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Abstract

This study was intended to develop a Korean-dietary inflammatory index (K-DII) for metabolic disease patients,
by using health examinee cohort data. It was also intended to evaluate the validity of K-DIL

Based on 18 food groups in the Korean Genome and Epidemiology Study (KoGES), food groups were reclassified
into 51 groups. Food groups showing significance correlation with hs-CRP by binomial logistic regression analysis
were selected. In order to evaluate the validity of the developed K-DII, the researchers analyzed the correlation with
health indicators and the relationship between the odd ratio of metabolic syndrome and K-DII. ANOVA and logistic
regression analysis were carried out, according to tertile of K-DII, by using SPSS 23 version.

Final 17 food groups were selected as factors utilized for the formula to calculate the K-DII assessment tool. The
formula was the sum of product of intakes and beta values in each food group. A significant difference was shown
in age, body mass index, waist measurement, diastolic blood pressure, triglyceride and hs-CRP, according to tertile
of K-DII. In the results of analyzing metabolic syndrome risk according to K-DII, it was shown that metabolic syndrome
risk in the group having the highest K-DII was 1.204 times higher than the lowest K-DII group (95% CI;
1.123-1.290)(p=0.002, p for trend=0.000).

The K-DII was composed of food groups that represented the inflammatory potential in Korean diet. Its strong
relationship with metabolic syndrome showed a usefulness in assessing the inflammatory status of total diets. It is
hoped that the K-DII can be utilized in actual clinical settings as a nutritional assessment tool, after validation in
different metabolic disease patients.
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1E 3 9JtK(Feingold & Carl, 1992). Y=g o] JS et al, 2015), Segguimiento Universidad de Navarra
Fon 2elR gEHe 95AEE high sensitivity  (SUN) Cohort AH& 22X ZAio|X & 2AHZA 57}
C-reactive protein(hs-CRP), NF-kB(nuclear factor kappa =o}&5E A dAA A3t 4E Iy} Frlske=
B), IL-6(interluekin-6), TNF-a(tumor necrosis factor a) Ao =2 HIFUTHRamallal et al., 2015). ZF>9]

g2 Adiponectin 5o 9loH, o|5e AdAA A, &

S sk #HAge] Qe o= dEA vk
(Mohamed-Ali et al., 1997; Tracy et al., 1997; Ridker,

2001). ©] = hs-CRPL2 America Heart Association 3}
The Centers for Disease Control and Prevention ©lJA]
AEAAAG A S0 PSS S8k 7122 Al
A8k v} ¢l o ™(Pearson et al, 2003), Zoll= hs-CRP7}
SR SAERA S AT Ajlo] Hal }

A=} 2APEFHele] BHEA AFE JokA A
TH 25 AAF R TeFebAl o] Foix|aL Sl ¢
F5 FaATlE QUi B3, R 2R
WAk, 2leldfy, e E, MERRI C Fol glen
(Kitabchi, et al., 2013; Ferrucci et al., 2006; Ma et al.,
2006; Bertran et al., 2005; Wannamethee et al., 2006),
F70 2= A4 2 HAF(Esmaillzadeh et al, 2006),
7 ol gtk mi AP} Aoz Azl
o] 4% ArKEsposito et al.,
2004). o]} WHHE 1AW & S5, LAY FAE 2
AAE T 55 Bol AFske A7 2 FH=
hs-CRP2} IL-6= U=
(Johansson-persson et al, 2014).

AAA el EH 122 531 Shivappa et al. (2014)9]]
o9 AR GASTARE DA F4AE 29
@ 5 glom, AL BAL Fa 3670 gact 9
el HEE WAstel AR Aol ol e
24 o] A% W] opd Aol AE Fl M

& % Qlrhs #o] 5902, DIl 7} At
AA vreket =7telA o, AdEA d3AE 5
& DIle} ASA5Ee] B3 Aol Y=L ot 7=
o tht® ATE Tl Vet I At wEd vl
2] National Health and Nutrition Examination Survey
[MI(NHANES M) &4 A3 DIV} S7H45 & AP
£, AR, 93U AR 9 7R 2
o8 yepgom(Shivappa et al, 2015), =3<le]
PREDIMED(Prevencion con Dieta Mediterranea) A&
Hod A9Ras agdPe o 243 A3
AIAFALI IS AN ERA AR JIE

