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ABSTRACT

Purpose: This study was conducted to identify the association between insulin resistance and
the major dietary patterns of Korean adults.

Methods: This study used data from the 2015 Korea National Health and Nutrition
Examination Survey. The subjects were 2,276 adults aged 19 to 64 years old. Based on the
food frequency questionnaire data, 112 food items were reclassified into 30 food groups.

The principal component analysis method was applied to identify major dietary patterns.

We used homeostatic model assessment of insulin resistance (HOMA-IR) and quantitative
insulin sensitivity check index (QUICKI) value as indicators of insulin resistance. The
association between major dietary patterns and insulin resistance was investigated using
logistic regression analysis.

Results: Three major dietary patterns were identified and assigned descriptive names based on
the food items with high loadings: ‘healthy Korean meal pattern’, ‘western meal pattern’, and
‘white rice, alcohol, meat pattern’. As the ‘white rice, alcohol, meat pattern’ score increased,
significant increasing trends for fasting glucose concentration and HOMA-IR and a significant
decreasing trend for QUICKI were observed after adjusting for age and sex. The odds ratio of
insulin resistance according to the ‘healthy Korean meal pattern’ and the ‘western meal pattern’
were not statistically significant. the ‘white rice, alcohol, meat pattern’ showed a significant
positive association with the risk of insulin resistance after adjusting for covariates.
Conclusion: These results suggest that the ‘white rice, alcohol, meat pattern’ is positively
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associated with the risk of insulin resistance. The white rice, alcohol, meat pattern was
related to the high consumption of alcohol together with rice or meat. This pattern was also
associated with the high intake of sodium and low intakes of vitamin C, calcium, potassium,
and dietary fiber. To confirm the association, further longitudinal studies are required.

Keywords: insulin resistance, factor analysis, dietary patterns, insulin sensitivity
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Table 1. General characteristics of the study subjects

Characteristics Men (n = 919) Women (n =1,357) p-value”
Age (yrs) 38.5+0.4 39.5+0.4 0.040
Height (cm) 173.0 £ 0.2 159.5+ 0.2 <0.001
Weight (kg) 72.8 + 0.4 57.7+0.3 <0.001
BMI (kg/m?) 24.3+0.1 29.7+ 0.1 <0.001
Waist circumference (cm) 84.8+0.3 76.3+ 0.3 <0.001
Education 0.008
< Elementary school 40 (3.5) 80 (4.7)
Middle school 47 (4.4) 114 (7.6)
High school 357 (43.3) 503 (40.2)
> College 392 (48.8) 567 (47.5)
House income 0.718
Lowest 68 (7.4) 101 (7.4)
Medium-low 190 (20.3) 310 (22.0)
Medium-high 309 (35.2) 440 (33.4)
Highest 347 (37.1) 500 (37.2)
Occupation <0.001
Office-worker 307 (38.1) 377 (32.0)
Service worker 107 (13.3) 216 (17.0)
Manufacturing 256 (28.6) 157 (10.8)
Unemployed 158 (20.0) 513 (40.2)
Current smoker <0.001
Yes 354 (40.6) 65 (5.7)
Current drinker <0.001
Yes 802 (90.2) 1,022 (78.9)
Regular exerciser 0.084
Yes 470 (58.2) 649 (54.0)
Dietary supplements <0.001
Yes 332 (35.5) 657 (48.8)

Values are presented as number (%) or mean + SD.
BMI, body mass index.
The p-values by t-test for continuous variables and y? test for categorical variables.
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Table 2. Rotated factor loading matrix for dietary patterns

Western meal White rice, alcohol, meat
0.65

- -0.45
0.52 -
0.45 o
0.52
0.31 -
0.49 -

Foods and food groups Healthy Korean
White rice -

Multi grain rice °
One-dish rice -

Rice cakes =
Noodles -

Other cereals -

Breads -
Potatoes

Pizza and hamburger
Jjigae

Beans

Egg -
Meats -
Ham -
Poultry -
Fish

Seafoods

Green and yellow vegetables
Other vegetables

Kimchi and salty vegetables
Ssamjang (fermented paste)
Seaweeds

Dairy foods -
Fruits
Tea - - -
Coffee - - -
Beverages - 0.55 -
Nuts
Cookie, snack, chocolates -
Alcohols =

0.62 -

0.38 =
0.50
0.51 °
0.50

0.34 -

0.61 -

Absolute values < 0.3 and > -0.3 are not listed for simplicity. Absolute values > 0.5 are bolded.

