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Abstract

Insulin resistance is known to be important in the aggravation of established coronary risk factors, but it
is unclear whether insulin resistance might cause coronary artery disease as diabetes mellitus. To evaluate
the relationship between insulin resistance and coronary atherosclerosis, the angiographic semiquantitative
score of coronary atherosclerosis was investigated in 216 patients (175 males, 41 females) with coronary
artery disease and the varying degrees of glucose metabolism including insulin resistance. Insulin resist-
ance was estimated by plasma insulin level at 120 min after the 75g oral glucose tolerance test. Patients
were divided into 3 groups according to the levels of glucose metabolism: 37 patients with treated diabetes
mellitus, 48 with glucose intolerance and non-treated diabetes, and 131 with normal glucose tolerance.

Multivessel disease was more frequently seen in the treated diabetes group (67.6%) than in the glucose
intolerance and non-treated diabetes groups(43.8%)and in the normal glucose tolerance group(40.5%).
The severity of coronary artery stenosis (8.5 & 3.9 vs 7.6 & 3.7 vs 6.6 % 3.7) and calcification (6.5 = 6.3 vs
3.3 £3.3 vs 4.0 * 4.8) were significantly higher in the treated diabetes group than in other groups. Distal
coronary lesions were significantly more frequent in the treated diabetes group (61.1% vs 17.6% vs 27.4%)
than in other groups. Half of the patients in the normal glucose tolerance group had hyperinsulinemia.
Multivessel disease was significantly more frequent in the insulin resistant subgroup than in the insulin
non-resistant subgroup (59.4% vs 25.0%, p = 0.011). The severity of coronary artery stenosis was signifi-
cantly higher in the insulin resistant subgroup than in the insulin non-resistant subgroup (8.6 3.9 vs
5.6 3.0, p<0.001), but the severity of coronary artery calcification was not significant. Distal coronary
lesions showed a tendency to increase in the insulin resistant subgroup (37.5% vs 12.0%, p = 0.081) .

These results suggest that insulin resistance is an important risk factor for coronary artery disease in
patients with normal glucose tolerance, and is related to the severity and multiplicity of coronary athero-
sclerosis as in patients with diabetes.
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DEFLREF TE T OB IRE B O FEE (3 38 1 3k
F, KEEAARBRNIBVTH, 2L LdiERD
FEHNZ L AEME - HI VAT T — VIEERDAT
BREELR—RB LUTZRFHHRIFBF KR EZVI L
3L TH B, HE, KRB syndrome X¥, FEHONE
£, A VA VRPUMEAEERED, NIRIEREERSY 4
CEERREATFOERBICH L TH LVWEESIRIBS 1,
B Y R YESUESBIRE(C R B ORI - BiE
BECERBIC b BT REAER S T 5107,

AR VIREUER, 1R YEEE(—EDA
YA AT M T N EERNE)DET &
FEFRSN, THEEREE IO EOERERIELR,
7)Y F, BHEY KEH (high-density lipopro-
tein: HDL) I L 27 0 — )V 2 EOJFEDRHRE DS
BHizhhrbd I FHELPELZ>TVAE. LAL,
A v A VIRGuE L EEIIREE B ORI EAEE % BRI
BIRRET L2 E> I3 F R v, /2, Z0Hl
E i N TERAEZE % F 272 glucose clamp 'Y, mini-
mal model {%'®, steady-state plasma glucose (SSPG) !
ZREPHOND D, FELRAEERELTUOHLSN
THV, fERE ) UHEETIR, BOT FOERRERA
YR EESEROTHOMELRA R ViRHUE
DIFEERN ) B L2RE L TEALEW,

Z I CABRETIE, EEREEREOTEEIRKZE D
B, AIKILE L U5 2 HERPF - TTERRREREE T
HEL, BICHHEREEBRETEEA A Y IMED
FECHEMRE L, BABEE, 1A VERED
EEREBICBIT 2 RENERLZALO,IITEILE
HagE L7

MR EFE

1L ®

SEBIARE B T LR AR D EAER 1,39261D 9 b,
TEBNIRE % L RBIIR &2 oW T T BRIFICE
gah, FERFFMZ T o & 2165 (B 175
Bl, T4 B) 2R E L. REERGE - B0
BHEESWHEEA, TL2MEMN TR MTEIC
X o TORMEBBOFMATTREL B, B &L UBFHAE
BEE(ZLT7F=r71) 7T AL<50ml/min), BE
DR (body mass index > 27%) %2 EZ RS A Y R )
VIE% & - IRABIEBRAL L7, 7, EEIRERIC
W BEEEICIOVWTHRAELITo 7.

