 322 (1570 2 735l
2 443 Fhol =2felof mhe ATAE 2 Y 444 W
210747} 57 0] QlT}. o AALE 2 53] 0f| A 73] A H5H= A9,

L}

ox

1T G A G2 S F00 ST o), 01 5ol 4uS o4 B 1

9.5 9 AT L k2ol 1549] o) A H5HE 7490l H T H4 108ol SF ek, §2L o
0] 0.33] o] A FH o= A%, sHFol G4 3T, o] 29l o] F Y (2 xS A
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Respondents of KNHANES (2015-2018)
(n =31,649)

l

Exclusion of pregnant and lactating women
(n =31,381)

|

Age 219 years
(n =25,066)

Excluded missing data of

- Education level (n = 2,645)
- Household income (n = 68)
- Employment status (n = 41)
- Drinking habits (n = 94)

- Smoking status (n =14)

- Physical activity (n = 69)

- Body mass index (n = 67)

Exclusion of participants with energy intake
less than 500 kcal or higher than 5,000 kcal
(n =3,128)

Exclusion of participants with missing
information on Korea Healthy Eating Index
and high-sensitivity C-reactive protein
(n=1,151)

Exclusion of participants with missing
information on abdominal obesity
(n=19)

Final study population
(n =17,770)

!

!

Men
(n =7,594)

Women
(n=10,176)

Fig. 1. Flow chart for the study design: participants and exclusion criteria.
KNHANES, Korea National Health and Nutrition Examination Survey.
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A 1599, oA 19 ol A A FH 5= 75‘“?“, 5t

F ke

7ol 859 o] Mg A Hdhe B9, ARG 5= At Has dhrol st of
& A Fshe Aol 42t 2|2 4> s ol s st ATt

A G2 AlStels AF 2 FTE AR ARG g }s}% gojog JEES A
g5l F1 HAHF hFoll 2,000 mg o] sk HH Al 2L M4 1042 704510, 6,500 mg
2 AH AT HAH I 04 & Fofstalet. ZSA YA Hl%%%j d ol 2] 2] 79% o] 5kl
¢ 21 1082 FoshH, 10% 23h= A 0= Fofshltt. B, 2572 ol
A 43 g FE2 20151 2Rl YA A F 7] Foll et 7 A st 9l 10% ol st
Q179 2L A4 104, Rl 1 200% 23R A9 2 A W4 042 Fofshict.
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Al 3 @2 ol 2] A H 2] 72 F7ote Y2 Fhele] YAl H 7ol wfet o
2] A7 vlgo] B3k 55-65%0| AL AW 15-30% 2 A H Al 24 FEe] 2o H4= 53
£ Fojstar, ehpshEo] A3 H| 0] 50% 1Tt = 75%S 2 aFet AL A %e] A H v]-&o]
10% VIR = 35%5 226 2 2] 4 084S Folshqit. olu A= oA A H gt 5
g0l A @415 thiH] H|E-0] 75-125% | WHY A] 2t 4= 53, 60% P THo] ALt 140%E =
ot 2 A M 08 o5kl

DU C-4hg Hrun

hs-CRP+= Cobas & &4 7] 2} Roche Cardiac C-Reactive Protein High Sensitive A| 2F2 A&-5}
of Y g =28 (Immunoturbidimetry) @2 XY= it v]=A1%3 3] (American Heart
Association, AHA 9]' o] =+ 2 ¥ ZA4| of A E] (Centers for Disease Control and Prevention, CDC)
o] A17]EE 2R hs-CRP -2 1 mg/L PIRFO| 9 9] o] Y31, 1-3 mg/Lo| ¥ B+ 5’—]54
>3 mg/LO|H =2 g o2 o5ttt [26]. SFA| T o] &gt 7| &2 A Q1o 2- &
2172 7|90 2 AAE 9 oM, AT 9l o] v]5) 3 4 2le] CRp 4% 7 Wk o177
A7} Tk [27]. wekA] 2 A= Son 5 [28]9] TS 7|RF O & hs-CRP 28] AR X 7HS
>1.0 mg/L2E 2|5t > 1.0 mg/L= H T E < 1.0 mg/Le BT L2 Aot L, o] =
ofAfof Q1FHof| M =3 o] 3 e} A |8t T [29].