AIAL THE F4=0ff 2 CHAMX}S]
A o/ ARe] AAF T | F geof] whE U REALRYS Table 301 A|AlSH T T /d Ak Al A H
ol M40l wheh AR Q]2 LHe & 241519 th. ‘Healthy Korean meal pattern’ 447} &2
T (Q4)2 A7 22 7 (Quyoll BlsH B A7 (p < 0.001), A AFA 4 (p =0.003), 52 &
2l (p =0.010), &5 (p = 0.002), F7|H 22 255h= HIE (p = 0.015), AO| ZFA| 5§ H]
£ (p<0.001)°] oA O 2 =t A SFEL {2 o2 Ukth (p = 0.016). ‘Western
meal pattern’ ‘J57}F =2 o (Q4)2 22+ (QU)°ll BIEH E/d 2] HIE (p =0.003), Bt A%
(p < 0.001), THZ o] A H]& (p < 0.001), LA E H]E (p=0.008), F2 EAE (p=0.031), FA
S5E (p <0.001), §71H 22 255 HIE (p=0.004)0] FAHOR £4T, W A
2l EEl= 79 A o2 S (p < 0.001). ‘White rice, alcohol, meat pattern’2] A7} &
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2 85-80] £.91402 %947 (p<0.001), B A, o] BFA B8go| geldoz
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Table 3. Characteristics of the subjects in the lowest (Q1) and highest (Q4) quartiles of each pattern

Characteristics Healthy Korean meal Western meal White rice, alcohol, meat
Q1 Q4 p-value” Q1 Q4 p-value Q1 Q4 p-value

No. 569 569 569 569 569 569

Age (yrs) 33.0+0.5¢ 43.9 + 0.6° <0.001 48.2 + 0.52 32.4+0.4¢ <0.001 43.0 = 0.6° 36.8 = 0.6° <0.001

Gender 0.354 0.003 <0.001
Men 248 (53.2) 296 (50.0) 237 (52.2) 268 (56.0) 90 (20.9) 412 (79.3)

Women 391 (46.8) 343 (50.0) 332 (47.8) 301 (44.0) 479 (79.1) 157 (20.7)

Height (cm) 167.2 £ 0.4 165.9 £ 0.5 0.073 164.1 = 0.4° 168.9 = 0.4% <0.001 161.9 = 0.4¢ 170.9 = 0.4* <0.001

Weight (kg) 65.1+0.7 66.2 = 0.7 0.357 64.7 £ 0.5¢ 67.3+0.6% 0.003 60.6 = 0.6° 70.6 = 0.7% <0.001

BMI 23.1+0.2° 23.9+0.2% 0.003 23.9+0.2% 23.4 + 0.2 0.002 23.0 + 0.2° 24.0 + 0.2° <0.001

Waist circumference (cm)  79.6 + 0.5° 81.8 £ 0.5% 0.010 82.4 + 0.47 80.3+0.5" <0.001 78.0 + 0.5¢ 83.6 + 0.5% <0.001

Education <0.001 <0.001 0.003
< Elementary 25 (3.0) 27 (3.8) 85 (12.1) 9 (2.0) 36 (4.8) 18 (2.6)

Middle school 20 (2.9) 60 (9.4) 83 (14.9) 8 (1.6) 58 (10.1) 31(5.0)
High school 261 (50.2) 217 (40.9) 200 (40.6) 249 (45.6) 190 (36.9) 241 (45.0)
> College 235 (43.9) 215 (45.9) 140 (32.4) 279 (50.8) 249 (48.3) 9236 (47.4)

