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Abstract:  Although diabetes mellitus is one of the established risk factors for coronary
artery disease (CAD), the role of insulin resistance in the development of CAD has not been
studied adequately. The purpose of this study was to evaluate the relationship between
insulin resistance and the individual types of CAD.

One hundred and twenty-seven patients with chest pain and 10 control patients without
evidence of CAD were enrolled in this study. All patients with chest pain received cardiac
catheterization, and were diagnosed as having cardiological syndrome X (n=17), vasospas-
tic angina pectoris (n=37), or CAD with coronary artery stenosis (n=73). The insulin
sensitivity was assessed by the euglycemic hyperinsulinemic clamp (EHC) method, as well
as oral glucose tolerance test (OGTT). M-value, the mean glucose infusion rate during
EHC study, was used as an index of insulin resistance. M-values of patients with either
vasospastic angina pectoris or CAD with coronary artery stenosis were significantly lower
than those of control patients, while no difference was noted between patients with car-
diological syndrome X and control patients. Insulin areas of OGTT of CAD patients with
coronary artery stenosis were significantly higher than those of control patients and
patients with vasospastic angina. The ratio of insulin area to glucose area in CAD patients
with coronary artery stenosis was significantly lower than in control patients and patients
with vasospastic angina, while no difference was noted between patients with cardiological
syndrome X and control patients.

These findings suggest that insulin resistance plays an important role in the development
of both coronary arteriosclerosis and coronary vasospasm, but not of cardiological syn-
drome X. (&EEiE. J. Nara Med. Ass. 51, 426~435, 2000)

Key words: cardiological syndrome X, vasospastic angina, ischemic heart disease, insulin
resistance, euglycemic hyperinsulinemic clamp method
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&%, BIKER, OERFR, FEREEHTRALE
PHLUTO3HEMESE L. CSX 13, BOEREYE
L, EFEAMLENCROEEIERTR, BEREE
THEEORELZREY, 7HF1a ) VAT CH TEME
DRBERINLVEFIE Lic. VAP, BOERYEL,
FEROLERCRMEE LY RTH, BEREE F
BORELRRIT, 7712 ) VAR CLERE{LE
OB ) B BRI h BESI L L. CAD-
CS i, BEREEL, RBIERFOLERD 5 WIZATD
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FRET, BEBREFEE CERORENL, N
Fh BIE RIS IERTHIREE 10 FI(CREEAL
72. Table & RBHOERRT 2~ $(Table 1.
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Table 1. Characteristics of patients

Variables C CcSx VAP CAD-CS Sisg?fifjcle

n (male/female) 10(7/3)  17(9/8)  37(23/14)  73(64/9)  <0.01"
age (rys) 58+11 5749 57411 59+10 NS
SBP (mmHg) 128411  130+16 122413 122414 NS
DBP (mmHg) 7549 77+11 7249 71410 NS
BMI (kg/m?» 22+3 23+3 23+2 24+3 NS
TC (mg/dD 187426 205430  191+35  204+35 NS
TG (mg/dD 84+18  128+72  116+58  141+71 NS
HDL-C (mg/dD 57+13 53+12 50+13 43+13 0.022%

C ; control, CSX ; cardiological syndrome x, VAP ; vasospastic angina, CAD-CS ;
coronary artery disease with coronary artery stenosis, SBP ; systolic blood pressure,
DBP ; diastolic glood pressure, BMI ; body mass index, TC ; total cholesterol, TG ;
triglyceride, HDL-C ; high density lipoprotein cholesterol, NS ; no significant.

1. CAD-CS vs CSX and VAP, 2 ; CAD-CS vs control
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OEBIRERRFOFECHELZ T 52002, L 2T,

EXRED 5 b, HlERE? (RFHMRE 140 mmHg B E
F Fo R BN FE 90 mmHg LA B), FB#E (BMI 25
PB), BEIEIME®( =1 27 2 —n 220mg/dl LI E%
7oA RERS 150 mg/dl Bl E) o &30 % B\ Fe R A
BREL. ThiHYL-d Dk, CEESHI, CSXHES
B, VAPF 156, 33X O CAD-CSEH M4 FITH5.