7} ZolAE Ao m BudE vl ¢ o n(Garcia-Arellano

i

FENN=

Zog HY¥al

7§|oe

o2
;%

rBL JlNl

oz

Supplementation en Vitamines et Mineraux AntiXydants
(SU.VLMAX) Cohort A5 447}, & 2AGSA| R
= Al YFAEE =2l A= B Yt (Neufcourt et
al.,, 2016). o]9jd= T, 2, 85 5 &2
ZhollM DII ¢}e] 2 do] ®are v} gtk =ff DI
SR ETY 307 el AudnE 2
45} DIVE 2718 digetel Siart 27k Ao
2 Yephdt v} lem(Cho et al., 2016), =A|7HHESE =}
2 50 BT SIS S
A¥7F =2 Ao Hu¥ v} 9JtiKim & Sohn, 2016).

DIl ols} o] B s ¥4l Hrt Asin
7k Sht, #HLE BE AR A ol of

23 A4 T o) uhR2 At database R 3
< 7k stal gt d=elel HolHs e T4
o2 3, Zolut Azfe} A Wik FAo g k= 2
S staL Qo] euet =le] S4E& ukde A
sy 71%L f‘{ g=9 DII 7io] a7}, &3k o

1% I 0‘0% “OHM ZA} E-Véjﬂr

S A)#(Korean dietary mﬂammatory index; K-DIN)Z 7
shaa} steick. 53 KD ARMe] 232 ok
S17} obd A1) A TelelA F4al se] 4] o
FAFAFANE A Aol 7Pst w72 skt
sholck. ek KDY BRI 2492 ARbalr] 91s) =
IEEE AEE FEI] WIEFT Bl 98 A
o] ¥AIgto A K-DII -84 H712 Alajaieih

rﬁ
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15 Ts 7R 3t AR 2= <Table 1>3 32
RGBS ol 191 4528 Ao, & 37
M= gk=ele] AAMH 54 A4S S8l SR 2
O & ARLF ST =Rl R 49 ﬁ—ﬁc’aﬂ‘%oﬂ
7lo] k= vt & FAHEHOR A5 kEHE R, W
o T, WA, . P, S
=9AR, 9R, A SR BRshe] 971As
ST, U IARCQOY) o el A
Wz TRael FRARY, CANIEH, He AL,
gl 7ol 717 FRE TR, AihFe FAF A
7w 548 b AEle FReke] sz, o)
a7z, P, s, FRATE AL ¥
eAaEnlEe] 6714 ERE TR BTlo] A
F ol A AAE SUAE = o] Sistel
2 w2 PR3t S-F= Linseisen et al(2002) ¢
AT i 71ES o s BEele] 4% A

ES

i

(Table 1) Reclassification of food group by KoGES

e $7E AT Qakel 37} BRal H2Ho
2, $FE 237, SN, AR, AR, SRESE,

PSRN, $RIRE, HHU0R AR PR
it L LI, s
AT FAE R E FESINA, oHFE oF dF,

AT EE, HULFE VI TR, AT

o SEFRE TR

© FEARARS B 223, olsl
DAL, SR, TR AFEAR, HAR, OF, =

(o Ig=1
T PR

BF, ZE7132E, 71EHE KoGESelA
AAIEE AETS FAB HFEHo=Z 517

F2e AR Sk

T»’-OE’ }\]

2) oA 4%

59 AAAFAES] AL Slal Fele] A
& Whgstad @l fRIA St EA NS B
A FHE dpge] 7 el 40724 24417k 3PP As

Food group Reclassified Reclassified food group
food
white rice, other  grain, wheat flour, noodles, ramen, pizza and hamburgers,
Cereals 9 )
rice cake, cereal, sweets
Potato and starch 1 -
Sugars 1 -
Legumes 1 -
Nuts and seeds 1 -
green vegetables, cabbage and stem vegetables, lettuce, onion, bulbs, red
Vegetables 9 . . .
vegetables and tomatoes, kimchi, ginger, ginseng
Mushrooms -
Fruit 4 orange fruit, citrus, red fruit, berries
Meat g beef, pork, bacon, poultry, intestines, the other meat, processed meat product,
fried chicken
Eggs 1 -
Seafood 4 fish, shellfish, processed seafood, salted seafood and fish eggs
Seaweed 1 -
Dairy products 1 -
Fat and oils 2 animal fats, vegetable oils
Beverages and 4 bean and leaf tea, sikhye and carbonated beverage, mixed coffee and
alcohol sweetened drinks, alcohol
Seasoning 1 -
Processed foods 1 -
etc. 1 -
18 51
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£ 833t AT 5SS diA e AT
AEE ALt Hro FAME =ol7] fste] F