House income 0.002 0.008 0.046
Lowest 60 (11.2) 38 (6.4) 71 (11.5) 41(7.8) 44 (7.0) 42 (8.2)
Medium-low 132 (22.6) 114 (18.2) 147 (24.9) 113 (19.6) 126 (21.9) 123 (21.2)
Medium-high 193 (34.6) 183 (34.6) 176 (33.2) 189 (34.3) 176 (32.8) 2092 (35.4)

High 179 (31.6) 234 (40.8) 170 (30.3) 295 (38.2) 299 (38.3) 201 (35.1)

Occupation 0.093 <0.001 <0.001
Office 178 (34.2) 150 (32.6) 115 (25.8) 184 (34.9) 141 (29.7) 184 (36.0)

Service 71 (13.2) 104 (18.6) 85 (17.3) 80 (15.4) 76 (14.4) 98 (18.7)
Manufacturing 97 (19.2) 108 (20.6) 157 (29.4) 85 (17.3) 89 (16.2) 139 (27.0)
Unemployed 191 (33.4) 157 (28.2) 149 (27.6) 187 (32.5) 219 (39.7) 99 (18.2)

Current smoker 0.870 0.031 <0.001
Yes 119 (24.7) 102 (23.5) 98 (22.9) 136 (28.1) 29 (7.1) 9299 (43.8)

Current drinker 0.016 <0.001 <0.001
Yes 474 (84.3) 436 (78.3) 412 (74.4) 483 (86.1) 380 (68.1) 530 (95.0)

Regular exerciser 0.015 0.004 0.081
Yes 9277 (55.2) 305 (63.2) 9232 (49.4) 320 (60.7) 272 (54.9) 291 (56.0)

Dietary supplements <0.001 0.780 <0.001
Yes 181 (30.7) 304 (53.4) 959 (43.9) 244 (42.4) 305 (51.8) 197 (34.3)

Values are presented as number (%) or mean = SD. Different alphabets at the same row are significantly different by Tukey multiple comparison test (p < 0.05).
BMI, body mass index.
"The p-values by analysis of variance for continuous variables and y? test for categorical variables.

A, ZE, AoldF (p < 0.001)] 3ol 254 S71F3 T ‘Western meal pattern’2]
A7t =245 Z olYA] (p < 0.001), A (p=0.011), A% (p < 0.001), FHX2HZ (p=
0.001)] HH 7} 9402 715t} ‘White rice, alcohol, meat pattern’?] 47} 24
£ Z oHA] (p <0.001), HEF (p <0.001)2] AHF2 {5t S7FstA 1L, ©@43h=, H
Etel C(p<0 001), Z+g (p=0.023), 1 (p=0.008), ZH& (p < 0.001), A o] Ad-F (p < 0.001)2] A
HF g5t gastd.

MALIHE H0f M2 EF Qs
2t Ak el ol e B 9l
‘White rice, alcohol, meat pattern’ A7 52 02 2452 FE2 I 57} 27]-6]-‘— |
FS Eoﬂ‘:} (p for trend < 0.001). 1&T W A E QI QUICKI= ‘White rice, alcohol, meat
pattern’ 57}t =& O 2 242 Yol = S BT (p for trend = 0.015). Q& A
i X]L?_] HOMA-IR< ‘White rice, alcohol, meat pattern’ 47} &2 # 0.2 Z—J’—T—% =7}
St A2 BT (p for trend = 0.014).
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AMAL ISR} QIS T M IRk Zhe| Mty

AAFoiE T Qe T A S = 7He] A2 Table 62} Table 701 A A =] o] 1T}, Table 6=
AR} ST} QUICKI %F 22 T et Q1w A d vhe] Aid& EojS1l QAT . ‘White rice,
alcohol, meat pattern’ A7t =245 Qlad AP/ A7t 7ot o4 A2
H 31, “White rice, alcohol, meat pattern’ 3 =2 (Q3)°] 2 (Qu)°ll HI 3l Lol AdH,
WELFE, 5, Ao EEA|, FAS B & e A/ A7t 1.718] =3hTh (Q3 vs.