Selected abbreviations and acronyms

BS = blood sugar

2. /A &

1) 75¢-B0O7 FoBEaRmRER

B, A - HEKTI275g-B0O7 Ny Bk
(75g-OGTT) % i6fT L, BfiEl, Bf{%30-60 - 90 -
120 3112 i 7" I 7 #% (blood sugar: BS)fli ¥ & Ui
A4 YR Vg (RD 285 L7z, #ERF - AR
HOBWIE, 1980 E D WHO KM -7z, 72, £
CMAERTEE 72134 > 2) I D EEEZIT TV
30 % FERIREHREE (376) & L7z, KRIGHERMERA B
L OTHHERE R E B & TS seE ERE (4861), 2otz
&R IE B (13161) & L7z,

2) 1> RO

75g-OGTT I, LFERIN% fifT L /- #EREIEH &
ED)BLIRIZHEL 27264 B 2RI, BHEEDE
FRFFE291Z X B 75g-OGTT D 1203 IRIDFEH + 1.5 8
BRZE(=434mU/D) ZHREE LT, A A) ¥
MR % A4 » A Y VIKBUERE (32641), HAELT %
A VA VPSR 328 ICHE L. E 7,
75g-OGTT (2381} % BS & IRI Kf# (peak BS, peak
IRI) B & O#F1ME (SBS, SIRD) %2Kk%H, Thb kb
AR VRO EETSH 5 SBS/SIRI, peak
BS/peak IRI, 10%peak BS - peak IRTZ & L 7. HEIZ,
22 iR BS & IRI A 5 HOMA (homeostasis model assess-
ment) % [ (B77RTBS/18) - (R HIIRL/22.5) ] DR 2
LEML, MEETHEL/.

3) DB EREFOFFME

B I E E O H) 5E i, 8 BRI g o B R O E Y
160/95mmHg LA b & U7z, BREEMGE L, FEWHED
B L REEED8Omg/di 2B B b DL L7 BEIL,
FHRE R 204/H, 1FELLOBRERESH S 0D,
FERIZHETI COBBREEOE®RL L. 72,
MiEREIE, BaLRA5Fa—), M) 7))t NE,
HDL2 L AFu— Vx@llEL, KILE ) REHI L
A5 8 — )V id Friedewald® D3Iz & b, F 7-8hlkE{L
$8% (atherogenic index) t¥ [(# 2 L A7 10— )V — HDL
JVAFU—)V)HDLILAF U —V]DFHERTK
B, TV 128U oA - #EEKTE,
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ABRZERHOREGZEEREE Lz, /2, BHEIL body
mass index (BMI) % 3K & 5Ffifi L 7.

4) BENER

%l nitroglycerin 0.6mg & T & % 13 0.5 mg B
MEAZI, TAEBREZ VT 25U EL DER
ZL, ETORETHERLL. 15% L EOKREE
AERAERE L L7, American Heart Association(AHA)
BEESETORAER 99-100%: 5, 90%: 4, 75%: 3,
50%: 2, 25%: 1, 0%: 0, D6EETHREILL, &
BIARAT T 17HL, ERBER, GEEROZENENOHEKR
EREE % T BRI Z2 R (coronary index), BEIZZHED
&5t & 52 (stenosis score) & L TRD 7z, EEINR
AKILDEHEEIS AT 4 VL LETHEL, BLRAE
BICAKILERBD S : 3, AKLZEDLHFE LD §
V2, bEPICRKIEERD S 1, AIKILEL: O,
DARBEIFEEILL, AHAGEOZ IS HEHETE
435t L TARIKILHEE (calcification score) & L7z, F 7=,
AHA B D5 E4, 8-10, 12-15OKEICHHE%
FODHH D% KEFRERE (distal stenosis), UK ER (25K
D%\ D% 53IEHZ R (branch stenosis) & L 7.

