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The Relation Between Insulin Resistance Determined by Haemostatic Modelling
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Abstract

Introduction: In this study, we sought to determine whether insulin resistance, which is
investigated by homeostatic modelling, is related to slow coronary flow (SCF). Materials and
Methods: A total of 24 patients with SCF (4 females/20 males, mean age 47 + 12 years) and 32
patients with normal coronary artery (10 females/22 males, mean age 52 + 12 years) were
included inthe study. Baseline glucose, insulinand plasmalipid levels were measured. A standard
oral glucose tolerance test (OGTT) was performed and post-challenge insulin levels were also
measured. The index of insulin resistance was calculated with the homeostatic modelling
[homeostatic model assessment for insulin resistance index (HOMA-IR)]. Results: Therewere no
differences between the 2 groups with regard to age, lipid levels, blood pressure levels, history
of smoking, fasting and post-challenge plasma glucose. Baseline insulin levels were augmented
in the SCF group (9.64 £ 5.93 vs 7.04 £ 3.26, P = 0.041). HOMA-IR levels were not different
between the study groups (2.20 + 1.44 vs 1.69 + 0.86, P = 0.129). Manifest insulin resistance was
significantly higher in the CSF group as compared with the control group (25% vs 3%, P=0.01).

Conclusion: Manifest insulin resistance is seen more frequently in patients with SCF.
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Introduction

Slow coronary flow (SCF) is a well recognised clinical
entity, characterised by delayed opacification of coronary
arteries in the presence of normal coronary angiogram.!
Many aetiological factors, such as microvascular and
endothelial dysfunction, have been implicated.?® Insulin
resistance is related to the vasomotor dysfunction of the
endothelial cells. On the other hand, insulin resistance
playsanimportantrole in promoting coronary artery disease
(CAD)andthe degree of insulinresistance iswell correlated
with the severity of CAD.*® The homeostatic model
assessment insulin resistance (HOMA-IR) index is a
simplified computer-based method used to estimate insulin
resistance. %> However, the relationship between SCF and
insulin resistance has not yet been established.

The aim of this study was to investigate the relationship

between SCF and insulin resistance using homeostatic
modelling.

Materials and Methods
Study Population

Actotal of 24 patients with SCF (4 females/20 males mean
age 47 £ 12 years) and 32 patients with normal coronary
artery (10 females/22 males, mean age 52 + 12 years) were
included in the study. The baseline glucose, insulin levels
and lipid profiles were prospectively evaluated. All pa-
tients underwent standard oral glucose tolerance test
(OGTT) after which their post-challenge insulin levels
were measured. The study and control patients were re-
cruited from 5940 consecutive patients who underwent
first diagnostic coronary angiography for evaluation of
angina in our centre between December 2004 and May
2005. The exclusion criteria were diabetes mellitus, which
was diagnosed according to the American Diabetes Asso-
ciation,®® patients with fasting plasma glucose over 110 mg/
dL, acute heart failure, comorbid illnesses, hepatic dys-
function, serum creatinine >1.4 mg/dL, or receiving hor-
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mone replacement therapy, antidiabetic agents or steroid
therapy. The study was approved by the local ethics com-
mittee of our hospital and all patients gave written in-
formed consent.

Anthropometric Measurements

Weight, heightand body massindex (BMI) were measured
under standardised conditions.

Exercise Testing

The control group underwent an exercise stress test to
eliminate microvascular dysfunctionaccording to American
College of Cardiology (ACC)/ American Heart Association
(AHA) practice guidelines** using a Bruce protocol.”® The
test was considered positive for ischaemia when there was
more than1 mm of down-sloping or horizontal ST depression
at 60 to 80 ms after the J point. Patients with positive results
were excluded from the study.