ruru>{‘j

rl

HueH|ol oy}

th/d7te] ERueE Y=g utefsty] ffste] slEf sl S A B2 E-85tlr. thetH|tete]
3019l 71&= 313}01 &2 S| 7F Y4 90 cm ©]4, o4 85 cm 0] ARl S EHu|ThL O
2 o5t

7|E} tH4 -t

A t3ARe] QIFARS] B A EERANE B8slon, Y, A, s +F, 7t
T a5, Ad L 2EAH, AF AG W7 30 i A B S xRk wg 222
EESA o3k, FIA, LESA, et ol 4 FO2 VT A5 S FL 4RSS
(8F, F5t, T4, )5 E&stol BRsHth AU f7ol w2t 2o o2 F25k3la,
AEAE= mE&n 7o, AF AL T e Fasto] = At 5o
EA o2 Z2FRSAC 7 RS 1 7 -2k 29 o)) Tl kRl A=
AEFokle

AR 55, 5, AAZE o7& 2=, &5 olF= B &5 4ol ©l
A HT1d St € 18] mfte 2 npth QI o2, Sl 18] = 2-43] 2 nhAl ot
A AGe F5, AFdol 2-38] =L 43] o] & it TS 52 F 3719
T2 RSt FA AR B FAA, WA FAAb, FA FAAP ] L2 2
FOIAL, AAEF AR = AFdoll A= AAE TS 241 308 oS shAU 1=
AAZES 1A ISR ol T AL} I E AASES 4ol M (AFE1ES SHE
22) 2 5ol dshe Alte A A AT AHEA Pe 2oz LEsHAT
AAAIE AN AR 2AL A THE E-8510 T A A FA] 4 (body mass index, BMI)& A7 7}
%S &-85)0] AH=E35H9th (BMI = Weight [kg]/Height [m?]).
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2} (standard error, SE)S WEMHI, HFY dlo]E= 7lo|AlF =

H% (n) L BHE-E (%) UER QI KHEL hs-CRP, B H|uke] Bed A4S ulolslr] 9s)
A 0 2 v B2 hs-CRPE 271 |22 &3l A1 P A = : 251l

S|HEA (multivariable linear regression analysis)ll' = 22| AE 324 (multivariable
logistic regression analysis)< AF-8-5104 KHEIZ & 58] THe] ¥+ /4d, KHEIR} hs-CRPL] 37/,
hs-CRPE} B2 H[Tke] #ad/d-S &RlI5teltt. o] & 53l 2 2H| (0R) & 95% 12| 3F (95%
S FoF 2T, pvalue %Fo] 0.05 BIFHQI H9-5 SAA /-2]/do] Aokl st
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Table 12> -7 H| o] wh2 Aol /d=te] Luba 5/ WeRitt €3 7,5047, 173 10,176
ol = At HA & R HThE2 2,587, /g2 5,0078 2

o/ 2ke] oF 32.9%01 Sl 95T 01482 F-FH] R 2,869, 842 7,307 2.2 S
Rho] of g g Ate] oF 25.0%01l 31T 5H AT

