R

2 &k 40(1) : 31~40, 2007

A28 Fn BAA AEAATHY ALBAD
98 2 Aolaclzhe] A

_'Qrio:]l) _g_d A1), o]-&]/\Z) 5]0;]2%) . 5_"7].1}]%) 7':};]_ l)§
ojgtoitegt AFFdeta Mgrrxdisiduigtn? 2147] Fl @ A7V

The Association of Insulin Resistance with Cardiovascular Disease Risk and
Dietary Factors in Korean Type 2 DM Patients®

Yu, So Young" - Hong, Hye Sook" - Lee, Hyun Sook?
Choi, Young Ju® - Huh, Kap Bum® - Kim, Wha Young"®
Department of Food and Nutrition,” Ewha Womans University, Seoul 120-750, Korea

Department of Sports Science,” Seoul Sports Graduate University, Seoul 150-033, Korea
21C Diebetics and Vascular Research Center” Seoul 121-806, Korea

ABSTRACT

The purpose of this study was to investigate the association between insulin resistance and cardiovascular disease
risk factors in Korean type 2 diabetes patients. The subjects were 429 (male: 218, female: 211) type 2 DM patients
visited DM clinic, and they were classified into quartiles based on K index (%/min, Insulin Tolerance Test).
Anthropometric and biochemical characteristics, and dietary intakes by Food Frequency Questionnaire were assessed.
The means of waist circumference, fat mass, percent body fat and abdominal fat thickness were significantly higher in
the lowest quartile {the most insulin resistant group) than in the highest quartile (the least insulin resistant group) of
K7 index (%/min)(p < 0.05). For hematological values, the lowest quartile showed significantly higher fasting blood
glucose, HbAlc, C-peptide, insulin, triglyceride, ApoB/apoA-1 ratio and C-reactive protein compared to the highest
quartile (p < 0.05). Moreover, Kt index (%/min) was negatively correlated with waist circumference, fat mass,
percent body fat, abdominal fat thickness and fasting blood concentrations of glucose, HbAlec, C-peptide, insulin,
cholesterol, triglyceride, ApoB/apoA-1 ratio and C-reactive protein (p < 0.05). Nutrient intakes were not significantly
different among the quartile groups of Kyt index (%/min) and also not correlated with insulin resistance, however, they
showed correlation with obesity parameters (BMI, waist circumference, waist-hip ratio, vat mass, abdominal fat
thickness), which were strongly associated with insulin resistance. In conclusion, cardiovascular disease risk would be
higher as the insulin resistance grows in Korean type 2 DM patients, and nutrient intakes would affect to the insulin
resistance through the effect on anthropometric parameters. (Korean J Nutrition 40(1): 31~40, 2007)
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1. ZACYALe] bt Afe QI MAMHIZ

B AFE 20059 1025 2006 8€7H4] A&
A FaAE Heo st 204 ol A A2Y P
12} 429% (& 2187%, o 211%) & tifoF o]Fo]
o} tdREo] As Hded UdEe wl Aoz 8

12 3 ok R

drtel 91, 4, e ol ABET (B, 37,
$HE SIS 5 TS AREYT WAASS g
7he-g e il olFoizom, A sl 2 )

A g F A ZAlelA Sgs1eit) AFa AR, AAE,
FaE~-9dgo) 9 H)&L In—body 4.0 (Biospace co.
LTD, Seoul, Korea) & o435} &335131 2, BMI (body
mass index, kg/m”) & A&} sl g E4F (an-
thropometric tape TANITA, Seoul, Korea) & ©0]-&3}%]
ZAsI3lon, BEAF7] (abdominal fat thickness) &=
Ultrasonographic measurement (General Eelectric logic

7. USA) Z o) gslo] 2431k

2. Siagl Wy AL

AedAEY AxZE AEUUWIHAL (nsulin tolerance
test) A#Q) Kipr index (%/min) & ARL3HITE 12417F
T e tidREelA €™ (Humulin, RI 0.110/
kg body weight) & Fo & ©|% 0, 3, 6, 9, 12, 158
Zizk Agsle] 259 $EE SR, AREE 34
9 ¥I5g 52 Adzag ko) 3~15%9 g
& 0]€3) regression line?] 71€71 (slope) & A,
o|ZRE 7|xEFo] Bl R Holx&= t,F Tl A&
A A EQ) dFA4E (rate constant for plasma
glucose disappearance, Kirp) & ol F2o 5 7313
o} Kipr (%/min) o) & 75 gl gigh nzksr}
oA & A& UERdch

