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ABSTRACT 

Background: Insulin resistance and its metabolic consequences are increasingly being recognized as 

risk factors for Coronary Artery Disease (CAD). Being obese and the further accumulation of CAD 

risk factors related to insulin resistance, creates a state of high risk for diabetes mellitus and coronary 

artery diseases. 

Objectives: 

• To find out the prevalence of hyperinsulinemia in individuals with metabolic syndrome, both in 

patients with and without coronary artery disease (CAD). 

• To assess the role of hyperinsulinemia as predictor of CAD risk in metabolic syndrome patients 

Materials and Methods: In this comparative, cross-sectional study, 200 patients with clinically 

diagnosed metabolic syndrome according to the NCEP ATP III criterion were selected out of which 

100 were diagnosed cases of CAD (cases) selected from the CCU of Cardiology department and 100 

without CAD (controls) were selected from the OPD of Endocrinology department of our tertiary care 

NIMS Hospital. For estimation of fasting serum insulin & lipid profile, fasting blood sample was 

collected and were performed in the Central Biochemistry Laboratory, NIMS Hospital. 

Results: Our study investigated the relationship between Metabolic Syndrome (MetS) and Coronary 

Artery Disease (CAD). We found that MetS patients with CAD were significantly older than those 

without CAD. Furthermore, CAD patients exhibited elevated fasting insulin levels, with a median 
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value of 10.42 μIU/ml (6.49-19.55), compared to 9.47 μIU/ml (6.28-13.28) in non-CAD patients. 

Hyperinsulinemia was also more prevalent in CAD patients, affecting 17% of this group versus 6% 

of non-CAD patients. Additionally, median HOMA-IR values were higher in CAD patients (2.61 

[1.898-5.07]) than in non-CAD patients (2.38 [1.45-3.42]). Although LDL and TAG levels were 

comparable between groups, HDL levels were significantly lower in CAD patients (p < 0.001).  

Logistic regression analysis revealed that MetS with CAD patients who had high fasting insulin levels 

had a 3.4-fold increased risk of developing CAD compared to MetS patients without CAD. 

Conclusion: Our research suggests that Hyperinsulinemia (elevated insulin levels) serves as a reliable 

predictive biomarker for CAD in patients with Metabolic Syndrome (MetS), making it a valuable tool 

for diagnostic monitoring and follow-up care, ultimately enhancing the prevention and management 

of CAD in this patient population 

 

Keywords: Coronary Artery Disease (CAD), Metabolic Syndrome (MetS), Fasting Insulin, 

Hyperinsulinemia, HOMA-IR. 

 

1. INTRODUCTION: 

The fasting insulin levels in serum has been an important parameter of insulin sensitivity in many 

studies conducted epidemiologically [1,2] and hyperinsulinemia indicates insulin resistance in the 

body. India contributes around 15-16 % of mortality which occurs due to coronary heart disease 

globally [4]. Metabolic disorders related to insulin resistance are now identified as risk factors for 

CAD. 

The main risk factors which are present in metabolic syndrome are dyslipidaemia  

(high triglycerides and low levels of HDL-cholesterol), hypertension, hyperglycaemia and obesity. 

These factors increase the overall risk of coronary artery diseases at any LDL-cholesterol level present 

in a patient [5,6]. Also, there is important evidence that abnormalities related to homoeostasis [3] and 

chronic inflammation [7,8] could be clustered together with other risk factors that are present in the 

metabolic syndrome. 

Due to increase in being overweight and obesity globally, there is a very high increase in type 2 

diabetes cases and it is expected that it will cause an increase in coronary artery diseases (CAD) as 

well.[9] Being obese and the further accumulation of CAD risk factors related to insulin resistance, 

creates a state of high risk for diabetes mellitus and coronary artery diseases. For comparing studies 

at global level, the WHO released an updated definition of metabolic syndrome.[10] 

In this study, an attempt has been made to find out an association between hyperinsulinemia & insulin 

resistance with CAD in North West Indian patients, i.e. we want to find out if hyperinsulinemia is 

directly a risk causing factor for coronary artery disease and can be used as a predicting biomarker for 

CAD in MetS patients. 

