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Evidence of higher insulin resistance in NIDDM patients 
with ischaemic heart disease 
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Summary Prospective studies have shown a relation- 
ship between hyperinsulinaemia, an indirect index of 
insulin resistance, and IHD in men with normal glu- 
cose tolerance. In NIDDM this association is less clear 
possibly due to the poor significance of insulin and C- 
peptide concentrations as an index of insulin resis- 
tance. Therefore, only a direct measurement of insulin 
sensitivity could clarify the possible relationship be- 
tween insulin resistance and IHD in NIDDM. We 
have evaluated insulin sensitivity, by means of an ITT, 
and some risk factors for IHD in 72men with 
NIDDM, 36 with and 36 without IHD, attending our  
out-patient Diabetic Clinic. The two groups were of 
similar age, duration of diabetes, glycaemic control 
and body composition. Subjects with IHD were more 
insulin resistant (K~Tr index 2.45 _+ 0.18 vs 3.12 _+ 0.13 % 
per rain, in patients with and without IHD, respective- 
ly, p < 0.004), had higher total (p = 0.011) and LDL 
serum cholesterol levels (p = 0.010) and greater prev- 
alence of hypertension (p = 0.001) compared to sub- 

jects without IHD. Using step-wise logistic regression 
analysis, insulin resistance (odds ratio 2.57, 95 % CI 
1.87-3.28, p = 0.008), hypertension (odds ratio 8.17, 
95 To CI 6.86-9.48, p = 0.002), total serum cholesterol 
levels (odds ratio 1.02, 95 To CI 1.005-1.035, p = 0.015) 
and BMI (0.79, 95 % CI 0.67-0.97, p -- 0.049) were in- 
dependently associated with IHD. After adjustment 
for age and duration of diabetes, only insulin sensit- 
ivity was directly related to the age of onset of IHD, 
independently from other clinical and metabolic 
parameters (p < 0.015). In conclusion: in NIDDM, pa- 
tients with IHD are more insulin resistant compared 
to subjects without IHD. Insulin resistance is associ- 
ated with IHD, independently from other cardiovas- 
cular risk factors. A higher insulin resistance seems to 
be related to an earlier clinical onset of IHD. [Dia- 
betologia (1994) 37: 597-603] 
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Three prospective studies have shown an independent 
association between hyperinsulinaemia and IHD in 
men with normal glucose tolerance [1-3]. Some cross- 
sectional studies have confirmed these results [4-7] 
whereas others have shown less clear conclusions [8]. 
In NIDDM some reports have revealed an inde- 
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pendent relationship between hyperinsulinaemia or 
higher C-peptide serum levels and IHD [9-11], where- 
as others have failed to demonstrate this [12-14] or re- 
ported controversial results [8]. A study performed on 
patients with NIDDM demonstrated that a lower rate 
constant of glucose disappearance [Ka] following an 
intravenous glucose tolerance test, was related to a 
greater mortality rate in the presence of similar fasting 
plasma insulin levels, which suggests a higher insulin 
resistance in subjects who subsequently died [15]. 

Since hyperinsulinaemia is an index of insulin resis- 
tance, these studies suggest a role for the hpyerinsuli- 
naemia/insulin resistance association as a predictor of 
IHD, at least in non-diabetic subjects. However, the de- 
gree of insulin resistance is not clearly evidenced by the 
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s e r u m  insulin o r  C -pep t ide  concen t r a t ion ,  especial ly  in 
N I D D M  [16]. I n  fact,  the  impa i red  beta-cel l  r e s p o n s e  
to hype rg lycaemia ,  wh ich  charac te r i ses  N I D D M  [17, 
18], r educes  the  s ignif icance o f  s e r u m  insulin o r  C-pep-  
t ide levels as an  index o f  insulin resis tance.  T h e r e f o r e ,  
on ly  a di rect  eva lua t ion  o f  insulin sensi t ivi ty cou ld  clar- 
ify the  re la t ionship  b e t w e e n  insulin res is tance  and  
I H D ,  b o t h  in n o r m a l  and,  especially,  in N I D D M  pa-  
tients. 