Kirr = 0.693/ty2 X 100 (%/min)

3. 2 A R BN

WIAERE F8A GRS AF s 3,000 rpmelA] 20
B2k 9488 (Hanil science Industrial CO. LTD, Seoul
Korea) 310] #-4A1704] —80Cell 35 RA3ISILE 35 &
F 9 8F A4 F F FA2HER F9AE, HDL-F
HAHES A NEA7] (COBAS MIRA. Roche. Switz-
erland) & ©]&sto] ¥-A31301, LDL—-FeAHE g
Friedewald formula'”efl SJAsto] AbEsisich gsld A
4 &5 (Hemoglobin Alc) & HLC—-723 G7 (Tosoh, Ja-
pan) & o} gste] B o, A&7, C—peptide, apoli-
poprotein B, apolipoprotein A—1, C—reactive protein
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AR FEE ZAREC s Ao, AL
A= CAN program (Computer Aided Nutritional an-
alysis program for professionals ver 3.0, gr+jokets
2006) & o)g3to] 1Y Bt dda AFAFE TalI8ith

5. Mg 2N R FHAE

39 2= SAS program (version 9.1)& ©]&3}
o ZARMEE R A U BF 02315 AREEIYL At
= e#A A AEQ Kipp index (%/min) & 71F02
AR Z RSl e, 7 Ak zke] HEA] Aol #2o
L& HAMREA (one—way ANOVA)-S o]-83lo] B3

&
k-4
Duncan multiple range test® AF&slo] ARE AE8k a0,

RS EBEE 40() : 31~40, 2007/33
Ak 7 RESFS FodL y—testE o)g3to] 7
t}h Kirr (%/min) #63 29 2 A9 dze] &
Pearson’s correlation coefficient® #4341,
A 29 9 diigdabe] B dek) o
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ZA} dPRES AEdATY A EA Kipr (%/min) 3k
71EoE AREE ete] FAS Ay ggREe] ¥
B 55942 Ul T ztoll KAl Aozt P
H o8V IZtE Ho 797307 M| 1 Alolof] 724
fol7t gllen, Jiio] nlgo% Ao} Qlgitt &5
AREe] B, dA) §A e AR Blg 2 &F 3t
P vlges Zb o ghell £-212Q) xo)7} jlgleH,
TZY, oA T ANEE Y FES 583}
Al Hlgolx Zk 7+ 7ol §23FQ) ael7) o
= UERstTt (Table 1).
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Table 1. General characteristics of the subjects according to K (%/min)

Quartiles according fo Kir (%/min)

All (n = 429)
1st (n = 107) 2nd (n = 107) 3rd (n = 108) 4th (n = 107)

Kirr (%/min) 2.14 + 0.05" 0.89 = 0.03 1.65 = 0.02 237 £0.02 3.67 = 0.08
Ages 55.9 + 0.51 54.8 +£1.09™ 56.5 £ 1.09 56.8 £ 0.93 55.6 = 0.95
Duration of DM (years) 7.97 £0.37 8.87 £ 0.84™ 8.03 £0.75 7.43 £ 0.67 7.57 £ 0.69
Sex

Male 218 (50.8)” 59 (55.1)" 60 (56.1) 51 (47.2) 48 (44.9)

Female 211 (49.2) 48 (44.9) 47 (43.9) 57 (52.8) 59 (65.1)
Family history of DM

Yes 189 (45.2) 42 (400" 46 (44.2) 51 (49.5) 50 (47.2)

No 229 (564.8) 63 (60.0) 58 (55.8) 62 (50.5) 56 (52.8)
Medication usage. yes/no (%)

Diabetes 68.5/31.5 74.8/25.2" 65.4/34.6 66.7/33.3 67.3/32.7

Hypertension 23.5/76.5 27.1/72.9" 25.2/74.8 23.2/76.8 18.7/81.3

Dyslipidemia 17.5/825 21.5/78.5" 19.6/80.4 16.7/83.3 12.2/87.8
1) Mean =+ SE
2) n (%)