Q1, odds ratio [OR], 1.71; 95% confidence interval [CI], 1.16-2.51; p for trend = 0.009).

Table 6. Odds ratio with 95% confidence interval for insulin resistance by QUICKI across quartiles of each pattern

Dietary patterns Crude Model 17 Model 22
Healthy Korean meal
Q1 1.00 1.00 1.00
Q2 0.84 (0.56-1.25) 0.92 (0.61-1.38) 0.92 (0.60-1.41)
Q3 1.07 (0.75-1.53) 1.20 (0.83-1.73) 1.14 (0.77-1.69)
Q4 0.91(0.62-1.33) 1.06 (0.71-1.56) 1.15 (0.76-1.76)
p for trend 0.960 0.389 0.595
Western meal
Q1 1.00 1.00 1.00
Q2 1.03 (0.72-1.46) 0.99 (0.67-1.45) 0.97 (0.65-1.45)
Q3 1.08 (0.76-1.54) 1.00 (0.66-1.51) 1.18 (0.77-1.80)
Q4 1.35 (0.95-1.91) 1.15 (0.72-1.84) 1.42 (0.94-2.14)
p for trend 0.330 0.844 0.778
White rice, alcohol, meat
Q1 1.00 1.00 1.00
Q2 0.89 (0.59-1.34) 0.81(0.54-1.21) 0.92 (0.60-1.40)
Q3 1.67 (1.16-2.41) 1.44 (1.00-2.06) 1.71 (1.16-2.51)
Q4 1.69 (119-2.41) 1.32 (0.91-1.91) 1.38 (0.91-2.10)
p for trend <0.001 0.130 0.009

Values are presented as odds ratio (95% confidence interval).

QUICKI, quantitative insulin sensitivity check index.

YLogistic regression adjusting for age and sex. ?Logistic regression adjusting for age, sex, education, exercise,
nutritional supplements, smoking.

Table 7. Odds ratio with 95% confidence interval for insulin resistance by HOMA-IR across quartiles of each pattern

Dietary patterns Crude Model 17 Model 22
Healthy Korean meal
Q1 1.00 1.00 1.00
Q2 0.97 (0.70-1.35) 1.04 (0.74-1.45) 1.03 (0.72-1.49)
Q3 1.04 (0.73-1.47) 112 (0.78-1.60) 1.05 (0.72-1.55)
Q4 1.05 (0.74-1.49) 1.16 (0.80-1.67) 1.28 (0.86-1.90)
p for trend 0.960 0.821 0.595
Western meal
Q1 1.00 1.00 1.00
Q2 0.90 (0.68-1.20) 0.87 (0.64-1.19) 0.90 (0.65-1.29)
Q3 0.90 (0.66-1.23) 0.84 (0.59-1.20) 1.04 (0.73-1.48)
Q4 1.06 (0.79-1.43) 0.93 (0.63-1.36) 1.09 (0.77-1.56)
p for trend 0.668 0.731 0.925
White rice, alcohol, meat
Q1 1.00 1.00 1.00
Q2 1.00 (0.71-1.42) 0.95 (0.67-1.33) 1.05 (0.74-1.48)
Q3 1.72 (1.24-2.39) 1.56 (1.13-2.14) 1.72 (1.24-2.40)
Q4 1.72 (1.24-2.40) 1.46 (1.04-2.04) 1.54 (1.09-2.18)
p for trend <0.001 <0.001 <0.001

Values are presented as odds ratio (95% confidence interval).

HOMA-IR, homeostatic model assessment of insulin resistance.