2.

D Zra—-2z5v 7RI B4AVRY VEFRKD
FHM 0 4 v R Y VIEFIMRE, BEIREEBOREBIEEL
T-FFiiIC DeFronzo, et al.?® O FEICHEL, RIHOSE
BOALHERC LTI/ v e —R 7 5V FETCHE L. H#
EWE AT (STG-22, BHEE) 2 A L. HHE 1
vAY)v(ta—=V VR, EEFHRNELENSERNC
BBEAL, 10 %27 v 2 — 2 25l o FH IR I EEE A
Lic. A v R Y vix, 3.56 mU/kg/5 OWEET
HEARBA L, LI 15 5200 CHIR L, IEABIIAE 15 4
b 120 5 OMTIx1.12mU/kg/ 5 OMEEECHEAL
fo. AV RY VEREOER, LRLoMEECEAL
T 5 o MFEE % 95 mg/dl IR+ % 0w BB etk
EhlchDrsrra—2EAEY, EABRBEIOSHS
120 4 D [ ¢ D FHfE (mean glucose infusion rate, M
) & LTRDI-.

2) T5gO0GTTIRX B4 v R ) VIEH MO : 75
gOGTT KX 31 VR Y VEHMOIEL LT, MmEEm
BEBOE A v 2y vEBKCIRD 2 b MERE L 1 v
2 Y VEETHRLMEGCBS/SIRD%, UToX2nbHk
D7,
=BS=0.25X (BS 0 4 +2 X BS 30 4 +3 X BS 60 4
fE+2XBS 120 4&)

SIRI=0.25X%1IRI 0 fE+2XIRI 30 4 + 3 X IRI 60 &
{E+2XIRI 120 &)

3 HEFTERAE  BFRMLEL, 58S TS ELE
(Scheffe) THFHFAIME R L. BEKEZBERENS
%R E L, XFOBEILTFHE L EERETE L.

154 &

1. TRRT

SRS, IREHAMEE, FREREAMAE, BMI, B=av 2y =m
=, BIOHRHEIRIE, SRMCER bk, —F,
CAD-CS HToBEMEDEIS L, o 3FHELTEER
Ehote. CAD-CSFHTo HDL-2 VAT r — i3, fih
D IFH L TEREMETH - 7 (Table).

2. Mf{&

BEtngLplco MER, CHEA8.5+1.6mg/kg/

T =

5y, CSX #n38.1+3.3 mg/kg/4%, VAP #236.3+1.7
mg/kg/%, X Y CAD-CS #234.9+1.8 mg/kg/5 T
HY, CHCHELTVAPH S IO CAD-CSHTEERL
EfE(EnZh, P<0.01), VAP # %k X O'CSX Btk L
T CAD-CS H#THREIEM(ThZh, P<0.0D), &5
W CSX Bttt L € VAP B C{EME%R R L 72(P<0.05).
UL, CE & CSX BOMBEMNCIIZEN Th - 7o (Fig.
1-A).
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(A) ' — e —
_12r I ;FI;F_*:II_'**ﬂ
£
A
< 8r T
Q) L
£ T
8T
C]; -
= oL

T *"‘ 1
E 12r T * % 1
& T
2 gF T
3 T T
g .
g 4r
[
S -
= oL
C CSX VAP CAD-CS

Fig. 1. M-value and type of coronary artery disease.
(A) Comparisons among all patient group,
(B) Comparisons among subjects without
coronary risk factors (hypertension, obesity
and hyperlipidemia).
C; control, CSX ; cardiological syndrome
X, VAP ; vasospastic angina, CAD-CS ;
coronary artery disease with coronary
artery stenosis. **P<0.01, *P<0.05.
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CS ##235.3+2.1mg/kg/5Th b, CHITILL TVAP
HER IO CAD-CSHTHERREMELXRLI(ThZh,
P<0.01) 2%,
F7, CSX %, VAP #, ¥ X ' CAD-CS #HoL#HIC
FEN L 7o (Fig. 1-B).