5) MEtERUEET

METEMABERE X, 2HHOZEHIC Student D
paired t#R5€, [ U <HHBEIC *RE, SREOZHIC
ANOVA (analysis of variance) £ & U’ Bonferroni t#R% ®
FhENEHVTITY, FAEEMEROMEIZERRE
ROMICEDRET LAz, wTFhdp<0052dboTH
BEEOHEL L7

& g

1. FERRAER, MBERESHS L UMEELER
BICH 2 BHIRZEDZESE (Table 1)

EHMOBIE - BRERINE - RIEEOHE, MmiE
FEMEICIIEEEZ2RO o7z, BBIREETR
TIIHERIRGHEREC, MIERRERECIEREEERIC
L, BEREBHFEDEEHEHS 2K (67.6% vs
43.8%, p=0.05; 67.6% vs 40.5%, p=10.006)Td - 7=.
T/, KMEHRERDOEE (61.1% vs 17.6%, p=0.004;
61.1% vs 27.4%, p=0.013) IO 0L EEEZR
B7z (Fig. 1). EEIMNRREORERILIIBM (8.5
39vs 7.6 +3.7 vs 6.6 +3.7) CHEZE%R/RL, BRICHE
RIGEEBEIIMEREERICHLAE (p<0.05) 128
ETH o7, —F, AIKILIEEDS 38MH (6.5+£6.3 vs
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33+£33vs 40+ 48) THEEL RO, HRKIGHERN
TI3EE (p < 0.05) Td - 72 (Fig. 2). WERRIGHEEL
HEREER 2 &b BRE &, EERES LV
WWARIKALIEROBIRIE, BRYM & RBHEETIIEM
2 RHT (r=0.1838), AKILIEE L (3B (r=0.229,
p=0.060) % FBD 7.

2. 12 EAE & BEIRRE

1) 75g-OGTT D#ER

it #EREIE E B TlE, 758-OGTT D 1204 IRI T
FOFH+ 1.5EEFZE(=434mUN) 2B HEA ¥
A VIEE, Thbb4 A VIEEEOEEI
50% Th ol T, 4 A1) VIRFIERIZIES VR
) PRI L T304 (136.0 £ 16.3 vs 127.2 £
16.3mg/dl, p=0.039), 12047 (1242+11.6 vs 1120+
12.7mg/dl, p<0.001) D BS & SBS(630.2 £32.1 vs
601.9 +42.4mg/dl, p=0.006) " EEI.EEZRL,
IRIDA YA VMU CEHALSPICEETH - 72
(Table 2). ¥ 7=, W IZ3B1F 5 SBS/SIRI(2.2+0.4 vs
42+ 1.1, p<0.001), peak BS/peak IRI(2.0 = 0.6 vs
3.7+ 1.3, p<0.001), 10*peak BS - peak IRI(0.9 % 0.3
vs 1.7£0.6, p<0.001)iZVThIEEELRD:
(Fig. 3). EIZHOMA(2.6 + 1.6 vs 1.8+ 0.6, p=0.010)
A VA VIERIUECEEICEETH - 7.

2) BRERET & ARZ (Table 3)

BEMOREBRETF O bEBREBDORKENA
A1) VEPUERE TS WER (p =0.059) 1I2H ), BMI
A R VRS CTEME (25.2 £ 24kg/m?) R L
7oA, BILE, ERERIMGE, B2E, mEREICEER
RO orz. BEMEOFRABIIA ) VK
MEBE TR RS\ EN (43.8% vs 18.8%, p=0.059) |2
Holoh, THEEE, CaHEICIIEEEZZT Db o
7z, B, EFTHREBERFER IR T dh o7,

3) BEERAR

A A VIEPUER T, BEBIR-—BRELDI LS
BREDEIEGHIEA v 2 ) VIRHEICHXTHS 2
12(59.4% vs 25.0%, p=0.011)%<, FWKREE ;A
YA VEPUER TR RS VWA (37.5% vs 12.0%,
p=0.081) %7/~ L7 (Fig. 1). BEIMRE BERLEDRERE
R L S ICHITITR, AEBR, ZRIEROIETK
EVH, JEA VR VIRERE LT, Y2 VIR
PER CRATTITBIREDREENEE (38 1.7 vs
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2.8+23, p=0.044) 1258 <,
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Table 1 Clinical characteristics of the non-DM, IGD and DM Groups in CAD patients