YLogistic regression adjusting for age and sex. ?Logistic regression adjusting for age, sex, education, exercise,
nutritional supplements, smoking.
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Table 7:> A A} &1 2} HOMA-IR gF2. 2 43 Al el 2|/ oho] b S Hol a1 QU
‘White rice, alcohol, meat pattern’ A7t €45 e A/ JI =7t S716l= 4T
S H 3 “White rice, alcohol, meat pattern’ 447t &2 & (Q4)°] F-2 < (Q1)°l| H] &} Lro],
B, AGFE, 25, Aol EEA, A2 B = ded A/ A=t 1540 =9k

(Q4 vs. Q1, OR, 1.54; 95% CI, 1.09-2.18; p for trend < 0.001).

—_

ink

B AFo e U AZIFEAL Al67] 2015 & AR E 0] 83510 9-2utet T 19-644] A
Qlo] 2.0 AAL mElz o6 A 7he) AR AT BT B AT hatate) 22 4]
A El2 3742 2 yrebg o), 3 A 182 ‘Healthy Korean meal pattern’ @ 2 A& 35 AY
A, =B A A 7 R AR A SRR (1] @ 7)), T S thoksh AlE o] A7} =
Al e HEHA Q1 4] ofElo|tt, = A 2 ‘Western meal pattern’ 2.2 AEQ

W%, 1A 2 WA, 85,7137, §2, 7719t AU 9 2 2R 437 A ek, 2
88, Y AERE T IHHSHA H& 4 Qe A T A 7o AH 7S s eloloh Al |

A I ¥ 2 “White rice, alcohol, meat pattern’ .2 A%t o] A7t =1 HE 2 HAF7TF

EfAA| et e, Zh=rie] A 37 A A vebd mj ' oo

2 Ao A =& A AFTHE ) ‘White rice, alcohol, meat pattern’ ¥ A4+ Aed A
d9] Yot ¥ S BTt ‘Healthy Korean meal pattern’ Y} ‘Western meal pattern’
& Q1% Ao AP St fo)8 A Holx] eetr.

o

FUle) T Aol 58 A4 E F £ Q0] A LS S AR A ] el
YT Lee 5 (14)9] Q0N £ 2 717410 HE (WALR, SHALE, 1R, Rt A
4 AEF A7 =A Uehd tiEl)2 2 19 ‘Healthy Korean meal pattern’ 2t 3-AFSFH S
of, Bl o] HE (12 of &7, ¥, AR, B R B4, 5, R, HAERC 4
7} =A Jehd s el)-2 2 A 9] ‘Western meal pattern’ 2 ARSI L, &-5&/d 4]o] IijEl
(&, 7h -, 57 A7 A7 =A dehd o €)2 2 A512] ‘White rice, alcohol, meat
pattern’¥} -FAFSHITH Kang 5 [15]9] AollA] #2412 ol E&3t sid 5 X 54 o
g @l 35 Q4AF 1], 2 F)2 2 A9 ‘Healthy Korean meal pattern’ 2} --AFs}
A SUA A (1 55, 0, 48, A, 2, 24T, AR, BT A%,
I

S57)2 2 A1) ‘Western meal pattern’ T F-AFSFA T

e A3y AFE Al Bk} song 5 [5]19) AT
oM Gl s ATz U ol B o e L = e e e B RS s B
oA et Aol A= B¢ 74, BF ’4%% Alg&f, ured2 578 954 5
o 57 28, A%, At A, 234 =A UEFSTE Esmaillzadeh 5 [16]9]
40-60A] o] o] WA} 5837 S T A0 2 St A Lo]| A] Healthy dietary pattern (4, EOFE, 7}
25, 25, LR, 45, TR, B 7292 43 447k 22 ZolH UAEFE, A%
A AP/ AH =7t EA| eI, Western dletarypattern(%‘xﬂ I35 5285 HEH, 7t
T 557, LAY fAE, 9+ mtmEE oz}, A&, GE S 559 A7}t =11 7| e &)