3) ns: not significant among the four groups at < 0.05 by Duncan test
4) NS: not significant among the four groups at p < 0.05 by Chi-square test
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vl & 3kl o)zt glolovt, deled, AR, AXY
2 YARES Ol vlEl] ARRES M f-oH oz wA e}
Wi (p <0.05), BRANFAE QAR FoA o
2 34 HebH (p<0.05).

o7} Aol e et A Aol 212} 156.1 cm,
58.9 kgol9ll, BMI= 24.2 (kg/m”) & ZAFEQITh o=k
ARSI E 2 798 A9 2ol YL, AlFe o
ARE A FYR R ESITH (p <0.05). EF 2 ATl
A E5RE 2E HE gl BRuek % BM sdEd,
del-dyo] =4 vlg, AAUF, AXYE, BRALF

mBEABEE e 400 :31~40, 2007/35

7A)sel A&
A vEbT (p<0.05).

3. Bl AR

Zk a7 gA A
I} FeP s BF
0.05). Q&Y Hulw Xl

folHoR Egkom, e = wit

JHo 7 Eoht} (p<o 05).
g% A v 4 EE v

Table 3. Hematological parameters of the subjects according to K (%/min)

Y& Hlwst A3 (Table 3)
AREA AN FARSE H3dT (p<
2l C—peptide® UAREY] oA
YARE Y A &

AAGHYol 7V 2 AR oz

a3 3 FHUAHE

All Quartiles according to Kn (%/min) "
(n=429) Ist (n = 107) 2nd (n = 107) 3rd (n = 108) 4th (n = 107)
Fasting glucose (mg/dl) 165.6 £ 2.98” 208.4 + 7.32° 167.5 = 4.76° 1505 + 5.19° 136.6 + 3.64°
HbAlc (%) 8.4 +0.10 9.7 £ 0.24° 8.3 +0.18 8.2 +0.19° 7.5 £0.15°
C-peptide (ng/dD 1.9 £0.05 2.1 + 0.09° 1.9 + 0.08 1.8 + 0,08 1.6 £0.13°
Insulin (ng/dD 83 +022 9.3 +0.54° 8.9 £ 041° 7.6 +036° 7.3 +0.39°
Cholesterol (mg/dh 189.7 + 1.96 197.6 = 4.16™ 188.5 + 4.21 186.7 + 3.63 186.0 + 3.62
Triglyceride (mg/dh 134.9 = 3.94 171.4 = 10.41° 145.8 + 7.50° 121.2 + 3.62° 100.9 + 4.06°
LDL-cholesterol (mg/dl) 1112175 112.9 + 3.957 110.9 + 3.52 111.8 + 3.52 109.1 £ 2.99
HDL-cholesterol (mg/dl) 51.7 £0.75 512 +1.63° 48.4 + 1.3¢° 50.4 + 1.29° 56.7 = 1.55°
ApoB/apoA-1° 0.8 £0.02 0.9 = 0.04° 0.8 +0.03° 0.8 +£0.03° 0.7 £ 0.038°
CRP (mg/d)? 1.4 £0.09 1.8 £0.22° 1.4 +0.22% 1.4 £0.15° 1.2 +0.19°
1) Insulin resistance decreases across increasing quartiles of Km (%/min), the first quartile being the lowest.
2) Mean £ SE
3) Values with different alphabets are significantly different among the four groups at p <0.05 by Duncan test
4) ns: not significant among the four groups at p <0.05 by Duncan test
5) apolipoprotein B/apolipoprotein A-1 ratio
6) C-reactive protein
Table 4. Nutrient intakes of the subjects according to K (%/min)
All Quartiles according to K (%/min)