I
Sl (propensity score matching: PSM)S AA]8} 0.
A A S=(binary treatment indicator)= hs-CRPZ. 3}
e 2%k hs-CRP WrAlele nl3 4%
Y3l AgsAl P AE (AHA/CDCP)ollA 7gdollA A
Qo7 ABAe) AR BUE L ol BE Agow
Z A8 3 mULE 7]% 02 2129] 516] hs-CRP7} 3 ml/L
olakel AJEe 0, 3 mL o)ike) Al 12 Hssle
™, hs-CRP 7} 3 ml/L ©]3}¢] AFES 2 w2 =3}k
(Pearson et al., 2003). FHZHL o], AJH, ZglofB (7t
t , HES, A7), 259
3%, FelolR, FqIE JAcE Ak A% B4
2= hs-CRP 3 ml/L o]+ <1 1,897, hs-CRP7} 3
ml/L o|3}2] 3,843 F 5,740 ¥ FE3te] A

2 2

= o] oj2d 2A2Y FARHL ANt o2

SUN 2 ETe) HATE SYuse
a191om, olR e hs-CRP & E&usE Aske] Hel
Gt wEkS Belste] K-DIlS) AR U £
ahaict.

~
ra

=

og

ANGBAES BT 24

D dr 3T g

AREST 2k 20054 American Heart Association
I} National Heart, Lung, and BloodInstitute (AHA/
NHLBD)ol|A  A2tst Modified National Cholesterol
Education Program Adult Treatment Panel III
(NCEP-ATP IIl) ¢] 2|2 ule} s-43hsict. HDL-Z
2H|EHA} 40 mg/dL m]RE, of#} 50 mg/dL Rk, 547
W 150 mg/dL o], 457|189 130 mmHg o) =
o|¢k7|&ste] 85 mmHg o)} = ¥4 oFE B84}, &
EYY 100 mg/dL oY == #H ok E-8AIE 39
slelzEdle] A5 e ves|e] nivks 2523l
7102 A83te] Wah= 90 cm o), A= 85 cm o]

K-DII¢] B} #48 flete] k=2l fdA <JgtzAt
TAZEIESE 201220149 =F2.9] 40-724] 33,000
2 hs-CRP 7} 10 ml/Lo)del zpe} 2417 34 =127}
A= A= AlQlete] HE 31,4298 7o titos A
A3kt

2) SAEA
B AFoa= K-DIY B E AFS 98t ©A]7]

MEEE 24 S ARE olgdte] thAe)
K-DIIE =313 o] & 389 sl K-DIlo| uh& dwt
AR, AAAZ, ABEAR, Fga WA AolE 3

Q18] ¢fs ANOVA Bl wxREAs AAlekelct. o] o
K-DIle]| wh2 9143 wQ] A%, Ad=FAs, 75719
o, ole1Est, THED, YUY AFTeIA ] B
BAS AAfskele). =3 K-DIIg} thAEFaake] B
A4S g8 oltd EA2EH IHRAS AAsE
K-DII®] F7}ol| w& thAlsda $3EE E=&dtal
Z}8](0dds ratio: OR)2} A1Z]7+7HConfidence interval;
CDE 7ol BE ¥4 BgEE ¥4 N5
on, EA zgae SPSS(Statistical Package for
Social Science) ver 23.0 & ©]&35}t)