O u r  a im was  to assess w h e t h e r  N I D D M  pat ien ts  
wi th  I H D  are  m o r e  insulin res is tant  c o m p a r e d  to  pa-  
t ients  w i thou t  I H D .  To eva lua te  the insulin sensi t ivi ty 
we used  the  ITT, a s imple and  inexpens ive  m e t h o d ,  use-  
ful for  ep idemio log ica l  s tudies and  for  rou t ine  evalu-  
a t ion  o f  insulin sensi t ivi ty in humans .  This test  shows a 
s t rong  co r re l a t ion  wi th  the  gold  s t anda rd  t e chn ique  o f  
insulin sensit ivity m e a s u r e m e n t ,  i.e. the  eug lycaemic ,  
hype r in su l inaemic  c lamp [19-21].  

Subjects and methods 

Subjects 

ing this time period they were asked to collect two 24-h urine 
samples, which were then brought to the diabetic clinic. The vol- 
ume was measured and aliquots immediately frozen at - 2 0  ~ 
until analysed. The presence of urinary tract infection was ex- 
cluded by clinical criteria and by examination of the urinary sedi- 
ment. Oral antidiabetic agents were withdrawn at least 36 h be- 
fore the ITT to avoid any residual effect altering the steady-state 
of the plasma blood glucose level before the ITT. For the same 
reason, both long-acting and regular insulin were withdrawn at 
least 36 and 12 h, respectively, before the ITT. Cardiovascular 
drug therapy was interrupted 12-14 h before testing. Three pa- 
tients with IHD and two without withdrew between recruitment 
and the ITT. Their clinical features did not differ from the re- 
maining patients. 

ITT was performed at 08.00 hours, in the postabsorptive 
state. Blood samples were collected at - 30, - 15 and - 1 min to 
confirm the glycaemia steady state and to measure serum insulin 
and C-peptide levels. At 0 min, an i.v. bolus of regular insulin 
(0.1 IU/kg of body weight) was infused and blood samples were 
obtained at 3, 6, 9, 12, 15, 18, 24, 30 rain. The samples were col- 
lected in tubes containing EDTA and NaF and centrifuged for 
the immediate determination of plasma blood glucose levels. At 
the end of ITT, or in the presence of any hypoglycaemic symp- 
tom, 20 ml 33 % glucose solution followed by a continuous 30- 
min infusion of a 5 % glucose solution were administered i. v. 

Seventy-two male out-patients with NIDDM (National Dia- 
betes Data Group criteria) [22], 36 with and 36 without IHD, 
were studied. All the patients were attending our diabetic clinic 
and were recruited between October 1991 to January 1992, dur- 
ing a control visit. Subjects who were more than 75 years of age, 
had signs of cardiac failure, proteinuria or renal failure, liver dis- 
eases and other chronic or intercurrent illnesses were excluded. 
Subjects who exercised regularly or performed any other rigor- 
ous physical activity, who showed weight fluctuation or con- 
sumed more than 80 g alcohol per day or hypolipaemic drugs in 
the previous 3 months were also excluded. Subjects who had suf- 
fered myocardial infarction or who had undergone coronary an- 
gioplastic or by-pass surgery in the previous 6 months were not 
studied to avoid a possible influence of the therapeutic physical 
inactivity on insulin sensitivity. 

All subjects with IHD fulfilling the selection criteria and a 
control group of patients without IHD were studied. All subjects 
were following a diet for diabetic patients composed of approxi- 
mately 45 % carbohydrates, 20 % proteins and 35 % lipids. Pa- 
tients were informed about the purpose of the study and gave 
their informed consent to the procedure which was performed 
according to the Declaration of Helsinki and with the local ethi- 
cal committee approval. 

Experimental protocol 

To determine eligibility, medical history, physical examination 
and a 12-lead ECG were performed. A fasting blood sample for 
measurement of lipids, creatinine, potassium and HbA~c mea- 
surements was collected. 

The systolic (first phase) and diastolic (fifth phase) blood 
pressure was measured to the nearest 2 mmHg using a standard 
sphygmomanometer by a single, trained examiner, at least 12 h 
after the last dose of any cardiovascular agent. After a 10-rain 
rest measurements were taken three times, with the patient in 
the supine position. The mean of the last two measurements was 
considered. Subjects who fulfilled the recruitment criteria were 
asked to participate in an intravenous ITT within 2 weeks. Dur- 