AFALE] E4d3t HAH HLE HH A8, pMIS F/Ad 3 o]/ B B H|ThEo] g H
o} oI5k &tk (all, p < 0.05). I8 £F, & A 2h 4
W2 B 4 g9lolrh BHH|uLo| A 2538t o]5 £ 37.6%, ¥ 1009+ B9k 27.79%, B
HAA7}55.9%= 7HE ok o m, A/t tighal o] = 43.3%, € 300%HY 0]/ 35.0%,
DA 57.1%= 7 kT (all, p < 0.05). 22 5= G142 BRu|THL, A B o
To] 7| Xt FOoloHAl XA, 7 F 2 FH Q] ERu| T, A BR 2%l o
7HE71H1Q1 7HE R 30 5HA] =9kt (all

x)
s
=3
o
A
@]
@]
3

Al DAY Aol M SFE ol M felshAl @okm, ol4dold B g5t
A 7 2 138) wiko] 71 f-2fshAl =3kt (p < 0.05). FA2 W/oIA Rt frofgion,
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Table 1. General characteristics of the subjects according to abdominal obesity?

Characteristics Men (n = 7,594) p-value Women (n = 10,176) p-value
Abdominal obesity =~ No abdominal obesity Abdominal obesity  No abdominal obesity
Participants 2,587 (32.9) 5,007 (67.0) 2,869 (25.0) 7,307 (75.0)
Age (yrs) 47.62 + 0.36 45.44 +0.30 <0.001 56.45 = 0.40 45.39+0.25 <0.001
BMI (kg/m?) 27.93 £ 0.07 22.95 = 0.04 <0.001 27.69 = 0.07 21.92 + 0.03 <0.001
Education 0.255 <0.001
Elementary school or lower 403 (9.9) 799 (10.1) 1,283 (37.6) 1,339 (13.1)
Middle school 280 (8.3) 539 (7.7) 372 (12.6) 680 (8.0)
High school 866 (35.4) 1,710 (37.8) 725 (29.8) 2,410 (35.5)
College or higher 1,038 (46.5) 1,966 (44.4) 489 (20.0) 2,878 (43.3)
Household income (10,000 won/month) 0.896 <0.001
<100 469 (13.8) 860 (13.3) 908 (27.7) 1,126 (12.5)
100-200 636 (22.7) 1,215 (22.4) 800 (27.5) 1,699 (22.4)
200-300 711 (30.1) 1,389 (29.9) 654 (25.3) 2,087 (30.1)
> 300 771 (33.4) 1,543 (34.4) 507 (19.5) 2,395 (35.0)
Occupational status 0.351 <0.001
Employed 1,850 (75.8) 3,573 (74.7) 1,235 (44.1) 4,087 (57.1)
Unemployed 737 (24.2) 1,434 (25.3) 1,634 (55.9) 3,220 (42.9)
Marital status <0.001 <0.001
Single 2192 (77.2) 3,920 (69.3) 2,724 (92.6) 6,144 (77.9)
Married 395 (22.8) 1,087 (30.6) 145 (7.4) 1,163 (22.1)
Household type <0.001 <0.001
Single-person households 260 (9.1) 560 (10.2) 535(13.2) 786 (8.2)
Multi-person households 2,327 (90.9) 4,447 (89.8) 2,334 (86.8) 6,521 (91.8)
Region 0.003 <0.001
Urban 2,027 (83.9) 4,080 (86.7) 2,219 (82.9) 6,136 (88.3)
Rural 560 (16.1) 927 (13.3) 650 (17.1) 1,171 (11.7)
Drinking status 0.117 <0.001
None 769 (27.3) 1,512 (28.1) 1,905 (62.5) 4,085 (51.7)
Moderate 879 (36.6) 1,767 (38.6) 669 (26.5) 2,390 (35.7)
High 939 (36.1) 1,728 (33.3) 295 (11.0) 832 (12.6)
Smoking status <0.001 0.743
Never 540 (22.7) 1,266 (28.0) 2,568 (88.8) 6,584 (88.8)
Past 1,198 (41.6) 2,130 (37.4) 156 (5.5) 397 (5.9)
Current 849 (35.7) 1,611 (34.6) 145 (5.7) 3926 (5.3)
Physical activity <0.001 <0.001
Yes 1,446 (51.7) 92,571 (46.9) 1,879 (61.8) 4,022 (51.8)
No 1,141 (48.3) 2,436 (53.1) 990 (38.2) 3,285 (48.2)

Categorical variables are represented as numbers (%) and continuous variables are represented as mean + standard error. The p-values were based on the t-test
for continuous variables and the % test for categorical variables.