2

|

=
%7
-
i

D) hs-CRP 9} AE=he] o] 2A=E 3w
A

hs-CRPS} 2Frate] dehde w437] flste] ol
g BA2E RS AARE Avls <Table 2>9 2
o SUR AE § AS(B=-0.077), FH(B=-0.073),
ATFAHFHB=-0.054), FoH(B=-0.061), FZ7Ho]
A2:(B=-0.059), F-ANAEPHER(B=-0.048), AFB
=-0.055), A7F(B=-0.055), F-27LF(B=-0.075), o}
(B=-0.060), #-F-H(B=-0.069), NFH(B=0472), *=
ARATFHB=-0.042)= A3 Fo] 7145 hs-CRP 9}
Fefg Seldde Btk sj2F(8=0.06), 2sleht
7|ERZE(B=0.284), Ze]7FE(B=0.256), §7H3E(B
=0.177)& HdFFe] S71d= hs-CRPe} F-ofgh o]
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(Table 2) Binary logistic regression

of hs-CRP and food groups

no. Food group B p

1 Mixed grain -0.077 0.002
2 Legumes -0.073 0.000
3 Nuts and seeds -0.054 0.058
4 Onion -0.061 0.004
5 Orange bulb vegetable -0.059 0.004
6 Red vegetable and tomato -0.048 0.014
7 Kimchi -0.055 0.012
8 Ginger -0.055 0.048
9 Red fruit -0.075 0.009
10 Fish -0.060 0.004
11 Milk -0.069 0.021
12 Ginseng -0.472 0.004
13 Vegetable oils and fat -0.042 0.052
14 Seaweed 0.060 0.028
15 Soda and other drink 0.284 0.021
16 Processed Food 0.256 0.038
17 Meat Product 0.177 0.025

2) 3=y AAESAE (Korean dietary inflammatory
index; K-DIT) AlAk2] =l 7jjut
3] A]A}oﬂzx]_u,] Al Ak DE“7HH]— o [Figure 1]
3} 2t} S17H AF hs-CRPS}e] o] 2% 24 2H 3
S S8l ol B 170 AETS o83k

AN At A7Y PLAFATE HET 4
Aol 2k NETO HERkS T UHS UF $UL )

3heiet.

el e AR % KDl $A

K-DIIe] A5F2] wdl =28 9ite] s
AAEE BAAE S o]gate] A wE A7A
K-DIIE #23} Ay}i= <Table 3>3} 2t} K-DII
Aol|A  -22.82+19.78 UeRton,  ofdellx
21.584+20.18 Mo g folat FAdolM vk Fow o}
EpsiTt.

]

==
o

oy I:H
ol Y2 o
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K-DII = (=7 ¥IERX(-0.077) * =7

HAHE@) +

(F7 HIERER(-0.073) * =7 AHKg) +

Gy

-+
F WERK0.177) * %7

31.3E

oW

AHHe)

[Figure 1] Korean dietary inflammtory index(K-DIl) formula
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(Table 3) Comparison of health indicators and K-DII for sex

. Total Men Women
Variable P

(n=5,738) (n=2,264) (n=3,474)
Age (yr) 54.24 (8.27) 54.63 (8.59) 53.98  (8.05) 0.004
BMI (kg/m’)" 24.30 (3.20) 24.56 (2.91) 24.13  (3.36) 0.000
WC (cm)” 82.22 (8.84) 86.16 (7.72) 79.64  (8.58) 0.000
SBP (mmhg)” 12350  (15.19) 125.13 (14.64) 12244  (15.45) 0.000
DBP (mmhg)” 7591 9.73) 77.47 (9.53) 7489  (9.73) 0.000
Fasting glucose (mg/dl) 99.57  (23.95) 102.29 (24.83) 97.79  (23.18) 0.000
TG (mg/dl)” 13739 (98.24) 15742 (112.06) 20275 (37.03) 0.000
HDL-chol (mg/d1)” 5295  (13.31) 48.90 (11.94) 55.58  (13.49) 0.000
Total cholesterol (mg/dl) 199.96  (37.47) 195.67 (37.76) 20275 (37.02) 0.000
LDL-chol (mg/dl)” 119.54  (34.14) 115.27 (34.42) 12233 (33.68) 0.000
hs-CRP? 2.19 (2.28) 222 (2.25) 217 (2.30) 0.503
K-DII” 2207 (19.78) 2282 (19.12) 2158 (20.18) 0.021

All analysis results are expressed as Mean (SD)

BMI " Body mass index

WC ? Waist circumference

SBP ¥ Systolic Blood Pressure

DBP ¥ Diastolic Blood Pressure

TG ¥ Triglyceride

HDL-cholesterol ® High-density lipoprotein cholesterol
LDL-cholesterol ” Low-density lipoprotein cholesterol
hs-CRP ¥ high sensitivity C-reactive protein