Analytical rnethods 

Body mass index (BMI) was calculated as weight (in kg) divided 
by height (in m2). Fat distribution was evaluated using the waist 
to hip ratio. Measurements of the waist at the smallest abdomi- 
nal circumference and of the hip at the largest gluteal circum- 
ference were taken to the nearest 0.5 cm [23]. Body composition 
was calculated from height and weight according to Hume's 
method [24]. Hypertension was defined on the basis of the World 
Health Organization criteria (systolic and/or diastolic blood 
pressure > 1 6 0 m m H g  and >95 mmHg, or the current con- 
sumption of a hypotensive drug). Microalbuminuria was defined 
if the average of the two 24-h urinary albumin excretion mea- 
surements was greater than 30 mg [25]. Smoking habits, past and 
present, were categorized as smoking more or less than 20 ciga- 
rettes per day, or having never smoked. Daily alcohol intake was 
stratified as either more or less than 40 g, or no intake, assuming 
that the amount of alcohol in a glass of wine is 10.8 g, in a bottle 
of beer (0.33 litre) 12.8 g, in a measure of spirits 15.1 g [26]. Hy- 
potensive therapy was grouped as possibly ameliorating (ACE 
inhibitors and peripheral alpha blockers) or worsening (beta 
blockers and thiazide diuretics) or having no effect (others) on 
insulin sensitivity [27]. Antidiabetic therapy was categorized as 
insulin, insulin plus oral hypoglycaemic agents, sulphonylurea 
and/or biguanide agents, and diet only treatment. IHD was diag- 
nosed using at least one or more of the following criteria: Rose 
Questionnaire [28], ECG at rest (Minnesota Code 1.1-1.3, 4.1- 
4.4, 5.1-5.3, 7.1) [29], echocardiography (presence of regional 
wall motion abnormalities) coronary angiography (50% or 
greater narrowing of one of the principal coronary arteries, at 
least in two projections), percutaneous transluminal coronary 
angioplasty or coronary by-pass surgery. In the control subjects 
IHD was excluded by the Rose Questionnaire and ECG at rest 
(Minnesota Code criteria). 

Plasma glucose was measured in triplicate with the glucose 
oxidase method [Beckmam Glucose Analyzer; Beckman, Ful- 
lerton, Calif., USA]. The intra-assay and inter-assay coefficients 
of variation of glycaemia were less than 1.2 % and less than 
1.5%, respectively. Serum total cholesterol and triglycerides 
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Table 1. Clinical and metabolic features of NIDDM patients with (IHD + ) and without (IHD - ) IHD 
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IHD + IHD - p value 

Age (years) 
Duration of diabetes (years) 
Body mass index (kg/m 2) 
Lean body mass (kg) 
Body fat (% body weight) 
HbAlc (%) 
Creatinine (btmol/1) 
Potassium (mmol/1) 

Alcohol consumption (n) 
> 40 g daily 
<_ 40 g daily 
no intake 

Hypoglycaemic therapy (n) 
Insulin 
Insulin + oral agents 
Orgal agents 

Biguanides 
Diet 

Hypotensive therapy (n) 
ACE-inhibitors and/or 

peripheral alpha-blockers 
Beta-blockers and/or 

thiazides 
Others 
Total (%) 

Diagnosis of IHD (Rose 
Questionnaire and~or ECG 
at rest) confirmed by 
other diagnostic procedures (n) 
Cardiac enzyme elevation 
Echocardiography 
Coronary angiography 

59 + 9 (40-71) 59 + 7 (44-70) > 0.9 
9.1 + 7.9 (0.5-32) 9.9 + 5.8 (0.5-22) > 0.4 

26.7 +_ 3.4 (19.9-32.5) 26.1 _+ 2.7 (21.3-32.7) > 0.4 
55 + 5.8 (41.5-69.7) 54 _+ 4.5 (45.1-64.1) > 0.2 

29.9 + 5.1 (18.6-37.2) 29.5 + 3.7 (21.5-37.5) > 0.7 
6.4 _+ 1.5 (4.5-1.0.3) 6.5 + 1.4 (4.3-9.8) > 0.8 

107.8 + 10.6 (88.4-132.6) 103.4 + 15.9 (79.6-132.6) > 0.16 
4.2 + 0.4 (3.6-5) 4.2 + 0.3 (3.6-4.8) > 0.9 

NS 
8 7 

15 19 
13 10 

4 2 
5 3 

24 27 
12 13 
3 4 

5 3 

16 
6 

27 (75) 

1 
5 

27 

4 
1 
8 (22) 