BMI, body mass index.

YAbdominal obesity is defined as a waist circumference of 90 cm or more for men and 85 cm or more for women.

A FARTE BT 41.6% /¢ 37.4% 2 7HE BT (p < 0.05). A AHEHE FAEA
A E AP EZ Rlstgl o did o] HRuE|ThE, of /g o] FH Tk, g2 A st
= O] 242} 51.7%, 61.8%, 51.8% % A HEHA] = TR O w9t on, Wi o] Hda2 A
H3}A] o= 0] 48.3%2 T =S4T} (all, p < 0.05)

AT CiEAle] S5 u[Ttof| WHE AHEHHILX] 4= M

Table 22 15T/ AFe] HFu|Rtol uh KHEI A4~ AHS WERRlth & Has d 27

= -

< —
F2lak 2to] 7} Qlgleh KHEIS] A ol U nEHE A F L 1A Hrrg o
©) 49, AR ot g Melst A4 A, 378N DL Y TR

7/l Bl 2] S| = ATk (all, p < 0.05). o1/d ol A= oF A Atef i, b= A 3, 5 A
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Table 2. KHEI of the study participants based on the presence of abdominal obesity

Variables Men (n = 7,594) p-value? Women (n = 10,176) p-value
Abdominal obesity No abdominal obesity Abdominal obesity No abdominal obesity
Total KHEI score (0-100) 61.39+0.30 61.55+0.24 0.667 64.75 + 0.30 64.53 +0.21 0.530
Component of KHEI score
Adequacy
Breakfast (0-10) 7.02 £0.10 7.01 + 0.07 0.911 7.93 +0.08 7.10 = 0.06 <0.001
Mixed grains (0-5) 2.01 £ 0.05 1.92 + 0.04 0.163 2.22 + 0.05 1.97 £ 0.03 <0.001
Total fruits (0-5) 1.74 £ 0.05 1.82 +0.04 0.164 2.67 = 0.05 2.61 +0.03 0.233
Fresh fruits (0-5) 1.96 = 0.06 2.01+0.04 0.428 2.84 + 0.06 2.78 £ 0.03 0.258
Total vegetable (0-5) 3.79+0.03 3.71+0.03 0.065 3.40+0.03 3.19 +0.02 <0.001
Vegetable, excluding kimchi and pickles (0-5) 3.40 = 0.04 3.28 £ 0.03 0.012 3.14+ 0.04 3.04 £ 0.02 0.016
Meat, fish, eggs, and legumes (0-10) 7.54+ 0.07 7.34+ 0.05 0.015 6.55+ 0.08 7.02 + 0.04 <0.001
Milk and dairy (0-10) 2.98 +£0.10 3.08 £ 0.07 0.437 3.02+0.10 3.75 +0.07 <0.001
Moderation
Sodium (0-10) 5.33+£0.08 5.61 + 0.06 0.007 7.63 = 0.07 7.58 + 0.04 0.438
Saturated fatty acid (0-10) 7.39+0.09 7.40 +0.07 0.935 8.08 £ 0.09 7.37 + 0.06 <0.001
Sweets and beverages (0-10) 9.12 + 0.06 9.11+ 0.04 0.857 9.25+ 0.05 9.08 + 0.04 0.005
Balance
Carbohydrate (0-5) 2.64 +0.05 2.66 + 0.04 0.686 2.11 £ 0.05 2.56 + 0.03 <0.001
Fat (0-5) 3.44 +0.05 3.43+0.03 0.919 2.90 = 0.05 3.41+0.03 <0.001
Total energy (0-5) 3.03£0.05 3.16 £ 0.04 0.041 2.98 + 0.05 3.10+0.03 0.044

Continuous variables are represented as mean + standard error.