 

2. METHODS 

2.1 Study design & Population 

It was a comparative and cross-sectional study, and was conducted in the Department of Biochemistry 

in association with Department of Cardiology & Department of Endocrinology, National Institute of 

Medical Sciences and Research, Jaipur, Rajasthan. This study was conducted between the period July 

2023 to September 2024, which included metabolic syndrome patients with CAD (cases) & metabolic 

syndrome patients without CAD (controls). The inclusion criterion for cases was (a) age 18-75 years, 

(b) diagnosed cases of metabolic syndrome according to the NCEP ATP III criterion [11], (c) 

confirmed diagnosed cases of CAD (d) willingness to participate in the study with informed consent. 

The inclusion criterion for controls was (a) age 18-75 years (b) Diagnosed cases of metabolic 

syndrome based on the NCEP ATP III criterion (c) No history or diagnosis of CAD (d) Willingness 

to participate in the study with informed consent. The patients who did not meet the criterion for cases 

and controls and those patients suffering from acute or chronic diseases like liver disease, renal 

disease, respiratory and immunodeficiency diseases, Patients having UTI, Thyroid disorders and 
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psychiatric illness, Subjects on insulin therapy or having Type I diabetes mellitus or Active 

malignancies, Subjects with Pregnancy were excluded from the study. 

 

2.2 Study Recruitment 

In our study, we included 200 subjects which clinically diagnosed cases of Metabolic Syndrome based 

on the modified NCEP ATP III criterion. Out of these 200 subjects, 100 were confirmed diagnosed 

patients of coronary artery disease (cases-MetS with CAD), selected from the CCU of cardiology 

department of NIMS hospital, and 100 were subjects having metabolic syndrome without CAD 

(controls-MetS without CAD), selected from the OPD of endocrinology department. Data of all 

patients, including demographic, anthropometric & biochemistry laboratory parameters were taken 

and performed after taking the informed consent of the subjects. 

 

2.3 Collection of clinical data and parameters 

Metabolic syndrome subjects were selected through the NCEP ATP III criterion [9]. CAD patients 

were confirmed cases diagnosed by angiography admitted in the CCU. For estimation of biochemical 

parameters (lipid profile, FBS, HbA1c) fasting blood sample of the patients was collected and the 

tests were performed in the Central Biochemistry Laboratory, NIMS Hospital, Jaipur. For estimation 

of fasting serum insulin, fasting blood sample was collected and estimated on VITROS 5600 in the 

Central Biochemistry Laboratory, NIMS hospital, Jaipur. 

Other data like demographic and anthropometric data was taken from patient case record files from 

the CCU & OPD of Cardiology & Endocrinology. 

 

2.4 Biochemistry Laboratory Investigations 

Serum lipid profile (Total Cholesterol, LDL, HDL, TAG, VLDL) was estimated on VITROS 5600 

Integrated system. Total cholesterol (<200 mg/dl) was estimated by enzymatic colorimetric method. 

LDL (<100 mg/dl) was estimated enzymatic endpoint method. HDL (>60 mg/dl) was estimated by 

precipitation colorimetric method. TAG was estimated by enzymatic colorimetric method. 

Fasting blood glucose (70-100 mg/dl) was estimated by enzymatic colorimetric method on VITROS 

5600 Integrated System. Serum Fasting Insulin (2.3-26 μIU/ml) was estimated on VITROS 5600 

Integrated System by immunometric immunoassay technique. 

 

2.5 Ethics 

Our present study was done with the approval of the Institutional Review Board (approval number: 

NIMSUR/IEC/2022/372). Informed consent of all the patients was taken before their participation in 

this comparative, cross-sectional study. 

 

2.6 Statistical Analysis 

The statistical analysis of the data was done on IBM SPSS software and MS Excel. Normality was 

checked by Kolmogorov-Smirnov test for all variables. Parametric data i.e. continuous variables were 

expressed as mean and standard deviation, and T-test was used to compare their mean. The non-

parametric data was expressed as median and Mann-Whitney U test was used for comparing their 

median. The categorical data was expressed as frequency distribution Logistic regression analysis was 

used for assessing the association between the main variable of the study & CAD, Fasting Insulin. 