Group
p value
Non-DM IGD DM
Number of patients 131 48 37
Age (yr) 56.51+9.3 55.0%8.1 59.2+9.9 NS
Male/female 108/23 42/6 25/12 0.054
Coronary risk factors (%)
Hypertension 74/129(57.4) 25/47(53.2) 22/37(59.5) NS
Smoking 103/129(79.8) 39/48(81.3) 18/37(48.6) <0.001
Hyperuricemia 36/131(27.5) 20/48(41.7) 10/37(27.0) NS
Family history 40/130(30.8) 10/48(20.8) 12/36(33.3) NS
TC (mg/dl) 205.7+38.9 216.4+43.6 2154+522 NS
TG (mg/dl) 155.9+98.5 183.9+89.1 178.8+68.8 NS
LDL (mg/dl) 138.4+37.2 143.6+41.3 143.3+49.5 NS
HDL (mg/d!) 37.2%10.0 36.1%11.3 34.1£9.9 NS
Atherogenic index 50+1.9 56%£23 5.8+2.8 NS
BMI (kg/m?) 2444238 255+26 250%3.4 0.070
Vessel disease (%)
)% 13/131( 9.9) 2/48( 4.2) 4/37(10.8)
1VD 65/131(49.6) 25/48(52.1) 8/37(21.6)
2VD 29/131(22.1) 10/48(20.8) 10/37(27.0) 0.039
3VD 17/131(13.0) 10/48(20.8) 13/37(35.1)
LMT 7M31( 5.3) 1/48( 2.1) 2/37( 5.4)
Coronary index
RCA 2.1%22 20+22 27422 NS
LAD 32+2.1 3.6+1.9 35+18 NS
LCX 1.4+2.1 2.0+2.1 23+20 0.046
LMT 03+1.0 0.1£0.5 05*1.0 NS
Stenosis score 6.6%3.7 7.6+3.7 85+3.9 0.012
Calcification (%) 97/131(74.0) 37/48(77.1) 31/37(83.8) NS
Calcification score 4.01+4.8 33+33 6.51+6.3 0.005

Values are expressed as mean=®SD.
DM Group : treated diabetes mellitus patients, non-DM Group : normal glucose tolerance patients, IGD Group: im-
paired glucose tolerance and non-treated diabetes mellitus patients.

CAD=coronary artery disease; TC=total cholesterol; TG =triglyceride ; LDL =low-density lipoprotein
cholesterol ; HDL =high-density lipoprotein cholesterol ; BMI=body mass index; VD=vessel disease; LMT=
disease with left main trunk lesion; RCA =right coronary artery ; LAD=left anterior descending artery ; LCX=

left circumflex artery.

L b EEHEDOIR%E

EFEE04+1.1vs0, p=0024)ICKTHo7:. ¥

7o, BREIRBUIA R VIR THEE (8.6 3.9

vs 5.6 +3.0, p<0.001)IEfEZRLZ. L2L, A

IRALIRZE X T B T DOH B E % 80 % A o 72 (Table 3,

Fig.4). F 72, 12057 IRI & $RZE e HU IE (S AHRE L 7225,
BRI IRI & 1 3AHRE % 528 7% b o 72 (Fig. 5).

= ES

1. BEREFOERE 1> XU S IERRMERE

EEREF T b mILE, WERFE, BEAHEER
HWICEEEICAPEL, HENISEEIREEORAE -
BEEBEIIP2LOY, BIZA 2 R) VKT BIIRTE
{LHRBORE - BEREEICKETLIHEFELS
TREMAEI S TV 310, SEIORKRE T, i
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Fig.1 Comparisons of angiographic evidence of multivessel disease, branch stenosis and distal

stenosis between the Groups

Multivessel disease and distal coronary lesions were more frequently seen in the DM Group than in the
non-DM Group or IGD Group. Multivessel disease was significantly more frequent in the insulin resistant
subgroup (IR) than in the insulin non-resistant subgroup (non-IR).

Explanation of the Groups as in Table 1.
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Fig.2 Comparisons of stenosis score or calcification score between the non-DM, IGD and DM

Groups

The severity of coronary artery stenosis and calcification were significantly higher in the DM than in the

IGD or non-DM Groups.
Explanation of the Groups as in Table 1.