TIMI Frame Count and Definition of SCF

Coronary arteriography was performed by a femoral
approach using the Judkins catheter and iopromide
(Ultravist-370, Schering AG, Berlin, Germany) as contrast
agent. For the quantitative measurement of coronary blood
flow, the time elapsed from the appearance of the contrast
agent until it reached the distal end of either left anterior
descending artery (LAD), circumflex artery (Cx) or the
right coronary artery (RCA) in terms of cine-frame count
was considered to be the thrombolysis in myocardial
infarction (TIMI) frame count. Distal end was defined as

Table 1. Patients’ Demographic Data
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distal bifurcation for the LAD and the Cx and first branch
of posterolateral artery for RCA. The final count was then
subtracted from the initial count and the exact TIMI frame
count was calculated for the given artery. However, it was
divided by 1.7 when the LAD artery was the case for
adjusted correction. The cut-off values were defined
according to TIMI frame count method by Gibson et al (36
+ 2.6forLAD, 22.2+4.1for Cx,and 20.4 +3.0 forRCA).¢

Fasting and Post-challenge Blood Samples

Blood samples were collected from the patients after a
12-hour overnight fasting. All routine biochemical tests
were carried out on a Roche Diagnostic Modular Systems
autoanalyser. A 75-g glucose load was administered orally
to the patients according to World Health Organization
(WHO) criteria.” Venous blood samples were drawn 10
min before and 120 min after glucose load for analysing
glucose and insulin levels. Plasma glucose concentrations
were determined by an enzymatic glucose oxidase method
(Roche product, Ontario, Canada). Levels of insulin were
measured by chemiluminometric immunoassay (DPC-
Immunite 2000, cat. No. 152).

Insulin Resistance and Homeostatic Modelling

Insulin resistance was determined from fasting plasma
glucose and insulin concentrations, using homeostasis
model assessment, by the formula [resistance = insulin/
(22:5_e-In glucose)] as previously described.*>® Insulin
resistance was accepted as >2.24 + 1.26, as previously
described for healthy subjects.’® Manifest insulin resistance
was defined as HOMA-IR >3.5.%°

Variable SCF group Control group P
Age (y) 47 + 12 52+ 12 0.078
Sex (Female/Male) 4/20 10/22 0.212
Family history of coronary 12 (50) 5 (31.3) 0.240
artery disease [n (%)]

Hypertension [n, (%)] 12 (50) 16 (50) 0.999
Systolic blood pressure (mmHg) 121.04 + 23.50 122.50 + 29.38 0.869
Diastolic blood pressure (mmHg) 74.69 + 15.43 75.96 + 13.90 0.793
Smoker [n (%)] 18 (75) 17 (53.1) 0.737
Waist circumference (cm) 98.04 + 11.67 94.79 £ 5.74 0.223
Body mass index (kg/m?) 27.68 +4.01 26.12 +2.74 0.121
Total cholesterol (mg/dL) 180.08 + 42.29 189.59 + 32.04 0.373
Triglyceride (mg/dL) 118.33 + 90.78 110.11 + 4451 0.690
High-density lipoprotein (mg/dL) 50.75 + 12.17 48.97 + 15.91 0.654
Low-density lipoprotein (mg/dL) 104.94 + 38.29 118.59 + 31.07 0.172
Apolipoprotein-A (mg/dL) 146.94 + 17.06 155.22 + 34.04 0.303
Apolipoprotein-B (mg/dL) 91.08 + 23.51 102.52 + 19.42 0.106
Mean TIMI frame count 45.20 + 21.26 1454 £ 7.79 <0.001

SCF: slow coronary flow; TIMI: thrombolysis in myocardial infarction
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Table 2. Glucometabolic Parameters and Insulin Resistance Data

Variable SCF group Control group P
Fasting plasma glucose (mg/dL) 91.46 +9.83 9441 + 1491 0.378
Fasting insulin (U/L) 9.64 +5.93 7.04 +3.26 0.041
Post-challenge glucose (mg/dL) 105.13 + 39.01 112.00 + 30.72 0.480
Post-challenge insulin (U/L) 39.15 + 28.97 40.64 + 32.38 0.903
HOMA-IR 220 £ 1.44 1.69 + 0.86 0.129
The number of patients with insulin resistance [n (%)] 1(3) 0.01

HOMA-IR: homeostatic model assessment for insulin resistance; SCF: slow coronary flow

Statistical Analysis

Data were expressed as mean £ SD or geometric mean
(95% confidence interval). SCF and control groups were
analysed using unpaired t-tests for parametric data. Cat-
egorical data were analysed using X2 or Fisher’sexact test.
The association between insulin resistance and all other
parameters were first analysed by univariate analysis.
Multivariate analysis to evaluate associations of SCF was
performed using multivariate stepwise logistic regression
test. All calculationswere performed using the Statistical
Package for the Social Sciences programme (SPSS 10.00,
Chicago, IL). A P value <0.05 was considered statistically
significant.