(n = 429) Tst (n = 107) 2nd (n = 107) 3rd (n = 108) ath (n = 107)
Energy (kcah) 2222.4 + 435" 2313.9 + 96.4™ 2171.1 £ 831 2207.8 * 84.6 2196.9 + 84.1
Carbohydrate (g) 3106 £ 57 321.3 £ 1297 307.7 £10.3 308.8 + 10.6 3044114
Protein () 973+ 23 101.5+ 5.0% 952+ 45 966+ 44 959 = 42
Fat (g) 635+ 19 659+ 3.9 594+ 3.6 645+ 3.7 639 = 3.7
Cholesterol (mg) 398.1 £17.0 429.2 = 30.2™ 391.9 + 39.5 385.2 £ 27.6 386.5 £ 37.9
Calcium (mg) 7649 + 198 828.1 + 46.9™ 37234 + 320 7523 + 36.7 7558 +41.4
lron (m@) 184+ 04 19.3 £ 0.9 179+ 07 184+ 0.8 180+ 0.7
Zinc (mg) 124+ 03 128 £ 0.6" 121+ 05 123+ 05 122+ 05
Vitamin A («gRE) 1110.8 + 33.1 1222.2 + 81.0" 1099.6 + 63.8 1098.3 £ 59.9 1023.3 = 56.6
Vitamin B; (mg) 1.5+ 0.1 15+ 017 1.4 0.1 1.5+ 0.1 1.4+ 0.1
Vitamin B, (mg) 1.9+ 0.1 19+ 0.1%% 1.7+ 01° 21+ 02° 19+ 01
Vitamin B, (mg) 26 £ 0.1 27+ 02" 24+ 0.1 26+ 0.1 25+ 01
Vitamin C (mg) 1349 + 3.9 137.7 £ 9.1% 1313 7.5 1419+ 7.8 128.9 = 6.7
Vitamin £ (mg o-TE) 176 £ 05 191+ 1.2% 16.1+ 08 178+ 1.2 175+ 1.1
Folate (x@) 339.7 = 83 360.2 + 20.9™ 3222 £13.1 351.6 £ 165 3249 + 152
1) Mean = SE

2) ns: noft significant among the four groups at p < 0.05 by Duncan test

3) Values with different alphabets are significantly different among the four groups at p < 0.05 by Duncan test
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- Ul T AllelX {oAQ) Atolrt gigloH, A
JedAGAo] Aol wat gobgom vl T Atole]
A #ol7t ARAT (p <0.05). EF HDL-FHXHE
& AR fojH o R Eekont (5 <0.05), LDL—
FeAHES ZF AR AlolellA] 2] 291 Alo]& Kol
A ekt

FHT PR #Hbo] & Ao
apolipoprotein B/apo A-1 8]&3} F23 8343 =
E2 QAT E AU @5A %] C—reactive protein
SEE ARl viste] dAREHClN fFedoR #A)
Lelgttt (p<0.05).

4, AO| M
AFAHHANE ARG AREslo] AR didxEe] o
s AL Table 490 AAIEIATE AARE2] Het
NUYA] HHEE 2,222.4 keal QoH, Br3ts gz
2 AFERe 217 3106 g, 97.3 g, 61.1 g2 2 FALY
Ak AFAANEZAL S ARSI ALY W
off deka o] i ArlsiAl Brhd 7o) e
U, BE HUAE AHAFEE DRIG ¢ - Y 50~644)
o] H FLRF v 7 AFTE Ui e A3
< FEollon, 53] RahA AHs IY
= oz ZAEIY A dxte] B g}
5, i )k deh) w3t 47k 57.5%, 17.5%, 25.0%
Z DRI 715& W&tk d94 A3 528 Jd&d4
& A8 Ay AL 2E duAa MHATE 9l

Aol7} @igie.

5. QIEEEINTYD Mg X Tt A, AO| CIAILt Y|
AeEUA T FTFE n|X= AAE Lotrr] fal 4
B8 A3 A3} (Table 5), ¥4 AEIA
K (%/min) 32 slglge c =-0.175, p<0.01), AA|
ek (r = —0.209, p<0.0D), AALE = -0.202, p<
0.01), B¥A95E7] (r = —0.206, p <0.01) &} 9] A
WAE Bloh 2} gPdRkEelAE Kirr (%/min) glol
% (r = —-0.228, p < 0.001), BMI (r = —0.232, p <
0.001), &#lEd (r=-0.339, p<0.001), &la]—-Ado]
9 HE r=-0.182, p<0.01), AXLF r=-0.232,
p<0.01), AALE (r=—-0.209, p<0.01), EFAL F
7l (r=-0.286, p<0.001) & 9] 4ABAS Bk
AedATAdn o A7l JaaAE B3 2o,
Y Bl QedAgdo] NEE TEHY (&
r=-0.377, p<0.001, o}: r = =0.412, p<0.001) %+ &
AL (i r=-0.337, p<0.001, of: r=-0.379, p<

Hu
E
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Table 5. The correlation coefficients between Kn (%/min) and
anthropometric and hematologic factors