REREERE, MEIRMIGHREE, MERREEHOMEICKIL
AT7H=) - pP) 7L F-LDLIVAFOT—)
B3 <, BERFIGRE, MHEERER, THEREE
BOIEIZHDL I L 2 50 — L AME\VME % 526 2 2,
BMEES EOEHTOEREZIRD o/, K
MEIEERFE BT 2ERBB LM 2 Uik
TMDOBROKRE TH ), MHEREOHEL BT
RESNL-TEHREBBEZNRE LHR, BR
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Table 2 BS level and IRI data of 75 g-OGTT in non-DM Group (n=64)

BS (mg/dl)

IRI (mU/I)

Omin 30min 60min 90min 120min 3BS

Omin 30min 60min 90min 120min XIRI

IR 880 1360 1474 1365 1242 6302
(n=32) +83 =163 =+119 =*17.8 =+£11.6 =+32.1
Non-IR 881 1272 1439 1308 1120 6019
(n=32) +7.1 163 =*169 =£195 =127 =+424
<0.001 0.006

pvalue NS 0039 NS NS

11.9 51.8 80.1 82.9 70.0 291.5
+72 +254 £200 +£225 *£204 £565
8.4 313 42.2 40.7 31.3 153.7
+25 =181 =*£169 =£160 £64 £439
0.012 <0.001 <0.001 <0.001 <0.001 <0.001

Values are expressed as mean=+SD.

75 g-OGTT=75 g oral glucose tolerance test; >BS=summation of blood sugar levels ; SIRI=summation of insulin levels.

Explanation of the subgroups as in Fig. 1.

>BS/ZIRI Peak BS/peak IRI 104/peak BS * peak IRI
p<0.001 p<0.001 p<0.001

6 1 61 1 1

I_ 4241 l_ ¥ |_

37+13

5 ] 5- 1.7£06
4 [ 4 [ 2 1
31 22404 3 2.0+0.6 1 0.9+0.3 J‘
] - 41
11 11
0- 0- o-

IR Non-IR IR Non-IR IR Non-IR

(n=25) (n=32) (n=32) (n=32) (n=32) (n=32)

Fig.3 Comparisons of 75g-OGTT data between the IR and non-IR subgroups
SBS/ SIRI, peak BS/peak IRI and 10*/peak BS-peak IRI all showed significant differences between the

subgroups.

Abbreviations and explanation of the subgroups as in Fig. 1, Table 2.

MR- dbDEEZ ONBD, BEHEROHA M E LR
HThY, BEBRIBRCEELRIZL-WERER
BELENT, SRR TORINEOREFLETH 5.

F/, A VA VEPIEOFMAEICE LT, gl-
cose clampEED BB R TR A Y A VEREBEDER
WEABT A RERLELZONS., L L, ABIRIZL
B BB COBRRE DD, 1 R VEED
FerE L L CHIfE% 752-OGTT ? 1204 IRI & AV 7z,
LR DRSOV TIE, 75g-OGTTTOEH A Y A1) ¥
MFEAS, glucose clampiEil & 5 A ¥ A Y Y EFLEDH
FICRDEVEEIEO N -BELBETH), WH

B CIIOEIEIC L A EZEZED, SHBOKETIC
1205 IRIZFAVEZ LITRYKLEBDNT.

2. FERAS L U1 >R M & BBIIRKEE

EABEEITERELCOEEREICHRES LES
IRTE(L D ERE(LT B & OIEHSE (¥, KFETDH
BERAHEFOTERKFEOTE EE, AIKILE,
ez AR DIRERCTEE) ICERDFHA R SN,
A2 VERBEOEEORF TOERKELEFAL S,
EBR S BRERREOEEL, REFREDLE RS
AR H 7z,
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Table 3 Clinical characteristics of the IR and non-IR
subgroups in the non-DM Group

Subgroup
IR Non-IR p value

Patients (n) 32 32
Age (yr) 59.0+8.2 557497 NS
Male/female 25/7 24/8 NS
Coronary risk factors (%)