3. 4 vAY vEECIRD

2Bt SIRIE, CEA61.4+30.7 U /ml/B,
CSX 41 93.6+61.9 U/ml/KF, VAP 523 92.7+58.7
»«U/ml/Bs, % X 08 CAD-CS B3 141.6+86.3 £ U/ml/
Fthy, CEREIVOVAPHIILL T CAD-CSHEHTE
BrafEtRLi-(FhZh, P<0.05). —J, C#, CSX
¥, BIXOVAPBEOEHECIENEh o, Fl,
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Fig. 2. Insulin area and type of coronary artery dis-
ease. (A) Comparisons among all patient
group, (B) Comparisons among subjects with-
out coronary risk factors (hypertension, obe-
sity and hyperlipidemia).

ZIRI ; immunoreactive insulin area.
*P<0.05.
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CSX B L CAD-CS #f o mEEHIC  Z 2378 s - 1= (Fig.
2-A).

EEIRERET2HE 3 5EA RS L gl To SIRI
%, CHE2365.0+£32.8 xU/ml/Ky, CSX BE23105.7+
53.7 £ U/ml/s, VAP ££2388.7+39.8 xU/ml/BE, % X
U'CAD-CS #23142.1£93.6 o U/ml/BETH v, KEERH
N e - 7= (Fig. 2-B).

4. MHEEREGEBS)

£G1co SBS ¥, CHA263.5+54.7 mg/ml/ K,
CSX B 23255.2+52.7 xU/ml/Bs, VAP B 2%287.3+
68.7 mg/ml/KF, 35 X OV CAD-CS #£4% 285.4+51.9 mg/
ml/BEThy, HEBIEN T -7 (Fig. 3-A).
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Fig. 3. Blood suger area and type of coronary artery
disease. (A) Comparisons among all patient
group, (B) Comparisons among subjects with-
out coronary risk factors (hypertension, obe-
sity and hyperlipidemia).

SBS ; blood suger area.
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BERERRATFE2ETHEANZRI LcFlTco SBS
%, CEEA270.0%56.1mg/ml/Bs, CSX BEAS256.9+
46.1 £ U/ml/Kf, VAP F£25298.6+87.1 mg/ml/B, *
Y O'CAD-CS #23 277.4+54. 0 mg/ml/BsChH b, £E
R ZE M T hs» 7= (Fig. 3-B).

5. FREBEEE MBEERE/ 1 v 2V vEEGCBS/SIRD

£flco SBS/SIRI %, C#220.050+0.019 mg/
#U, CSX F£4%0.038+0.022 mg/uU, VAP BEA%0.042
+0.024 mg/ U, % X O°CAD-CS & 2%0.027+0.015
mg/uUTHYH, CERIOCVAP#FIH L ¢ CAD-CS
HTEBCEMEEZRL(EhFh, P<0.0D. —F4, C
B, CSX B, BIUVAPHORBMITIZZENRD -
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Fig. 4. SBS/SIRI and type of coronary artery dis-
ease. (A) Comparisons among all patient
group, (B) Comparisons among subjects with-
out coronary risk factors (hypertension, obe-
sity and hyperlipidemia).

SBS/ZIRI; blood suger area/immunor-

eactive insulin area. **P<0.01.

x® =

Fo. X1z, CSX B & CAD-CS B TBERIIC 225370 5
- 7= (Fig. 4-A).

TEIRERAF2H T HEZESN L-flTo SBS/
SIRI vk, CHEA%0.047+0.016 mg/pU, CSX 23 0.030
+0.014 mg/uU, VAP 323 0.040£0.022 mg/uU, F X
O*CAD-CS #230.028+0.017 mg/xU TH b, KFHH
N Tnh - 7o (Fig. 4-B).