KHEI. Korean Healthy Eating Index.

YThe p-values were based on the t-test for continuous variables.
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Table 3. Adjusted OR and 95% Cls for tertiles of KHEI according to abdominal obesity

KHEI scores

Unadjusted model

Model 1% Model 22 Model 3% Model 4%

OR (95% Cl)

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

Men
Tertile 1 (n = 2,429)
Tertile 2 (n = 2,546)

Tertile 3 (n = 2,619)
Women
Tertile 1 (n = 3,219)

Tertile 2 (n = 3,399)

Tertile 3 (n = 3,558)

1.00 (Ref.)
1.047
(0.912-1.201)
0.991
(0.868-1.132)

1.00 (Ref.)
1.174
(1.031-1.338)
0.951
(0.830-1.090)

1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
0.517 0.989 0.880 0.952 0.646 0.990 0.928 0.989 0.924
(0.861-1.137) (0.762-1.118) (0.791-1.239) (0.790-1.239)
0.897 0.901 0.135 0.865 0.204 0.940 0.591 0.942 0.607
(0.787-1.033) (0.692-1.082) (0.750-1.178) (0.752-1.182)
1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
0.016 0.868 0.046 0.951 0.646 0.934 0.533 0.924 0.471
(0.755-0.997) (0.768-1.178) (0.754-1.158) (0.745-1.146)
0.471 0.590 <0.001 0.773 0.018 0.752 0.011 0.744 0.008
(0.511-0.681) (0.625-0.956) (0.604-0.936) (0.598-0.926)

OR, odd ratio; Cl, confidence interval; KHEI, Korean Healthy Eating Index; BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein.
YModel 1: Adjusted for age; ?Model 2: Adjusted for Model 1 plus BMI, education, income, occupational status, marital status, household type, and region type;
Model 3: Adjusted for Model 2 plus drinking, smoking, physical activity, and total energy intake; ¥Model 4: Adjusted for Model 3 plus hs-CRP.

Table 4. Adjusted OR and 95% Cls for tertiles of KHEI according to hs-CRP

KHEI scores Unadjusted model Model 1Y Model 22 Model 3%
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Men
Tertile 1 (n = 2,429) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Tertile 2 (n = 2,546)

Tertile 3 (n =2,619)
Women

Tertile 1 (n = 3,219)

Tertile 2 (n = 3,399)

Tertile 3 (n = 3,558)

0.912 (0.790-1.052) 0.206  0.848 (0.732-0.981) 0.027 0.858(0.736-0.999) 0.048 0.880(0.755-1.025) 0.100
0.851(0.737-0.982) 0.028  0.753 (0.648-0.874) <0.001 0.796 (0.678-0.934) 0.005 0.832(0.708-0.977) 0.025

1.00 (Ref.)

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

0.983 (0.865-1.117) 0.790  0.886 (0.778-1.009) 0.068 0.932 (0.817-1.064) 0.298  0.923 (0.807-1.055) 0.239
0.891 (0.788-1.007) 0.065  0.760 (0.669-0.864) <0.001 0.875 (0.765-1.002) 0.054  0.861 (0.749-0.989) 0.034

OR, odd ratio; Cl, confidence interval; KHEI, Korean Healthy Eating Index; hs-CRP, high-sensitivity C-reactive protein; BMI, body mass index.
YModel 1: Adjusted for age; ?Model 2: Adjusted for Model 1 plus BMI, education, income, occupational status, marital status, household type, and region type;
9Model 3: Adjusted for Model 2 plus drinking, smoking, physical activity, and total energy intake.
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Table 5. Adjusted OR and 95% Cls for KHEI and its components according to hs-CRP

