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ABSTRACT

Background: Diabetes mellitus is a well-established risk factor for the development of coronary artery disease
(CAD), which is the major cause of premature death in diabetic patients, both in type 1 or type 2 diabetes.
Objective: To examine the relationship between insulin resistance determined by fasting insulin level and
complexity of coronary artery lesion in diabetic patients.

Patient and methods: This study enrolled 84 diabetic patients who were presented to the catheter Lab for elective
coronary angiography in the period from October 2019 to April 2020. All patients were subjected to full history
taking, thorough clinical examination, laboratory investigations (fasting insulin level, HbAlc level, lipid profile and
serum creatinine), 12-lead surface ECG, echocardiography examination and coronary angiography. The complexity
of the coronary artery lesions was evaluated using Gensini score. Statistical tests were used to analyze the association
between the measured fasting insulin levels and Gensini score.

Results: there was a statistically highly significant positive linear correlation between insulin level and Gensini score
(P<0.05). The accuracy of for insulin level as a predictor for coronary artery disease equals 96,6% by 96.7%
sensitivity and 75% specificity at cut off predictive value <25.8 mIU/L.

Conclusion: Fasting insulin level is a simple test for insulin resistance and significantly correlated with severe CAD
so it may have a value as a predictor of severity of CAD and risk stratification of diabetic patients.
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INTRODUCTION

Coronary artery disease is the major cause of 1975 by Goffedo G. Gensini. The Gensini score has
death worldwide, and more than 60% of the global been developed to characterize the complexity of
burden of disease occurs in developing countries. coronary artery disease taking into consideration three
GBD 2010 study showed that death from coronary main parameters for each coronary lesion: severity
artery disease increased by 87.8% between 1990 and score, region multiplying factor and collateral
2010, and a further rise by 50% is expected by 2030 adjustment factor ®. Therefore aim of this work was
@, The prevalence of coronary artery disease in to examine the relationship between insulin resistance
diabetes is not only high, but also characterized by determined by fasting insulin level and complexity of
increasing the severity and when the diabetic patients coronary artery lesion in diabetic patients.
have the coronary artery disease, typically they have
more severe disease, with a greater number of arteries PATIENTS AND METHODS
involved @, Diabetes is a fast-growing health problem A total number of eighty four diabetic patients
in Egypt with a significant impact on morbidity, diagnosed according to the American Diabetes
mortality, and health care resources. Currently, the Association (ADA) were referred to elective coronary
prevalence of type 2 diabetes (T2D) in Egypt is around angiography at Dar El-Shefaa Hospital within the time
15.6% of all adults aged 20 to 79 ©. period from October 2019 to April 2020, and patients

Insulin resistance (IR)is a pathological with sepsis, pregnancy, acute or chronic renal failure,
condition in which cells fail to respond normally to active bleeding, severe anemia, decompensated heart
insulin. IR known to be a pathogenic cause that can failure were excluded from the study.
predict the occurrence of coronary artery disease ©. All patients were subjected to history
The evolution of insulin resistance is unique in type 2 taking, full clinical examination, venous samples were
diabetes mellitus because it precedes the onset of withdrawn for fasting insulin level, glycated
diabetes and remains fairly constant throughout the hemoglobin, serum creatinine and lipid profile.
disease process from the time of diagnosis and even Electrocardiogram was done, and coronary
after the conventional treatment for type 2 diabetes angiography was recorded, and Gensini scores were
mellitus 9, calculated then patients were divided into four groups

Gensini score is a widely used angiographic according to Gensini: Group (1): Normal coronary
scoring system for quantifying the severity of arteries (0 score), Group (2): Mild CAD (0-15

coronary artery disease, and was first described in
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scores), Group (3): Moderate CAD (16-30 scores)
and Group (4): Severe CAD (31 -72 scores).

Ethical consent:

An approval of the study was obtained from
Menoufia University Academic and Ethical
Committee. Every patient signed an informed
written consent for acceptance of sharing in the
study. This work has been carried out in
accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
studies involving humans.

Statistical Analysis

Data were collected, tabulated and statistically
analyzed using an IBM compatible personal computer
with Statistical Package for the Social Sciences
(SPSS) version 23. Results were quoted as two-tailed
probabilities. Significance of the obtained results was
judged at the 5% level (P < 0.05).