6. SBS/SIRI % X 0" SIRI & M{E & DBEIfR

2B cOMERZ, SBS/SIRI & 55\ IFHBI(r=0.437,
p<0.0D) (Fig. 5-A), SIRI 8B\ A&MHBIG=—0.487,
p<0.0D) &/~ L 7% (Fig. 5-B).
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1 v RY) vEFREOEEMITEE L L TR EERED
BWbOR I va—R27 5V FTETHBHN, Foflic
minimal model %, steady state plasma glucose
(SSPGI¥E™, 75g0GTT ¥, # # IR bE & fif 58 B0,
homeostasis model assessment(HOMA)?3Y 7z & % i
I T3, SSPG #% X O minimal model Z513 7 4 =
—R27 7 v 7ELEREOMHBRRT A2, 75g0GTT
B, BEIEATRR, 38X OCHOMA 34 v R Y v
TERETIA v R ) vEHEOFHESRE L Shs.
Z T THRRE, RIEEEORV- IS ra -5V S
ETAVR) VIEFIMERTMET 2 & L bic, AFTHA
Eh T3 75 g0GTT B TOFMIZOWT R L 7.

2. A v RY VIEHKE L TEIREEL

DIERBEDORIE R, JMEE, WHEEESE, IO
RERHEE OBRRFOERC L - TN 52 &8
HWEI RT3, GF, RIE, THEERESE, B 5
BRIMAE 72 & DEBERAFIE, 1 v 2 ) viEFexT 5%
REED A v R Y vHWITHE L BE A v R ) VIMFEH
ERCHEFETDZEBIEHIhTW%. S0 X5 RRE
1%, metabolic syndrome X3%, syndrome of insulin
resistance(/f ¥ 2 U VIEFIMREER), ¥ X ' deadly
quartet GEDOMEZE)NE LTHEIh TV 5.

mA Vv RY VIEER, EBRECOERRTELCE
BEigBE TR IcTEFELLNTEY, ZOBFEL TR
mA YAV VIEOEENR~OEEEA L, H5\VI3E
4 v R ) VIMEERAE s - CHEL T 5 itHERERESE, AEHE,
BLOBEERBRER R ChEMI, F3HEFELC
BRELERE SRS L E L b5, BREREDOHE
B3, KRBT v R ) VIEFMICHERRS 4 VR Y
VIRERE L, A VRY) VERETRETARA VR
v IEALRE « DRHRERTRL, ZhbORBIER
THZETHEINDESZEZDOATWA.