K-DII ” Korean dietary inflammatory index

Adele oz K-DII of whe 77443 ¢
ofe] FdE 4% A= <Table 4> 9} 2
o] S7tell wet ARt AFFol FrefehAl FHaakalen,
A AgA 59} hs-CRPE= F-2l8kA S7}8ksich. K-DII %
7ol whe} frofgh bl g Hole tiiledr Ad Axe
slelEd, oler|dst, SAM s Yeyith K-DII <+
Zhell w2 thAleFa ofits folgh AfolE HolA eigk
o}, K-DII 7} S7FEE gisFros dhte 2}
7} SV A Bk

2) K-DIlo]| m2 K-DII 74 21%<e] 47 vl&
4
K-DIlel uf& K-DII o] 74 47z 43uee ¥

Lo

28k Aul= <Table 5>3 2t} BE 74 AT #
g abolE Holow, K-DIVL 2 w45E 57/, F
o, AREAF, S, FARENE, AR, F20
] , A, AEAARARY AFvEel
oAl 743l oM (p<0.000), s|xF, Alslgkikrer
=5, Z2H7HEAE, S7HEEY AFREe e &

7}8+4IH(p<0.000).

—l—“
3
[0}

i
3
2
Ju

| 3R 3lm

3) K-DII o] mE tiikeF A= 24

K-DII of w2 tirsd A% 42 218l
2222 3]|HRAS A A= <Table 6>9F 2t}
TAMERS E] A i dAtelr AR dHg ®BAgs)
s o Aol P Ert K-DIVF 718 v 1
o 7P e oA 1204 w) =& Aoz vehgtt
(95% CI; 1.123-1.290)(p=0.002, p for trend=0.000). 43
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o
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(Table 4) Comparison of health indicators according to the K-DII

. Tl (n=10,480) T2 (n=10,472) T3 (n=10,477)
Variable P
(m=-41.4, M=-38.0) (m=-22.4, M=-22.3) (m=-4.5, M=-10.2)
Age (yr) 53.9 (8.04) 53.0 (8.09) 52.0 (8.09)  0.000
BMI (kg/m*)" 23.6 (2.87) 23.7 (2.96) 23.8 (3.07)  0.000
MS component
WC (cm)” 80.0 (8.64) 80.4 (8.62) 80.3 (8.73)  0.006
SBP (mmhg)” 121.7 (15.04) 122.0 (14.97) 121.6 (15.04)  0.069
DBP (mmhg)” 74.7 9.72) 75.2 (9.69) 75.1 (9.89)  0.002
Fasting glucose (mg/dl) 96.2 (19.45) 96.0 (19.33) 95.9 (20.24) 0.644
TG (mg/dl)” 123.7 (82.93) 126.4 (89.16) 128.0 (94.02)  0.002
HDL-chol (mg/dl)® 552 (13.58) 55.1 (13.70) 553 (13.55)  0.392
exposure of MS (n(%)) 2,028 (19.4) 2,092 (20.0) 2,156 (20.6)  0.085
Total cholesterol (mg/dl) 198.9 (35.99) 199.4 (35.52) 199.9 (35.81)  0.111
LDL-chol (mg/dl)” 118.9 (32.63) 119.1 (33.02) 119.0 (33.30)  0.958
hs-CRP? 0.95 (1.146) 1.02 (1.23) 1.09 (1.36)  0.000

K-DII Ter tile range: T1; -201.6~-28.7 T2:-28.7-~-16.6, T3: -16.6~324.6(m = mean, M = median)
All analysis results are expressed as Mean (SD)