RESULTS

The mean age of the study group was 58.76
+9.22 years, 34 patients (42.5%) were females, all
patients were suffering from diabetes mellitus (all type
I1) and mean duration was (10.19+4.9), 56 (70%) had
arterial hypertension, 45 (56.2%) were suffering from
dyslipidemia, 28 (35%) patients had family history of
coronary artery diseases and 26 (32.5%) patients were
smokers.

The mean left ventricular end diastolic
diameter (LVEDD) was (54.11+4.1) mm, mean end
systolic diameter (LVESD) was (35.14+4.2) mm and
mean ejection fraction (EF) was (62.3+6.6%).

Mean insulin level in patients as regard their
clinical presentation is shown in table (1).

Table (1): Insulin level in the studied groups as
regard their clinical presentation

STEMI |NSTEM | Unstable | Stable
angina | angina
N=2 | N=16 | N=12 | N=54
Insulin
level  |28.8+3.9| 22.1+4.9 | 19.4+35 |19.1+4.7
(MIUL)

Data are presented as mean+SD

Regarding hypertension, hypertensive patients
had a highly significant insulin level than non-
hypertensive. Moreover, patients with dyslipidemia
had a significant insulin level than patients with normal
lipid profile. In contrary insulin level in patients with
family history of coronary artery diseases or smokers
showed non-significant relation, as shown in table (2).

Table (2): Comparison between insulin level in the
studied patients according to their risk factors

Risk factors . T?sft of P-value
significance
Hypertension 5.801 <0.001**
Dyslipidemia 2.148 0.032
Family history 0.429 0.668
Smoking 0.503 0.615

**: Highly significant difference

In the current study, there was no statistically
significant difference between the studied groups as
regard age and sex.

As regard risk factors; hypertension was more
prevalent in patients with coronary artery disease than
those with normal coronary. But there was no
statistically significant difference between the studied
groups as regard smoking, dyslipidemia and family
history as shown in table (3).

Table (3): Comparison between the studied groups as regard demographic data and risk factors

Group 1 Group 2 Group 3 Group 4 P-value

21 | 25% @ 23 | 27.40% | 23 | 27.40% | 17 | 20.20% u
Age (years)

56.75+8.1 58.5+11.31 59.64+9.57 60.44+6.91
Mean + SD 38-72 42-79 35-76 45-73 0646
Range
Gender

13 | 65 9 40.9 6 27.3 6 375
K/f;‘:'e 8 | 35 | 14 | 591 | 17 | 727 | 11 | 625 0.103
Hypertension 3 15 | 19 86.4 19 86.4 15 93.8 | <0.001**
Dyslipidemia 10 | 50 9 40.9 15 68.2 11 68.8 0.194
Family history 7 35 6 27.3 10 45.5 5 31.3 0.631
Smoking 5 25 6 27.3 11 50 4 25 0.234

**: Highly significant difference

Also, by comparing conventional echocardiographic parameters in the studied groups, we found that LVESD
was significantly larger in patients with severe coronary artery disease compared to other groups. But no significant
difference was found between the studied groups as regard LVEDD. Moreover EF% was significantly lower in
patients with severe coronary artery disease than other groups as shown in table (4).
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Table (4): Comparison between the conventional echocardiographic parameters in the studied groups

Group 1 Group 2 Group 3 Group 4
21 | 25% | 23 | 27.40% | 23 | 27.40% | 17 | 20.20% P-value

LEVDD 53.85+3.99 53.82+3.89 53.91+4.33 55.13+4.41 0.754
34.1+4.23 34.68+3.41 33.91+3.24

LVESD 29-45 29-42 30-44 38.75+4.59 <0.001%*

P1:0.625 P2:0.873 P3:0.001 P4:0.507 P5:0.002 P6:<0.001
EF o 64.95¢#51 | 63.8646.13 |  63.91+432 | 54.5+5.76 <0.001%
0 P1:0.513 P2:0.531 P3:<0.001P4:0.978 P5:<0.001 P6:<0.001 '

Data are presented as mean+SD and range
**: Highly significant difference

P1: between group land group 2 P2: between groupl and group 3  P3: between groupl and group4

P4: between group2 and group3 P5: between group2 and group4

Regarding insulin level, it was significantly
higher in patients with CAD than those with normal
coronaries, moreover it was significantly higher in
patients with severe CAD than those with mild and
moderate CAD, and in patients with moderate CAD
than those with mild CAD.