NS 

< 0.001 

Data are expressed as mean + SD (range) 

were measured enzymatically (coefficients of variation intra- 
and inter-assay 1.7 % and 2.2 % for cholesterol, 2.1% and 2.8 % 
for triglycerides, respectively). HDL cholesterol was measured 
enzymatically after precipitation of the other lipoproteins (coef- 
ficients of variation intra- and inter-assay 2.7 % and 3.1%, re- 
spectively). LDL cholesterol was calculated using the Friedwald 
formula only if triglyceride levels were less than 45.2 mmol/1 [30]. 
Creatinine was measured using the Jaff6 method (coefficients of 
variation intra- and inter-assay 2.5 % and 3.2%, respectively). 
Potassium was measured by an indirect potentiometric method 
(coefficients of variation intra- and inter-assay 1.3 % and 3.3 %, 
respectively). HbAlc was determined by ion exchange automat- 
ized chromatography (coefficients of variation intra- and inter- 
assay 1.1 and 1.2 %, respectively, normal value < 5.3 %). C-pep- 
tide was determined by radioimmunoassay [31] (RfA-coat  C- 
Peptide; Byk-Sangtec Diagnostica, Dietzenbach, Germany, 
coefficients of variation intra- and inter-assay 6 % and 10 %, re- 
spectively). Insulin was measured by enzyme immunoassay 
(Medgenix-Ins-Easi; Medgenix Diagnostics, Brussels, Belgium, 
coefficients of variation intra- and inter-assay of 7 % and 11%, 
respectively) [32]. Albuminuria was measured by radioimmu- 
noassay (Diagnostic Products Corporation, Los Angeles, Calif., 
USA, coefficients of variation intra- and inter-assay 5 % and 
10 %, respectively) [33]. 

The ITT's K index (KtTT) of insulin sensitivity was calculated 
as previously described [20]. Briefly, the K value was the ratio 
between 0.693 and t~a, where tl/2 is the time necessary to reduce 

the glycaemic value by one half at - 1 min. T1/2 was calculated 
from the slope of least square analysis of the glycaemic concen- 
trations, starting at the 3rd rain until the 15th min after i. v. insulin 
injection. ITT was reproducible in eight NIDDM subjects on 
whom the test was performed twice within 2 weeks. The mean 
KITT values ( -+ SEM) were 2.83 + 0.26 and 2.89 _+ 0.35 % per min 
with a coefficient of variation of 6 _+ 2 %. 

Statistical analysis 

Triglycerides and serum insulin levels were log transformed for 
their skewed distribution before analysis, and then reconverted 
for data presentation. Two-tailed Student's t-test for unpaired 
data was utilized to compare the two groups for the continuous 
variables. Two-way analysis of variance for repeated measures 
was used to compare basal glycaemic plasma levels between the 
two groups. Chi-square with Yates correction was used to com- 
pare the two groups for discrete variables. Step-wise logistic re- 
gression analysis was performed to evidence the features inde- 
pendently related to IHD. A forward step-wise selection crite- 
rium was chosen, with a cut-off level of significance of 0.05, to 
enter in the model. The likelihood-ratio test was used for deter- 
mining variables to be removed from the model, with a cut-off 
value of 0.1. In this analysis the negative of the KIT T values were 
used to evidence a direct relation with the insulin resistance level. 
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Fig. 1. K~TT index of insulin sensitivity (% per min) in patients 
with (closed circles) a,ld without IHD (open circles). The hori- 
zontal bars indicate mean values 
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Fig. 2. Decrease (in %) of basal glycaemic levels after insulin in- 
jection in patients with (shaded bars) and without IHD (open 
bars). Mean _+ SEM are shown 

Multiple linear regression analysis was used to relate the clinical 
and metabolic parameters to the age of the clinical onset of IHD. 

A p value less than 0.05 was considered as statistically signi- 
ficant. Data were analysed using SPSS/PC + statistical package. 
The results are expressed as mean+SEM unless otherwise 
stated. 