Hypertension  18/31(58.1)  22/32(68.8) NS

Smoking 27/32(84.4)  24/32(75.0) NS

Hyperuricemia  6/32(18.8)  8/32(25.0) NS

Family history  14/32(43.8)  6/32(18.8)  0.059

TC (mg/d!l) 205.8+30.9 201.6%+29.6 NS

TG (mg/dl) 197.5+149.8 155.6+81.7 NS

LDL(mg/dl)  132.8+28.7 133.4+28.0 NS

HDL (mg/di) 36.5+9.3 38.2+9.4 NS
Atherogenic index 5.1£1.9 4.6x1.7 NS
BMI (kg/m?) 252424 232428 0.003
Drug therapy (%)

Nitrate 30/32(93.8)  29/32(90.6) NS

Caantagonist  31/32(96.9)  30/32(93.8) NS

[-blocker 14/32(43.8)  6/32(18.8)  0.059
Vessel disease (%)

0vVD 2/32( 63)  3/32( 9.4)

1VD 11/32(34.3)  21/32(65.6)

2VD 9/32(28.1)  5/32(15.6)  0.068

3VD 8/32(25.0)  3/32( 9.4)

LMT 2/32( 6.3)  0/32( 0)
Coronary index

RCA 25+2.1 1.7£2.0 0.093

LAD 3.8+1.7 2.8+23 0.044

LCX 22+22 12£1.9 0.051

LMT 04%1.1 0 0.024
Stenosis score 8.6t39 5.6%+3.0 <0.001
Calcification (%) 27/32(84.4)  22/32(68.8) NS
Calcification score 6.51+5.3 4216.1 NS

Values are expressed as mean =+ SD.
Abbreviations and explanation of the subgroups as in Table 1,
Fig. 1.

1) BEAHER & BHRRE

FATE DHERIFDIER DFI - RATEBIIREE B & Ho0
ETHLMERETHY, %< OBRRRFFE®I2&
D, BRARSEBIREEDTFRLEERIE HEY
BT ENEMIN TS, FFRTIE, HERFIZIES
BIRERFKRERN S, DBIRER b L W HA A
HY, REOEFEMAFROLNI:. FLAKIKRED
HERELREC, BABRERORBHM L AR

J Cardiol 1998; 32: 291-300

TERER L A4 2 VIEHIE 297

HCIXIEMHB DR % 2, HERFICBIT 5 EEIIRE
EORHE L TERRECAIKILE RS sV ik%E & il
BEREIRENT. I it Dortimer 52 DHERIF T
ERREI SV EDEER, Kip 5P WERKDOTE
IREBEEITERETESE &) b IL#H 2 EE%EEER
Wb RRo-LomE L —3 L7, FIZ, Lemp 5%
R Vigorita 52 DG & FHIZ, B TIIERFED
TEREAR & R D EAERE I IIHIR % 5203, Waller 5
AIAEE L RO EEEICHE» 2 e RE LA L
1, ERBRFBEDRICH 2RERBEERE A R
v MfE% EOBIRTEILIRER F 45, TEIRBLOERE
LIS ATREMZ RETALDEEZLNS.
2) 1R VRN & BEIRRE

FFRETIE, REOSHIFEI L K REDFELEN
AV R) YIEFHEICB A EBRBEDEHEEZ S
hiz. ZOREIZOVTOFEMIITHTH 55, BA
YA VI EEHA NS DOBBIRFLEICKE
BIHRFLLTCAEOKRITROON, B VR
YMFEDEEIRANDERIERA D, H5VIEEA VR
v IE R M) FRERHBRES e Eh B,
F 7213 L CEIRIEAL & 1R S & 2 T EE S HERR &
hrz. F7z, Al L7ABRFBOSHEIRE L RERE D
FIBOWE CTREL, BICHOBBETFHZ b
5T ETEIYEFELT A LHERIN, 5%, THREF
ZEOEBRDOBFEPLELEZ BN,

3. 1R U ERMEH L BREREF»

Z % Tglucose clampiEiZ & 5 1 » A1) ViEHitk &
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Fig.5 Relationships between plasma insulin levels (IRI) before or at 120 min during the 75g oral

glucose tolerance test and stenosis score

The severity of coronary artery stenosis was significantly correlated with IRI at 120 min during the 75g
oral glucose tolerance test (right), but not with fasting IRI (left).

IRI(0) : fasting plasma insulin level before 75 g oral glucose tolerance test, IRI(120) : plasma insulin level
at 120 min during 75 g oral glucose tolerance test.
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