Similarly, HbA1c was significantly higher in
patients with CAD than those with normal coronaries,
moreover it was significantly higher in patients with
severe CAD than those with mild and significantly
higher in patients with moderate CAD than those with

P6: between group 3 and group4

mild CAD. As regard total cholesterol and they were
significantly higher in patients with moderate and
severe CAD than those with normal coronaries. In the
contrary HDL level was significantly lower in patients
with CAD than those with normal coronaries,
moreover it was significantly lower in patients with
severe CAD than those with mild and moderate CAD,
and in patients with moderate CAD than those with
mild CAD. Lastly regarding LDL level, it was
significantly higher in patients with CAD than those
with normal coronaries, as shown in table (5).

Table (5): Comparison between the laboratory data in the studied groups

Group 1 Group 2 Group 3 Group 4
21 | 25% | 23 | 27.40% | 23 | 27.40% | 17 | 20.20% P-value
Insulin Level =~ 9.97+2.45 16.81+2.92 21.96+4.55 34.09+5.01 »
(mIU/L) P1:<0.001 P2:<0.001 P3:<0.00 P4:0.001 P5:<0.001 P6:<0.001 <0.001
HbALC 6.66:054 |  7.25:065 | 7.99+0.84 | 8.2+0.73 0,001
P1:0.008 P2:<0.001 P3:<0.001 P4:0.001 P5:<0.001 P6:0.342
T 18114245 |  1934#331 |  208.6£344 |  214.24377 0.01*
P1:0.223 P2:0.008 P3:0.003 P4:0.125 P5:0.056 P6:0.605 '
16 (ngimL) | 128:6£292 | 137.1#291 | 1496+281 |  151.8+26.2 0,041
P1:0.334 P2:0.018 P3:0.017 P4:0.144 P5:0.118 P6:0.821
HDL 478457 |  53.3x109 | 56.6+135 |  60.1#13.9 0,011+
(mg/dL) P1:0.12 P2:0.013 P3:0.002 P4:0.33 P5:0.072 P6:0.357 ‘
LDL 12174249 | 138.8£304 | 1407¢301 |  147.7£20.2 0.031%
(mg/dL) P1:0.045 P2:0.026 P3:0.006 P4:0.821P5:0.324 P6:0.436 ‘

Data are presented as mean+SD

*: Significant difference

**: Highly significant difference

P1: between group land group 2 P2: between groupl and group 3  P3: between groupl and group4

P4: between group2 and group3 P5: between group2 and group4

P6: between group 3 and group4
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Table (6) there was a statistically highly
significant positive linear correlation between insulin
level and Gensini Score. On the contrary there was a
statistically  highly  significant negative linear
correlation between insulin level and EF%. But no
significant correlation was found between fasting
insulin level and duration of diabetes.

Table (6): Correlation between insulin level and
other parameters in the studied patients

Insulin level
I'rho P-value
Duration of
DM (years) -0.075 0.509
EF% -0.405 <0.001**
Gensini score 0.837 <0.001**

**: Highly significant difference

Table (7) revealed the results derived from the
ROC curve showed that the accuracy of insulin level as
a predictor for coronary artery disease 96.6% by 96.7%
sensitivity and 75% specificity, at a cut off predictive
value >25.8.

Table (7): ROC curve for insulin level as a predictor
for coronary artery disease in the studied patients

Cut off point >25.8

Accuracy 96.60%
P-value <0.001™
Sensitivity 96.70%
Specificity 75.00%
95% CI 0.929-1

**: Highly significant

DISCUSSION

Our study found that there was a statistically
highly significant positive linear correlation between
insulin level and severity of coronary artery disease as
assessed by Gensini score in type 2 diabetic patients.
This agreed with Mahabala et al. © who revealed
strong correlation between insulin resistance and
severity of coronary stenosis assessed by Gensini score
and their results depended upon accelerated
atherosclerosis as a major burden of diabetes and the
risk of advanced atherosclerosis was fivefold higher in
type 2 diabetic subjects than in nondiabetic individuals.
Also, Hamza et al. @ found that in diabetic NSTEMI
patients, coronary artery disease was more severe and
located in distality with a bad downstream quality,
coronary lesions were more extensive, with higher rate
of tritroncular lesions. Lesions were significantly
longer, the link between the pathogeneses of diabetes
and atherosclerosis is explained by insulin resistance
phenomenon, which causes dyslipidemia and
hyperglycemia, leading to reduced nitric oxide
synthesis in artery walls @9,