Results 

Patients with and without  1HD could be matched for 
age (within 6 years) and for known durat ion of diabetes 
(within 5 years, with four exceptions) (Table 1). More- 
over, the two groups showed similar BMI, body compo- 
sition, alcohol intake, type of hypoglycaemic therapy, 
glycaemic control and plasma potassium levels, where- 
as more patients with I H D  were taking antihyperten- 
sive drugs (p < 0.001), in particular beta blockers or 
thiazide diuretics or both  (Table 1). Glycaemia was in 
the steady state during the 30 min before ITT and simi- 
lar values were observed between the two groups ( - 
30 min: 9.7 + 0.5 and 9.8 + 0.4 mmol/1; - 15 rain: 
9.5 + 0.5 and 9.8 + 0.4 mmol/1; - 1 min: 9.6 + 0.5 and 
9.8 + 0.4 mmol/1, subjects with and without  IHD, re- 
spectively). No patient  had to interrupt the ITT due to 
hypoglycaemic symptoms. 
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Table 2. IHD risk factors levels in NIDDM patients with 
(IHD + ) and without (IHD - ) IHD 

IHD + IHD - p value 

Kirr index 2.45 + 0.18 3.12 + 0.13 0.0036 
(% per min) 

Total cholesterol 6.09 + 0.2 5.39 + 0.16 0.011 
(mmol/1) 

LDL cholesterol 3.86 + 0.18 3.32 + 0.13 0.010 
(mmol/l) 

HDL cholesterol 1.29 _+ 0.05 1.29 + 0.05 NS 
(mmol/1) 

Triglycerides 2.05 + 0.18 1.63 _+ 0.16 0.09 
(mmol/1) 

Insulin (pmol/1) 79.6 + 10.8 71 + 12.2 NS 

C-peptide (nmol/1) 0.97 + 0.07 0.85 + 0.05 NS 

Waist to hip ratio 0.98 + 0.01 0.97 + 0.01 NS 

Smokers (n, %) 29 (81) 25 (69) NS 
> 20 cigarettes 

per day 16 (44) 12 (33) NS 

Systolic blood 
pressure (mmHg) 156 + 3 15l + 4 NS 

Diastolic blood 
pressure (mm Hg) 91 + 2 91 + 1 NS 

Prevalence of 
hypertension n (%) 30 (83) 16 (44) 0.001 

Prevalence of micro- 
albuminuria n (%) 13 (36) 7 (19) 0.11 

With respect to subjects without  IHD,  patients with 
IHD showed a lower K~rr index of insulin sensitivity 
(2.45 + 0.18 vs 3.12 + 0.13 % per min, p < 0.004) (Fig. 1, 
Table 2) and a lower percent  glycaemic decrement  
after insulin infusion as compared with basal values, 
with a statistical significance starting from as early as 
9 min and increasing until 30min  (p <0.05-0.001) 
(Fig. 2). Total (p = 0.011) and L D L  (p = 0.010) serum 
cholesterol levels, the latter calculated with the Fried- 
wald formula (in all but one patient  due to triglyceride 
plasma levels greater than 45.2 mmol/1), were also 
higher in the I H D  group. No significant differences 
were found for insulin, C-peptide, triglycerides 
(p = 0.09), H D L  cholesterol and creatinine serum con- 
centrations, and waist to hip ratio (Table 2). Systolic 
and diastolic blood pressure were not different be- 
tween the two groups (Table 2). However, the preva- 
lence of hypertension was higher in patients with I H D  
compared to patients without I H D  (p=0.001)  
(Table 2), since more patients with IHD were under- 
going antihypertensive therapy (p < 0.001) (Table 1). 

Al though the prevalence of microalbuminuria was 
two-fold higher in the group with IHD (36 % vs 19 %), 
the difference was not statistically significant due to the 
small number  of microalbuminuric patients in both 
groups (p = 0.11) (Table 2). Smoking habits were simi- 
lar in the two groups (Table 2). 
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Table 3. Step-wise logistic regression analysis showing the fea- 
tures independently related with the presence of IHD 

Odds ratio 95 % CI p value 

Hypertension 8.17 6.86-9.48 0.002 
Insulin resistance 2.57 1.87-3.28 0.008 
Total cholesterol 1 .02  1.005-1.035 0.015 
Body mass index 0.79 0.67-0.97 0.049 
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levels. A significant association between KIT T index 
and the age of clinical onset of IHD remained after 
adjustment for all the above-mentioned variables 
(p < 0.015). The self-reported body weight was similar 
at onset of IHD and at entry to the study (80 + 2 vs 
79 + 2 kg, respectively, p = NS by two-tailed t-test for 
paired data). 