Results

Age, sex, history of smoking, BMI, blood pressure, total
cholesterol, low-density lipoprotein, high-density lipo-
protein, triglyceride and fasting plasmaglucose were similar
in both groups (Table 1). Although there was no statistical
difference between fasting plasma glucose levels and
postprandial glucose levels between patients with SCF and
controls (91.5+9.8,105.1 £ 39 mg/dL vs 94.4 £ 14.9, 112
+ 30.7 mg/dL, P = 0.378, P = 0.48, respectively), fasting
insulin levels were significantly higher in patients with
SCF as compared to controls (9.64 = 5.9 vs 7.04 + 3.26
U/L, P = 0.041). The number of patients who had insulin
resistance was significantly higher in the SCF patient
group [6 (25%) vs 1 (3%), P = 0.01]. Study variables of
glucometabolic conditionand insulin resistance were shown
in Table 2. When the cut-off point of HOMA-IR was taken
as 2.24, the rate of insulin resistance between the study
groups was 31% vs 38 % (P = 0.4), while it was 3% vs 25%
with a cut-off point over 3.5, which indicates overt insulin
resistance (P = 0.01) (Fig. 1).

In univariate analysis, insulin resistance correlated with
triglyceride levels (r = 0.42, P = 0.002), corrected LAD
TIMI frame count (r = 0.34, P =0.01) and Cx TIMI frame
count (r =0.29, P = 0.003). In multivariate analysis, only
the corrected LAD frame was related to insulin resistance
(odds ratio, 1.054; 95% ClI, 1.008 to 1.102; P = 0.02).
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Fig. 1. Distribution of insulin resistance according to HOMA-IR cut-off point
inall study groups. Insulin resistance was accepted as >2.24. Manifest insulin
resistance was defined as HOMA-IR >3.5.

Discussion

Insulin resistance plays an important role in promoting
CAD®" and the degree of insulin resistance correlates with
the severity of CAD.2°Insulin resistance has been considered
to promote arteriosclerosis by directly effecting blood
vessels. The relationship between insulin resistance and
arteriosclerosis has been studied from various aspects.
There are different theories as to how insulin resistance
affects CAD.?2

Insulin resistance is related to the vasomotor dysfunction
of the endothelial cells that line the coronary artery.z2* It is
well known that endothelial function is impaired in patients
with SCF.2% In our study, we evaluated the effect of
impaired glucose metabolism and insulin resistance that
may play some role in the physiopathology of SCF. We
found increased fasting insulin levels in patients with CSF
and the number of patients with overt insulin resistance to
be significantly higher in SCF group (P = 0.03). Increased
insulin resistance may play at least some role in patients
with CSF.

Insulinresistance isinvolved notonly indiabetes mellitus,
but also in other pathological states such as obesity and
hypertension.??" In a recently published report, Binak and
colleagues?® found a positive correlation between post-
prandial glycaemia and SCF but they did not mention BMI
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and the frequency of obesity in their study population. In
our study, where obesity and BMI were not different in the
SCF and control group, postprandial glycaemia was not
related to SCF. In another study, Yazici et al® investigated
the relationship between the degree of SCF and serum
insulin, glucose and lipid levels. As a result, they found no
correlations between corrected TIMI frame count and
serum insulin, glucose and lipid levels. However, they
measured only basal serum insulin, not insulin resistance,
without homeostatic models.

On the other hand, evaluating insulin resistance by
homeostatic modelling is more reliable than the standard
method because both fasting glucose and insulin levels are
integrated.®*2In our study, we used 3.5 asareference value
for overt insulin resistance as described by Gokcel and his
colleagues.t® The number of patients with overt insulin
resistance was higher in the SCF group compared to
controls. Furthermore, insulin resistance was found to be
an independent predictor of corrected LAD frame count in
multivariate analysis. Insulin resistance may play some
role in the development of increased microvascular
resistance in patients with SCF. Further studies with larger
study populations are needed to clarify this issue.

In conclusion, fasting and postprandial glucose levels
were notrelated to SCF in patients without diabetes mellitus.
Fasting insulin levels and overt insulin resistance were
increased in patients with SCF.

Study Limitations: The overall sample size of this study is small. Especially
the effects of smoking and lipid parameters on insulin resistance and SCF
should be evaluated in larger samples. Further studies with larger samples
are required to validate our findings.
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