Similarly, Uppunda et al. ®V showed that an
increase in insulin resistance increases the risk of
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severity of CAD in patients with metabolic syndrome,
SYNTAX score was used to measure severity of CAD.
In harmony to our results Tsuchihashi et al. 2, found
that hyperinsulinemia is a risk for CAD because
diabetes mellitus, hypertension, and hyperlipidemia are
known to aggregate and to have synergistic effects on
the occurrence and the progression of CAD. Insulin
resistance is known to have a link to hypertension,
hypertriglyceridemia, and decreased high density
lipoprotein cholesterol, and is considered to play a key
role in multi-risk factor syndromes like metabolic
syndrome, insulin resistance syndrome.

In concordance with Granér et al. ), who
showed that patients with more severe degree of insulin
resistance have a more severe, extensive, and distal type
of coronary artery disease than patients with lower
degree of insulin resistance, as insulin resistance has
been associated with obesity, predominantly intra-
abdominal distribution of fat, hypertension, low high-
density  lipoprotein  (HDL) cholesterol, and
hypertriglyceridemia, all of which are well known risk
factors for CAD. This was concordant with Eddy et al.
@4 who reported that insulin resistance was the single
most frequent cause of coronary artery disease. Their
study estimated the proportion of coronary artery
disease due to insulin resistance and found that insulin
resistance is responsible for approximately 42% of
myocardial infarctions. This effect on coronaries is
indirect and mediated through its effects on other
variables such as systolic blood pressure (SBP), HDL
cholesterol, triglycerides, glucose, and apoB. Each of
those variables, in turn, is affected by other variables
such as age, sex, and race. Also, the role of obesity
which is the major cause of insulin resistance in the
etiology of both diabetes and CAD @),

On the contrary, Adler et al. ®® found no
association between HOMA-IR and coronary disease
and among patients with newly diagnosed type 2
diabetes, insulin resistance was not a risk factor for
cardiovascular disease. This is because the selected
studied population were shortly after diagnosis of
diabetes and the effect of insulin resistance were
modified by duration of diabetes.

The present study showed statically highly
significant negative linear correlation between ejection
fraction and insulin resistance. This agreed with
Cauwenberghs et al. ®® who found that increased
insulin resistance deteriorated the left ventricular
systolic function and it depended upon predicted LV
hypertrophy and worsening in LV systolic (EF%) and
diastolic function over time.

Similarly, Ehl et al. @, found that LVEF was
significantly lower in diabetic patients treated with
insulin compared with non-diabetic patients or those not
treated with insulin in a large patient population, as
insulin has profound effects on the myocardium by
affecting the energy metabolism, sympathetic activity,
inflammation, oxidative stress, and microvascular
dysfunction. MacDonald et al. ®®, reported that left
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ventricular systolic dysfunction and diabetes mellitus
commonly coexist. Each condition increases the
likelihood of developing the other and insulin resistance
occurs in HF of both ischemic and nonischemic etiology
and many mechanisms have been suggested including
sympathetic nervous system overactivity, sedentary
lifestyle, endothelial dysfunction, loss of skeletal
muscle mass, and influence of cytokines such as TNF-
alpha and leptin on peripheral insulin sensitivity. On the
other side diabetes develops left ventricular systolic
dysfunction and heart failure as a result of risk factors
for HF which are common in diabetics, like
hypertension, may have a direct effect on the
myocardium and also DM may activate neurohormonal
systems (9),

In our study we found that EF% was
significantly lower in patients with severe coronary
artery disease compared to other groups and that was
concordant with Jia et al. ®® and Chatterjee and
Rame @, who showed the severity of coronary
atherosclerosis was a strong and statistically highly
significant predictor of LVEF level and dysfunction of
LV ejection independent of the other major risk factors
(age, BMI, SBP, FBG, blood lipid count and leucocyte
count) the possible mechanism for systolic heart failure
is ischemic heart disease, and adverse remodeling is
associated with an unfavorable prognosis. In patients
with acute coronary syndromes, even after successful
recanalization of the infarct-related artery, the risk of
development of heart failure and mortality increases
with increasing end-diastolic volume and end-systolic
volume, and is inversely related to the ejection fraction.
Naguib et al. @Y found a strong negative correlation
between Gensini score EF % and this goes with the fact
that increased number of affected vessels impairs
perfusion of larger myocardial area and hence impair
function and the higher Gensini score is associated with
more severe coronary artery disease, the lower LV
function.