’
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FAEY AFH7 2 ') AH A4t =2 ol diabE S, lad A
7} &7 Yebste}, Buscemi S [17]2) o] 22| o} A] & 2] 2] 204 o] A} 491
Lol A Unhealthy diet (557, F17 2.8, T4 7, A5 ‘3‘1151, o557,
=2 AR}l A Medlterranean diet (T, &7, A X, S E R, A4, g2
Efel o] A H 7h =2 Tl Atel vl Qled A /g A :E Q! HOMA-IR #to] =7 UrErs Tt
Arisawa 5 [18]9] Tk x| 55 HH2 o] g Ol = 35704 Q1 5137 =t = 3 Aol
A] High fat/western & (S5, 7 8.2, vt =, 2pat7o] A 7F =4 vebd sijgl)2
HOMA-IRZ} %F2] A3HAd-S H I} McNaughton 5 [19]2] 3= H G of| 7 F5}= 35-554] A
217399 & /g o= gt Aol M A A = 2| eits &, o, 712 5, W7 2 AA1A], 22
7 2 7]} AR Blwho] =0 Mol 2. nZrae] Ao A malx] SejAl.uu 1Y E
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‘White rice, alcohol, meat pattern’2] A% 49} & A 9] 3 = o] o] /o]
UeRd 212 o]l i o A3 A7 w245 YEF ATl f-2st &1L, vigl ¢, 24,
]l ZHg, Aol & A Fol fostA Y& A o= Qg AE A dghe] 91 71 A d )
AP 24 o4, JAtet 71 s led T ZiAl 7159

AT AES A2 FAo Hul 5 Z7HAA 8 HZ dloto

Al HskA st , ek Yo M| 25 A6t a2 SEAA A E

20tk (20]. 28-S A% ol chepo 2 2Ajshe ol 202 LhES
Z~o|t}, MAE 7] (World Health Organization [WHO])°llA HEE
112 3HE Zlo] vl sk Agehglom, of H &2 R A5 SJix
g A3F5HE 5 RS S 2 S0 AN T AU
4oz UNZFERE BAAIIE BT, 26 72 3 HE
U, 2245 Sol Yo 1], T2, Seet ele) 22 7
5,707, BU7, SRR AT FO2 YRS 3
N k) LB M 2 WHoS| T4 4 H2) 2,000 mg o) 40 2 ek o, 25 A
A2 1 M3 3 500mg ol 32 LISt} MR T -2 HE o] 43S 2
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HI B ce d4tet 7] 50] e ddaz, S8 U9 7l 5ol ol d= fiste Edias 2
AAA WAz it Uin o) 7] 53 led v S 7l she &3 T [26].
Ahn 5 [27]9] A0l A 2Els, 7FRE] ol =, ulekRl ¢, ek B, n]Ek] A S0 A7} of
AZERO| e P BT AT S Hof, FA} uekl ) M A EFZ e 4y
S5} B4o] Yl 702 Helrh

Z40] 223 4 BF RPN 3223H1,25-dihydrowy vitamin DE H4:A17]0, 22
HEF R S22 ARAE U de =5 R53 A8 &S Ak A
o] #oll & S7HAIZ Y [28]. A A A tol| Al sotl] o /d ol A v Rkt 22 W Al ST BT 2a
AFH ol FostA AA Uebet AL, 2 A F ol A2 tidats 22 Sws] AdFlst=
g0l v] 3l BIRte] fR Eo] 4.82v F7F5kH= 2 & UEFTH [29].
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& A= Ae7] 20159 = FUNAGFFEAL AR E E-85F0] TH19-644] = 410 2
AR S =55 S AAF iR} Qe A A The] A S w45 ] fls) 3= 9l
oF. 1 Adbe tha ) 2ok oidARe] AAFoiEE 9 Q12 HiRj o 2 FASE AT} ‘Healthy
Korean meal pattern’, ‘Western meal pattern’, ‘White rice, alcohol, meat pattern’ 2.2 UE}HTH
‘Healthy Korean meal pattern’ &7} 5245 A5 o] 7] et on, AL sfjelof i o
G4 A HF B4 23 ‘Healthy Korean meal pattern’ ¥ A47F 2245 & olux], g
sk, Tl vlEbTl A, vIERRl ¢, 24, Q1 A, ZHE, Aol A7) A H7H Rl skl 71k
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