CAD-CS to 1 v 2 ) v BT 2 HE T
CAD-CS itz A v 2 ) vIEHMLZFEET 5 LDERT
—F L T\W\5, Despres, etal? X, WFEIIREBDOEE
DRI A5 D T6 MO FM 2,103 I NR L TE
IV RY) VIIFEDHEZRIR X TR L. HH1, 6
FERICEBIREB L FAE L 114 Bl 5 bEERRES %
BRI L7 91 Bl D ZE[ERS MR A v 2 ) v B E 23N REE
105 FZ L TRV &V 5D, AFBTd, NP, EE
MERE D BRIAME L BE ZEAED 14 AR ELTo/ v =
—R2FVYTETAVRY VEFEDIRECTHLMEY
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HWELTEY, 1 VvR) VEFREOFEXYTREL T\ 5.
Fio, W69, EEIREBBRE 36 FIENSRKT5
gOGTT Tt1 v R ) vEEBY*BH L, BERkEFcES
CEEELEAVARY VIEORICIEMENR A b &
WELTWD., AR TD, 75g0GTT DA b3 2
Na—R7 5V TETOREND, CAD-CS Bzl v
AY) VEFMESFEL TCWB I EREMT . L
b, BIMERE, B, X OEPBILEOTEIRE/ LR
AFEHRAL TS, 1V R ) VEREOEENE LA T
b, SEIOREEIZA v AV VEFMEI T L CEEIR
BARCBES L CWAE E 2R LT 53D EE 2
bis.
3. AV RV VRGN L EEEEOEVAP)
TEIRE B I EHIREY CEBIRCEE OREY T
THDOLRIILWDDERDD, IHLIEEIIZ VAP &
TV EREE LS T bh b, VAP i3, BBIREE CF
BIRCRIEEL R I I\, BEIRA <R A —B LA
ERERE R MEN = = —EAVUS) THERKRD b
N, TCRHHOBIREMELFEL T B E I 5%,
M Bz B 3k Ifl % 1 2 R F(EDRF) X Furchgott &
Zawadzki I & » TRR I hLFEYWBE TH B9, =
® EDRF %43 % M8 s s kB IR E( LR R T
TETLTWAZ EAABRT WS, TEFALa ) VE
i CREBE I HER & W TR P R i A 5 (e
WRERIGAME T L CER b, REALMESFE clRL
THZENTERVEED, ZLBHOBRE/LHRE Y
FRL T AHEEENSS. ©F b, VAP T, HEY
B B IRBEALEZE LA S L T\~ B 72b, CAD-CS fil &
Ak, 1 v R vEHEIEEROERRTE LTk
WEBEEZLNRG. ZORBRETRHT S I 51, VAP
A v AY) vEREIFET S LOBRT—HLTW
%. Shimabukuro, et al.? ¥ X O Suzuki, et al.'®, %,
FhZNVAPBEE UBIB LI O30 BIETEE LTS
gOGTT¥ETA v R V) vEEEZH®REF L, VAPEEZ I
AV AY VERESFEET S ERHEL TV 5.
Shinozaki, et al.'V 1%, BERFA LRI L1z, VAP E%&
16 #l, CAD-CS &3 16 #l, ¥ X O fREE 16 4% [EE it
VERETE & TWHERE R EHE 1) C steady  state plasma
glucose 5ETA v A Y vEHIMEZHRE LT\ 5. VAP &
EFR LU CAD-CS BERIRNBRE LTI v R Y VIE
PitEEIR LIcd, VAP B3 & CAD-CS B o mERi
BENh o LiEHR LT\ 5. Botker, et al® %,
minimal model ZE#HHL, VAP BE 156lic1 v 2V
VIETIMELPFET S LV IREYBE L TV 5.
BHEHRE LicAKRH S, VAPIRA v R ) VIEH
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WRNEET D LRI N R 75V FTHETHAELTE
b, VAP THEIRBE(LERERE ShT\\w5 2 &8
ARIN. ¥, BIUERE, BH, ¥3XOEEIMLED
BEIRELERR T 25BN LckETtd, VAPIA v
2 vEFOFENRED b, —F, 715g0GTT &
T, AV R) VEFHEOFENEL TR - T,
DED, INa—-—R7FVITELESTA Vv RY VIEH
HEHHERRRDOIEFILFEL TS0 L HAII LS.
F, SEOKRRTIE, 1 YR ) VEFEOIMEEE L
T, 7 nva—R7 5V 7ETOREEE 75g0GTT ¢
B L oM S b omEENRD b, FOBHRELT,
TFERERERESILE, 75 gOGTT BTk 4 v R ) ViIEHIME
DA VR Y VHWREDE T TRE X K Ml & i mT
B D 5.

4. A vR) viEHH & cardiological syndrome X
(CSX)

CSX 1%, 1967 iz Likoff, et al.*® M gJHTHLE L T
b, Kemp, et al.*? IZ X » T syndrome X ¢ GEIh
7z, CSX i3, BRLEEREE L, BEAMRER ClRm4:
STETZRTH, SRREE CTERORELRIT, &
BHELFRINDCEHIREE L EEIhTHD, TH
DEREELOHRELORE EE 2 5h 5. Can-
non, & Epstein.*? 1%, & ® X 5 isfEHl% microvascular
angina(MVA) & %317 7o, B EERESE L, THv i
BOBE O X HEEENEE? 55 WEEH/ DS
DHFEEZEMERE UBIIREELIC X 5 B8 BERIRES S 5N
RKREEZLN T3, BT TIEBIRELD H%5E
BIREE T 5 L O VAP T, A v A ) VIEHMS
FHETHEREIRTWS. CSX 121 v R Y VIEHIHERN
BIETHELTOBHEN R0, FELEWE
D2 L Z bR, WERERIEBLR T, &
fo, AV AY VEREOFESEE L TRIEEEOS
WZra—R27 5V TETEN LRGN .
Dean, et al.'¥ %X 0" Chauhan, et al” ¥, ZhZFh
CSX FEFI 11 Bl X 020 Bl & 5tsR & LT 75 gOGTT ¥
TR LTED, CSX it 1 v R ) VIEHMEIELET S
LHEL T 5. Fuh, et al’® 13, CSX B 20 Ao %
HELTSSPGETA v A Y VIEFMERIHEL T\ 5.
180 88 D SSPG BE IR BRI L« CSX B THE 1l
BRLIZ L, CSX i1 v R ) VIERMAELET B
W59 Lnnl, ZoBREHE, WBREICHERRES R
ELTWAZ LCRHEREL T\ 5. Botker, et al.®
i, CSXBEILFIEZRNREL I va—R27 5V T
TAVRY VEBHEEFHEL CW5. ZoRETE, M
v, NREEDS6.410.7 mg/kg/4, CSX FERIA 3.9+