In this study insulin level was higher in
hypertensive patients and this went in harmony with
Natali et al. ®», who concluded that the acute
antinatriuretic effect of insulin is the mechanism
through which insulin can cause and contribute to the
development of essential hypertension. Other possible
explanation may be that insulin proportionally
increased plasma norepinephrine levels and caused
sympathetic nervous system activation that affected
blood pressure @ 29, Moreover, we found that
hypertension was more prevalent in patients with CAD
than those with normal coronary and that was
concordant with Nakanishi et al. @, who found that
hypertensive patients had greater extent of coronary
atherosclerosis and greater risk of major adverse cardiac
events compared with non-hypertensive patients. The
principal underlying pathophysiologic mechanism is
considered to be mechanically related to pulse pressure
as wide pulse pressure has been reported to be
associated with increased cardiac events. Both
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increased pulse pressure and systolic pressure
contribute to endothelial dysfunction, which facilitates
the entry of low-density lipid cholesterol into the blood
vessel wall, initiating the atherosclerotic process.
Hypertension also is a cause of left ventricular
hypertrophy, which has been implicated as a cause of
coronary atherosclerosis @,

Our study showed significant relation between
insulin resistance and dyslipidemia and that agreed with
Goldberg et al. @®®, who showed that insulin resistance
caused diabetic dyslipidemia as result of liver
production of apolipoprotein B, the major protein
component of very low-density lipoprotein (VLDL) and
LDL, is increased in type 2 diabetes and also defects in
insulin action and hyperglycemia could lead to changes
in plasma lipoproteins in patients with diabetes.
Moreover, Zheng et al. @”, found that normal glucose
tolerance individuals with dyslipidemia had severe
insulin resistance as result of impaired pancreatic 3 cells
function caused by dyslipidemia.

Our study revealed that total cholesterol, low
density lipoprotein (LDL) and triglycerides (TG) were
significantly higher in patients with higher Gensini
scores than those with lower scores. On the contrary
HDL was significantly lower in patients with higher
Gensini scores than those with lower scores Similarly,
Tarchalski et al. ®®, found that the extent of coronary
atherosclerosis is positively correlated with atherogenic
lipids, i.e. total cholesterol, LDL cholesterol and TG,
which can enter cells via apo B/E receptors or through
an unregulated scavenger receptor that present in
smooth muscle cells and macrophages, lead to
accumulation of intracellular cholesterol and formation
of foam cells in which oxidation occurs. Foam cells can
rupture leading to the release of oxidized lipoproteins,
proteolytic enzymes and toxic oxygen derivatives that
can altogether damage the vessel wall and promote
atherosclerotic changes within arteries It is also
negatively correlated with antiatherogenic HDL
cholesterol which explained by antiatherogenic
properties of HDL particles as HDL is engaged in
reverse cholesterol transport from cells and
atherosclerotic plaques into the liver or to other tissues
(8)

Moreover, Jenkins et al. @, found that the
concentration of high-density lipoprotein (HDL)
showed a strong inverse association with severity of
CAD, which was independent of the effects of age and
other lipoproteins. On the other hand, total plasma
cholesterol, low-density lipoprotein (LDL) cholesterol,
and the combined effect of LDL cholesterol plus very-
low-density lipoprotein triglyceride showed direct,
significant correlations with CAD, but these were
weaker than that of HDL.

In our study HgA1C was significantly higher in
patients with higher Gensini scores than those with
lower scores. Similarly, Gaber et al. ?, showed that
there was a statistically significant positive correlation
between HbAlc levels and Gensini scores, as diabetes
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mellitus is known to cause microvascular and possibly
macrovascular complications as it is one of the major
risk factors for CADs. Observations from many clinical
trials showed that DM is associated with a higher
prevalence of CAD with higher morbidity and more
fatal coronary events due to a higher incidence of plaque
rupture and superimposed thrombosis in diffusely
diseased coronary arteries.

CONCLUSION

Fasting insulin level is a simple test for insulin
resistance and significantly correlated with severe CAD
so it may have a value as a predictor of severity of CAD
and risk stratification of diabetic patients.
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