Variables Men (n = 7,594) Women (n = 10,176)
AOR (95% CI) p-value AOR (95% Cl) p-value
Total KHEI score (0-100) 0.992 (0.987-0.998) 0.006 0.997 (0.993-1.001) 0.167
Component of KHEI score
Adequacy
Breakfast (0-10) 0.987 (0.969-1.006) 0.181 0.998 (0.980-1.017) 0.859
Mixed grains (0-5) 0.956 (0.929-0.984) 0.002 0.988 (0.962-1.016) 0.395
Total fruits (0-5) 0.974 (0.943-1.006) 0.112 0.961 (0.936-0.986) 0.002
Fresh fruits (0-5) 0.975 (0.947-1.004) 0.088 0.977 (0.954-1.001) 0.055
Total vegetable (0-5) 0.969 (0.926-1.015) 0.180 0.975 (0.936-1.016) 0.228
Vegetable, excluding kimchi and pickles (0-5) 0.960 (0.921-1.000) 0.050 0.984 (0.949-1.020) 0.370
Meat, fish, eggs, and legumes (0-10) 0.989 (0.966-1.013) 0.383 0.990 (0.971-1.008) 0.271
Milk and dairy (0-10) 0.992 (0.978-1.007) 0.284 1.014 (1.001-1.027) 0.041
Moderation
Sodium (0-10) 0.995 (0.972-1.018) 0.642 1.000 (0.978-1.023) 0.985
Saturated fatty acid (0-10) 0.999 (0.982-1.016) 0.912 0.990 (0.975-1.006) 0.236
Sweets and beverages (0-10) 0.962 (0.937-0.987) 0.004 0.980 (0.958-1.002) 0.078
Balance
Carbohydrate (0-5) 1.010 (0.982-1.039) 0.490 1.009 (0.982-1.038) 0.506
Fat (0-5) 1.017 (0.987-1.047) 0.276 1.021 (0.994-1.049) 0.123
Total energy (0-5) 0.995 (0.969-1.023) 0.733 0.987 (0.963-1.012) 0.320

Adjusted for age, body mass index, educational level, household income level, occupational status, marital status, household type, region type, alcohol
consumption, smoking status, physical activity, and total energy intake.
AOR, adjusted odd ratio; Cl, confidence interval; KHEI, Korean Healthy Eating Index; hs-CRP, high-sensitivity C-reactive protein.
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A S B Model 1, Q1 FAFS] EAJS 2712 B3 Model 20| A= log hs-CRP7} 1 mg/L
S7tgol whet sl g E2 7t f-2l st S7Fskl o, o] = Q1AL E4d, - Eet B
HPEES 2% HASE Model 3914 & log hs-CRP7} 1 mg/L &7}3to]] m}a} 52|87} 22+
0.4439 cm, 0.4106 cm 3] 5HA] Z718F th (all, p < 0.001).

Table 7-2 hs-CRP 412 7| & IO R ol T4 Q) BRI o5 22 AF 3]
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A AT SRS BT At W RRol A f-of gt e o] UG H/d 2]
74 HASA] 22 Model, ¥ S A3 Model 1, Q1 AN EAJS 2712 B AT Model 2

Table 6. Association between tertiles of log hs-CRP and abdominal obesity

Model Men (n = 7,594) p-value Women (n = 10,176) p-value
Beta + SE Beta + SE

Unadjusted 3.030+0.151 <0.001 3.993+0.134 <0.001

Model 1V 2.960 = 0.153 <0.001 3.416 +0.131 <0.001

Model 22 0.473 + 0.059 <0.001 0.417 £ 0.055 <0.001

Model 39 0.444 + 0.059 <0.001 0.411 + 0.055 <0.001

hs-CRP, high-sensitivity C-reactive protein; SE, standard error; BMI, body mass index.