T =

0.7mg/kg/5Th b, RBFCHL T CSX EFITHEE
CEMERR L. b, 51, CSX B3 20 flixis
L LTA v &Y vEHI# % minimal model ¥ % S
LTk, CSX ImidA v R ) VEFIMENELET 5 L%
LTWw3Y Lal, ZoBRFcd, SREANCERERS
EPRBELTVWSZ EICHBERER L T\ 5. ¥, Swan,
et al.’® {X minimal model #C, Vestergaard, et al.’®
B7ra—2Rr7 Vv 7ETHRIELTEY, 1vRY VK
MRS 5 L HMEL TV 5.

—7, Galvan, et al® 7 rva—R7 5V 7T,
Perin, et al.®® 1% 75 gOGTT #: & minimal model T
BE L TWw52, CSX I A v 2 ) VIEFIMENEEL 7t
[APAR N

SEOBE T, CSX BE 1THIENEEL, A VR Y
VIERMEOFME L L L TR BEEEOE VS L2 — R
73V TETAVRY VEIIMETHE L. CORET
1%, CSX & A v R ) vEHiHE & OBIEHI B 2 TlXinh
ot BIR LI X 51, fEkD A v R Y VIEFIMEIERE
THEL TV HER, BRBEVCEERBEEE AL
7o CSX FEFIBEL Thicd o kv, FZ T,
ABFZRE, BERR, BMEE, RERBEYE, sI0m
WEERALTA v R Y VIEFIERHRE Licas, CSX k1
VA VEHEERE R .

MEDZ 0, £vRY) vk IEHIREY 4
ETE 5 EBIRTOBIREMRICEES LT\ 5 2 ot
BHER I, TEEIER CHE T oWl EEik
TOBIRBELTER D 5 X EEEH FEA~ OB S (38 b o
TRIENZ EHREIN 5.

& B

TEINRE B EZE 127 BI(CSX 17 4, VAP 37 #l, R X
OCCAD-CST3BDHENELL, Fra—R7 5V FEE
75g0GTT BETA v 2 ) VIEFMHOBE L DT
L.

1) Zra—R75VTETDAVRY VEHMERT
T MEX, CE218.8+1.4mg/kg/%, CSX A 8.1+
3.3mg/kg/%, VAP #»6.3+1.7mg/kg/%, CAD-
CS#234.8+1.7mg/kg/FTh v, CEIcHL T VAP
HRILIOCAD-CSHTAREMEY R L(EFRER,
P<0.0D%, CHF& CSX HOMITIZZEMNTehvw T,

2) 75g0GTT ¥THDA v R Y VIEHiM %R SBS
/SIRIfE ¥, CH##%0.053%+0.022mg/xU, CSX BEH
0.030+£0.016 mg / U, VAP % 230.042+0.024 mg /
#U, CAD-CS #430.027+0.015mg/uU ThH b, CE
LT CAD-CS #THBIEMER L 72(P<0.01).
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59.5 xU/ml/B%, %X 08 CAD-CS Bf#%141.6+86.3 xU
/ml/EThy, CHIHEL TCAD-CSHTARELEE
L7 (P<0.05).
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