BMI " Body mass index

WC ? Waist circumference

SBP ¥ Systolic Blood Pressure

DBP ¥ Diastolic Blood Pressure

TG ¥ Triglyceride

HDL-cholesterol ® High-density lipoprotein cholesterol

LDL-cholesterol ” Low-density lipoprotein cholesterol

hs-CRP ¥ high sensitivity C-reactive protein

(Table 5) Percentage of food group intakes according to K-DII

Variable T1 (n=10,480) T2 (n=10,472) T3 (n=10,477) p
Mixed grain 55 + 8.03 26 + 397 15 + 285 0.000
Legumes 4.6 + 6.46 36 £ 4.76 1.9 + 3.1 0.000
Nuts and seeds 04 + 145 03 + 1.28 02 =+ 1.00 0.000
Onion 43 + 331 45 + 3.1 36 + 2380 0.000
Orange bulb vegetable 6.4 + 583 59 + 519 43 + 445 0.000
Red vegetable and tomato 46 + 7.72 24 £ 476 1.3 £ 3.06 0.000
Kimchi 9.8 + 738 10.7 + 7.28 83 =+ 6.84 0.000
Ginger 0.0 =+ 0.08 0.0 + 0.08 0.0 =+ 0.09 0.000
Red fruit 6.4 + 9.65 20 = 4.64 09 =+ 347 0.000
Fish 41 £ 524 38 £ 5.13 23 £ 396 0.000
Milk 6.5 *+ 1048 26 £ 6.04 13 + 3.82 0.000
Ginseng 0.1 + 0.62 0.0 =+ 0.19 00 =+ 0.17 0.000
Vegetable oils and fat 0.7 = 0.60 08 =+ 0.68 0.8 = 0.74 0.000
Seaweed 03 =+ 1.02 04 =+ 1.11 04 =+ 144 0.000
Soda and other drink 00 =+ 0.13 0.0 + 0.18 13 + 519 0.000
Processed Food 00 = 0.20 0.0 =+ 041 1.3 = 563 0.000
Meat Product 0.1 + 0.50 02 + 0.73 0.7 = 2.11 0.000

Tertile range: T1; -201.6~-28.7 T2:-28.7-~-16.6, T3: -16.6~324.6
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(Table 6) Odd ratio of Metabolic syndrome according to K-DII

T 2

T3

Variable T1 P p for trend
OR (95% CI) OR (95% CI)
Total"”
Clude 1(reference) 1.040 (0.972-1.114) 1.080 (0.927-1.085) 0.085 0.027
Adjust 1 1 1.079  (1.007-1.157) 1.204  (1.123-1.290) 0.000 0.000
Adjust 2" 1 1.053  (0.980-1.131) 1.157  (1.072-1.248) 0.001 0.000
Age 40-49”
Clude 1(reference) 1.052 (0.978-1.131) 1.118  (1.041-1.202) 0.000 0.006
Adjust 1 1 1.086 (1.009-1.169) 1.242  (1.154-1.336) 0.000 0.000
Adjust 2 1 1.060 (0.982-1.143) 1.194  (1.102-1.293) 0.000 0.015
Age 50-59”
Clude 1(reference) 1.083  (0.974-1.205) 1.248  (1.125-1.385) 0.000 0.000
Adjust 1 1 1.070  (0.961-1.190) 1.282  (1.154-1.424) 0.000 0.000
Adjust 2 1 1.060 (0.950-1.184) 1.261 (1.124-1.415) 0.000 0.000
Age 60-72"
Clude 1(reference) 1.062  (0.939-1.202) 1.083 (0.957-1.225) 0.420 0.196
Adjust 1 1 1.059 (0.936-1.198) 1.082 (0.956-1.224) 0.435 0.203
Adjust 2 1 1.036 0.911-1.178 1.036  0.903-1.189 0.840 0.599
*Adjust 1 : sex, age
**Adjust 2 : sex, age, energy, exercise, smoking status, supplement
D Tertile range: T1; -201.6~-28.7 T2:-28.7-~-16.6, T3: -16.6~324.6
) Tertile range: T1; -201.6~-26.7 T2:-28.7-~-14.9, T3: -14.8~210.0
) Tertile range: T1; -189.9~-29.2 T2:-29.2-~-17.1, T3: -17.0~324.6
 Tertile range: T1; -195.4~-31.0 T2:-30.9-~-18.4, T3: -18.4~179.1
Ao gakEFRe] RsE KDV /b she B A7 7@l e AAaEARE aele) o
TR 7Y Be oA LISTH frolsbl 28 208 F5F L AT vhdste] st ATl
YeEPATH95% Cl; 1.072-1.248)(p=0.001, p for trend H&2A} ABE &85l sl 2JAMESX]E(Korean-

=0.000).

AFE o] K-DII of we} tirssae] $1d=
st Ay}, K-DIZ} 718 e o Hop 7P 2 1
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