Male Female
(n=218) (n=211)
Anthropometric factors
Weight (kg) -0.091 -0.228"""
BMI (kg/m?) -0.070 -0.232"""
Waist (cm) -0.175"" -0.339""
Waist hip ratio -0.131 -0.182"
Fat mass kg) -0.209"" -0.232""
Bodly fat (%) -0.202"" -0.209™"
Abdominal fat thickness (mm)  —0.206™" -0.286™"
Hematologic factors

Fasting glucose (mg/dl) -0.377"** -0412™
HbAlC (%) -0337"" -0.379"*
C_peptide (ng/dl) -0.164" -0.205""
Insulin (ng/dl -0.166" -0.227""
Cholesterol (mg/dl) —-0.156" —0.041
Triglyceride (mg/dl) —0.268"** -0.319""
LDL-cholesterol (mg/dl) -0.194 0.025
HDL-cholesterol (mg/dl) 0.101 0.132
Apo B/apo A-1" ~0.185" -0.156"
Log CRP” -0.150" -0.232""

*, xk xxx! significant by Pearson’s correlation analysis at p <0.05,
p <0.01, and p <£0.001, respectively

1) apolipoprotein B/apolipoprotein A-1 ratio

2) log-transformed C-reactive protein

0.001) #*5=0) Eo}xa1, C—peptide (& r = —0.164, p
<0.051, o: r = —-0.205, p< 0.0 8} P& =5 (Fr
=—0.166, p<0.05, o: r = —0.227, p<0.01) =3 =7}
e 74 AREAE Bl

A AR FolXe T8 AW (& r=-0.268, p<
0.001, o}: r = —0.319, p < 0.001) ¥to] - 1 RFollA
AeUATA N AAAAZ B3, F FU2HES (=
0.156, p <0.05)2 &=} tgAEANAMT Kirr (%/min)
i 29 AAAAE B3 HDL-Z | Ae &3 LDL-
ZUAHEL AadATH T JBBAE wolx]| gotrh

Apo Bfapo A—1 ratio (g:r=—-0.185,p <001, ¢J: r=
—0.156, p <0.05) & & - Y BFolA A&edAZI2 o
o] AREAE Bylon CRP (& r = —0.150, p < 0.05,
of: r = —0.232, p< 0.01) & Q<A A7 ko] A
Ag BT

QEAAYY Jokh WHFEI JRBAZ Lok
7] S8l ABRNE AN A3 (A3 AN 2E) o

WA ek
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Table 6. The partial correlation coefficients between nutrient intakes and anthropometric and hematologic factors adjusted by age

and energy (kcal) intake

Energy (kcal) Carbohydrate (g) Protein (g) Lipid (@)
Anthropometric factors
Weight (kg) 0.163" 0.068 -0.132" -0.159™"
BMI (kg/m?2) 0.081 0.184"" -0.182"" -0.182""
Waist (cm) 0.112" 0.129™ -0.188""" -0.207"*"
Waist hip ratio 0.040 0.148™ ~0.199"" -0.176™"
Fat mass (kg) -0.008 0.212"* -0.199"* -0.191™"
Abdominal fat thickness (mm) -0,001 0.128" -0.195"* -0.172""
Hematologic factors
Fasting glucose (mg/dl) 0.080 -0.029 0.023 -0.025
HbATC (%) 0.118" 0.039 -0.049 —-0.066
C_peptide (ng/dl) -0.068 0.049 -0.093 -0.109"
insulin (ng/d -0.083 0.134 -0.108" -0.141""
Cholesterol (mg/dI) 0.017 0.079 -0.049 -0.066
Triglyceride (mg/dl) 0.014 0.003 -0.056 -0.083
LDL-cholesterol (mg/dh 0.030 0.115" -0.048 -0.077
HDL-cholesterol (mg/d!) 0.005 -0.077 0.050 0.100
Apo B/apo A-1" 0.059 0.148" —-0.089 -0.158""
Log CRP” -0.019 0.093 -0.169™ -0.118"

=, *x, %0k significant by Pearson's correlation analysis af p <0.05, p <0.01, and p < 0.001, respectively

1) apolipoprotein B/apolipoprotein A-1 ratio
2) log-transformed C-reactive protein
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p<0.05) ¥ AW AHH F=F r=-0.141, p<0.0DH &
o] AAgAE Ve e, g5stE dH 8 LDL-F
HAHER o] A4HAAS YeERIY (r = 0.115, p <
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