YModel 1: Adjusted for age; ?Model 2: Adjusted for Model 1 plus BMI, education, income, occupational status,
marital status, household type, and region type; ¥Model 3: Adjusted for Model 2 plus drinking, smoking, physical
activity, and total energy intake.
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Table 7. Adjusted OR and 95% Cls for hs-CRP levels according to abdominal obesity

hs-CRP Unadjusted model Model 1V Model 22 Model 3%
OR (95% Cl) p-value OR (95% Cl) p-value OR (95% CI) p-value OR (95% Cl) p-value

Men

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

Risk (> 1.0) 9.530(2.242-2.856) <0.001  2.494 (2.209-2.816) <0.001  1.496(1.243-1.802) <0.001  1.451 (1.205-1.747) < 0.001
Women

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

Risk (> 1.0) 3.369(3.036-3.737) <0.001  3.230(2.886-3.614) <0.001  1.355(1.148-1.599) <0.001  1.349 (1.141-1.594) < 0.001

OR, odd ratio; Cl, confidence interval; hs-CRP, high-sensitivity C-reactive protein; BMI, body mass index.
YModel 1: Adjusted for age; ?Model 2: Adjusted for Model 1 plus BMI, education, income, occupational status, marital status, household type, and region type;
Model 3: Adjusted for Model 2 plus drinking, smoking, physical activity, and total energy intake.
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Table 8. The mediation effects of hs-CRP on the associations of Korean Healthy Eating Index with abdominal
obesity: men

Effect Men
Beta 95% ClI p-value
Lower limit Upper limit

Unadjusted
CDE -0.01803 -0.03237 -0.00369 0.014
NDE -0.01803 -0.03237 -0.00369 0.014
NIE 0.00762 0.00379 0.01144 <0.001
Total effect? -0.01041 -0.02523 0.00440 0.168
Proportion mediated? NAY

Model 19
CDE -0.01194 -0.02692 0.00304 0.118
NDE -0.01194 -0.02692 0.00304 0.118
NIE 0.01459 0.01056 0.01861 <0.001
Total effects 0.00265 -0.01276 0.01807 0.736
Proportion mediated NA

Model 29
CDE 0.00499 -0.00697 0.01695 0.413
NDE 0.00499 -0.00697 0.01695 0.413
NIE 0.00622 0.00382 0.00863 <0.001
Total effects 0.01122 -0.00094 0.02337 0.071
Proportion mediated 0.55494

Model 39
CDE 0.00252 -0.00973 0.01477 0.687
NDE 0.00252 -0.00973 0.01477 0.687
NIE 0.00552 0.00308 0.00795 <0.001
Total effects 0.00804 -0.00442 0.02049 0.206
Proportion mediated 0.68668

hs-CRP, high-sensitivity C-reactive protein; Cl, confidence interval; CDE, controlled direct effect; NDE, natural
direct effect; NIE, natural indirect effect; NA, not available.

YTotal Effect = NDE + NIE.

2Proportion Mediated = NIE/Total Effect.

JNA means the proportion of indirect effects could not be explained because the direction of the indirect and
direct effects were opposite.

“Model 1: Adjusted for age; Model 2: Adjusted for Model 1 plus body mass index, educational level, household
income level, occupational status, marital status, household type, and region type; Model 3: Adjusted for Model
2 plus alcohol consumption, smoking status, physical activity, and total energy intake.
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Table 9. The mediation effects of hs-CRP on the associations of Korean Healthy Eating Index with abdominal
obesity: women

Effect Women
Beta 95% ClI p-value
Lower limit Upper limit

Unadjusted
CDE -0.02789 -0.04050 -0.01528 <0.001
NDE -0.02789 -0.04050 -0.01528 <0.001
NIE 0.00330 -0.00172 0.00832 0.198
Total effect? -0.02459 -0.03816 -0.01102 <0.001
Proportion mediated? NAY

Model 19
CDE 0.03406 0.02189 0.04623 <0.001
NDE 0.03406 0.02189 0.04623 <0.001
NIE 0.01187 0.00743 0.01632 <0.001
Total effects 0.04594 0.03301 0.05886 <0.001
Proportion mediated 0.25850