Step-wise logistic regression analysis was performed 
to assess if the lower insulin sensitivity characterizing 
the patients with IHD was a feature independent from 
other possible confounding factors. The following in- 
dependent variables, as possible risk factors or markers 
of IHD, were included in the model: age, duration of 
diabetes, HbAlc, BMI, waist to hip ratio, total and 
HDL cholesterol, triglycerides, K~Tr index of insulin 
sensitivity, insulin, C-peptide and creatinine as continu- 
ous variables; hypertension, microalbuminuria, smok- 
ing habits, alcohol consumption, type of hypotensive 
and hypoglycaemic therapy as discrete variables. Only 
insulin resistance, represented by the KITr index, 
(p =0.008), hypertension (p =0.002), higher total 
serum cholesterol levels (p = 0.015) and a lower BMI 
(p = 0.049) were independently associated with IHD 
(Table 3). When the type of hypotensive therapy was 
forced in the model, only insulin resistance, hyperten- 
sion and total cholesterol remained independently re- 
lated to IHD (p < 0.02), BMI achieving only a border- 
line significance (p = 0.058). When all variables were 
entered simultaneously, only insulin resistance 
(p =0.023) and hypertension (p =0.034) remained 
independently related to IHD, total cholesterol and 
BMI revealing borderline significance (p = 0.09 and 
p = 0.11, respectively). 

To directly evaluate the possible influence of 
beta blockers and/or thiazide diuretics on insulin sensi- 
tivity, patients taking these drugs were excluded from 
both groups. KITT index remained significantly lower in 
IHD patients and showed values similar to those of 
each group as a whole (2.54 + 0.23 vs 3.10 + 0.14 % per 
min, patients with and without IHD, respectively, 
p = 0.033). 

Finally, we used the multiple linear regression ana- 
lysis to explore the possibility of any relationship be- 
tween certain metabolic features and the age of the 
clinical onset of IHD (54 + 2 years). From the analysis 
three patients diagnosed only by ECG at rest were ex- 
cluded, whose age at IHD onset could not be deter- 
mined by subjective symptoms. Blood pressure was 
also excluded from the independent variables, since al- 
most all the remaining patients were on antihyperten- 
sive therapy (27 of 33 patients, 82 % ). After adjustment 
for age and duration of diabetes, KITT index was the 
only metabolic feature related to the age of clinical 
onset of IHD (p = 0.006). No significant relationship 
was found with BMI, waist to hip ratio, total and HDL 
cholesterol, triglycerides, C-peptide and serum insulin 

Discussion 

Our study demonstrates, for the first time, employing a 
direct measurement of insulin sensitivity, that NIDDM 
patients with IHD are more insulin resistant than 
NIDDM patients without IHD. The different insulin 
sensitivity cannot be accounted for by age, duration of 
diabetes, BMI or composition, glycaemic control, 
serum potassium, alcohol intake or hypoglycaemic 
therapy, because these features were similar in the two 
groups. Body composition was evaluated by means of 
an indirect method; however, lean body mass, calcu- 
lated using Hume's formula, shows a highly significant 
correlation with that derived from measurement of 
total body water, especially in men [24]. Moreover, 
even if our indirect evaluation of body fat should not 
correspond exactly to the real value, we do not believe 
that it could differ so much as to shift the actualp value 
into the statistical significance range. The amount of 
physical activity was not precisely quantified and, 
therefore, a difference between the two groups could 
not be excluded; however, several points suggest that 
this is unlikely; in fact, no subject in either group had a 
job involving heavy physical duties, nor did they exer- 
cise regularly. Furthermore, the study was performed 
at least 6 months after the onset of myocardial infarc- 
tion or angioplastic or by-pass surgery when all IHD 
patients had returned to their usual activities, with no 
patient suffering from unstable angina or stable angina 
at low threshold. Finally, three clinical features signifi- 
cantly related to the level of physical activity, i. e. HDL 
cholesterol, waist to hip ratio and percent of body fat 
[34, 35], were similar in the two groups. The only dif- 
ference was the higher prevalence of hypotensive ther- 
apy in patients with IHD. However, both the multivari- 
ate analysis and the direct exclusion of subjects taking 
beta blockers and/or thiazide diuretics confirm the dif- 
ferent response to insulin by the two groups. 