Model 29
CDE 0.00571 -0.00383 0.01525 0.241
NDE 0.00571 -0.00383 0.01525 0.241
NIE 0.00271 0.00054 0.00488 0.014
Total effects 0.00842 -0.00136 0.01820 0.091
Proportion mediated 0.32203

Model 39
CDE 0.00381 -0.00601 0.01362 0.447
NDE 0.00381 -0.00601 0.01362 0.447
NIE 0.00234 0.00012 0.00457 0.039
Total effects 0.00615 -0.00391 0.01621 0.231
Proportion mediated 0.38106

hs-CRP, high-sensitivity C-reactive protein; Cl, confidence interval; CDE, controlled direct effect; NDE, natural
direct effect; NIE, natural indirect effect; NA, not available.

YTotal Effect = NDE + NIE.

2Proportion Mediated = NIE/Total Effect.

JNA means the proportion of indirect effects could not be explained because the direction of the indirect and
direct effects were opposite.

“Model 1: Adjusted for age; Model 2: Adjusted for Model 1 plus body mass index, educational level, household
income level, occupational status, marital status, household type, and region type; Model 3: Adjusted for Model
2 plus alcohol consumption, smoking status, physical activity, and total energy intake.
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Aol Al 2 AHEI 47} hs-CRPE HI 23 A5 A1 39| Zraof whedo] luk= 212 Bl
H} 1T [36]. Ford G [37]2] 20A1] ©]/32] 1] =91-& T4} O & HEI d#% hs-CRPE H| 13 &
o kol =, HET 47} hs-CRP 5= 5 o] A5 Bdlen, 5] 4 &
55 A=A1571H&5E hs-CRP =2 vl 2A 7} ATt [38]. EEﬁi, G, aER
o =] d HH]-& 3} hs-CRPE A7 HH O] Y =70l A I o o] At S H AT [39,40].
g AdFe W A 2232 S7HA171H [41], S7HE W AR 222 hs-CRP, IL-67F 2
2 AEZA Aol EF1Q1-& A/ st B 1 W v} Rt} [42]. Esmaillzadeh 5 [43]2] 40-604] 5
0:1“91 I Bl A4 A HF hs-CRPO] ¥EdAd A tof mh=r Ay} oA Aol W

= hs-CRPE =7} SobAlt, o] & F/doll M KHEIS] FAZ=R! A=A F, I/, 557
4 Oﬂl—ixl“wﬂl & H47 =S4 hs-CRPYUF T FHE0| 24T, oJAloA & 2}
L AH APt E=25F hs-CRPUF T A E | Haste 2 A2 2t fAlsHH:. o
H, & AFolM = ofdollA -7 B FAIE AFH A7t 2555 hs-CRP A T0] 2 2
ZH|7} ol S7tshe AdE UEAI T, fA1E A3 2k 9573 Hiol 2up7 ol m x| =
%‘6&2 7157 AT Aite 22 Ae/gol AMAY Fof et At ATt [44,45]. ©]= ¢
B RAlE A3 ol HE, otol 23" 5o A EE I {A1FS EFSHAL 9lo] Zpo]
ZHAE Ao F5HH

o] 4 470l Al = hs-CRPSF Qi H]2h B 531 1|5k Abo] o] 215+ Aol
[46,47). A% 274 & Abo] £7}Qlo] u] & S5}0, o] & hs-cRPS) 2 A& FA3HA ©

ok 2H2 W A 27, ogtobs Erjobd Z2iAlE 2 /2] A4S v E5to] Aol EFL
QI HHIE S7HA71aL A5 B2 S5k o [48]. Ul B AFE A 2T, Song &
[49]9] 2013-2015'H 0]l Al & A RNHZ P LA AR E 0] &8 Aol A of o] FHu|qt
3} hs-CRPAFO]of] 3-2] 5 QFo] A3t g o] HHZA = ATt (OR, 2.84; 95% CI, 1.16-6.96).
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