Since the criteria for the identification of IHD were 
more restrictive than those used to exclude the disease, 
some misclassification of subjects without IHD could 
have occurred. However, the failed identification of 
IHD in some control subjects would result in an under- 
estimation of both the difference noticed between the 
two groups and the odds ratio of the logistic regression 
analysis. This could explain, for instance, the low odds 
ratio of total cholesterol. However, it should be kept in 
mind that several studies in NIDDM did not show an in- 
depedent association between cholesterol and IHD at 
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the multivariate analysis [36]. Finally, our study agrees 
with recent reports showing a greater insulin resistance 
in non-diabetic patients with peripheral asymptomatic 
atherosclerosis [37], ischaemic ECG changes [38], an- 
giographic diagnosis of IHD [39], microvascular angina 
[40] compared to normal subjects, as well as in insulin- 
dependent diabetic patients who died of cardiovascular 
diseases compared to those who survived [41]. 

To evaluate insulin sensitivity we used the ITT, with 
the modification suggested by Bonora et al. [20]. Even 
if this test is not the "gold standard" method to measure 
insulin sensitivity, the rate of glycaemic decrement 
after i. v. insulin injection shows a high correlation with 
the insulin-mediated glucose disposal measured dur- 
ing a euglycaemic-hyperinsulinaemic clamp [19-21]. 
Moreover, the test was reproducible both by our group 
and others [20, 21, 42]. Therefore, we believe that it 
could be useful for epidemiologicaI studies and for a 
routine measurement of insulin sensitivity. 

The step-wise multiple logistic regression analysis 
shows an independent relationship between insulin re- 
sistance and IHD. Moreover, analysing the age of the 
clinical onset of IHD and the actual levels of some me- 
tabolic features we found a positive, independent rela- 
tionship between KITr and the age of onset of IHD. Al- 
though these data suggest an independent association 
between insulin resistance and IHD, this possibility 
should be considered with caution. In fact, other IHD 
risk factors, possibly explaining the association be- 
tween insulin resistance and IHD, i.e. clotting factors 
[43], were not evaluated. Furthermore, the good gly- 
caemic control showed by our patients could have par- 
tially corrected other metabolic alterations usually as- 
sociated in the insulin resistance syndrome, i. e. trigly- 
cerides and HDL-cholesterol [44, 45]. Finally, and most 
important, the cross-sectional design of our study does 
not enable us to establish a time-relationship between 
insulin resistance and both IHD and other cardiovascu- 
lar risk factors or markers. For instance, in the pre- 
diabetic state, insulin resistance is balanced by higher 
serum insulin levels, that progressively decline with the 
development of the diabetic disease [46]. Therefore, 
before the onset of NIDDM, IHD patients could have 
been exposed to higher insulin levels than subjects 
without IHD, thus favouring the subsequent develop- 
ment of IHD [47]. However, since the link between 
hyperinsulinaemia and insulin resistance is broken at 
the appearance of NIDDM, only the degree of insulin 
resistance could be an index of the past hyperinsulin- 
aemia and a marker of the presence of IHD and, pos- 
sibly, of a greater probability of its onset. Nevertheless, 
our results are the first direct evidence of the possible 
extension of the role of insulin resistance not only as a 
factor promoting the development of N I D D M  [46] but 
also as a marker of its more important complication, 
the macrovascular disease, and in particular IHD. 

Patients with N I D D M  show a 2-4 fold increase in 
the prevalence of IHD compared to non-diabetic sub- 
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jects [48, 49] and this difference is not completely ac- 
counted for by the alteration of the conventional car- 
diovascular risk factors [48, 50]. A common metabolic 
defect in N I D D M  is the presence of insulin resistance 
[17], which seems to be the primum movens of the natu- 
ral course of the disease [46]. Bearing this in mind, our 
results suggest a contribution by insulin resistance to 
explain, at least in part, both the gap between the ob- 
served and the expected cardiovascular events on the 
basis of the conventional atherogenic risk factors, and 
the higher incidence of cardiovascular disease in 
N I D D M  patients compared to non-diabetic subjects. 

In conclusion, in NIDDM, patients with IHD are 
more insulin resistant than patients without IHD and 
this difference seems independent from other cardio- 
vascular risk factors. However, prospective studies, in- 
volving a population with a high risk of developing 
NIDDM, need to confirm our results and to define the 
time-relationship and the effect of insulin resistance on 
other cardiovascular risk factors and on cardiovascular 
disease. 
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