Level of significance was set at 5% (i.e. if p value <0.05, then it was considered statistically 

significant). 
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3. RESULTS: 

Table 1. Demographic and Anthropometric Details 
Variables Metabolic Syndrome with CAD Metabolic Syndrome 

without CAD 

Subjects 100 100 

Age, Years 

Mean ± SD 

58.42 ± 1.12 49.90 ± 1.11 

Gender, n (%) 

Male 

Female 

 

76 (76%) 

24 (24%) 

 

65 (65%) 

35 (35%) 

BMI, Median[Q1-Q3] 25.32 [23.92 – 27.26] 26.41 [24.57 – 28.49] 

Systolic Blood Pressure 134.56 ± 15.27 135.5 ± 9.21 

Diastolic Blood Pressure 86.33 ± 11.34 87.28 ± 5.95 

The data is presented in Mean ± SD, number (percentage) and Median [Q1-Q3]. 

 

Table 1 shows the average age of the subjects with CAD was found to be significantly higher, with a 

mean age of 58.42 ± 1.12 years, compared to 49.90 ± 1.11 years in the group without CAD. Gender 

distribution also showed a higher proportion of males in both groups, with 76% (n=76) in the CAD 

group and 65% (n=65) in the non-CAD group, while females comprised 24% (n=24) and 35% (n=35), 

respectively. Regarding Body Mass Index (BMI), the median [Q1-Q3] values revealed a slightly 

lower BMI in the CAD group at 25.32 [23.92 – 27.26] compared to 26.41 [24.57 – 28.49] in the non-

CAD group. The data suggest that older age and male gender may be associated with an increased 

risk of CAD in patients with metabolic syndrome, with differences in BMI also noted between the 

groups. 

 

Table 2: Comparing mean/median of lipid profile parameters of patients in MetS with & 

without CAD by using t-test & Mann-Whitney U test 

Variables MetS with CAD MetS without CAD P - Value 

T. Cholesterol 

(mg/dl) 
160.28 ± 42.11 188.3 ± 27.06 < 0.001 

HDL (mg/dl) 36.62 ± 9.71 40.98 ± 7.34 < 0.001 

LDL (mg/dl) 104.61 ± 35.35 112.1 ± 24.74 0.08402 

VLDL (mg/dl) 32.4 (25.5-40.1) 33 (31.15-37) 0.1443** 

TAG (mg/dl) 162 (127.5-200.3) 165 (155.8-185) 0.1443** 

**: Mann-Whitney U test used 

 

Table 2 shows the mean/median values of lipid profile parameters in both cases and controls. 

The mean of total cholesterol levels in cases and controls were 160.28±42.11 and 188.3±27.06, 

respectively, which shows that controls had higher mean value than cases and the difference was 

statistically highly significant (p<0.001). The mean of HDL levels was lower in cases as compared to 

controls and the difference was statistically highly significant (p<0.001). The difference in mean 

values of LDL was statistically not significant, the difference in median values of TAG & VLDL in 

both the groups, was statistically not significant (p>0.05) (Table 2). 

 

Table 3: Frequency distribution of fasting insulin of patients of both groups 

Insulin 
MetS with CAD MetS without CAD 

n = 100 In % n = 100 In % 

< 2.3 μIU/ml 5 5% 0 0% 

2.3 - 26 μIU/ml 78 78% 94 94% 

> 26 μIU/ml 17 17% 6 6% 
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Table 3 shows the frequency distribution of fasting insulin in cases and controls. 

Hyperinsulinemia (Fasting insulin >26 μIU/ml) was present in 17(17%) patients in cases and 6(6%) 

in controls. 

 

Graph 1: 

 
 

Table 4: Comparing mean/median of Insulin, HbA1c, Fasting Glucose & HOMA-IR of 

patients between MetS with & without CAD by using Mann-Whitney U test & t-test 

Variables MetS with CAD 
MetS without 

CAD 
P - Value Significance 

INSULIN 10.42 (6.49-19.55) 9.47 (6.28-13.28) 0.10524** Not Significant 

HBA1C 6.93 ± 1.62 7.65 ± 1.46 0.00113 

Significant Fasting 

Glucose 
109.15 ± 14.54 102.26 ± 14.98 0.00114 

HOMA-IR 2.61 (1.898-5.07) 2.38 (1.45-3.42) 0.0357** Not Significant 

**: Mann-Whitney U test used 

 

Table 4 shows the mean/median values of Fasting Insulin, HbA1c, Fasting Glucose & HOMA-IR of 

both cases & controls. 

The median insulin levels were higher in cases [10.42 (6.49-19.55)] as compared to controls [9.47 

(6.28-13.28)], the difference was statistically not significant (p>0.05). The median of calculated 

parameter for insulin resistance, HOMA-IR was higher in cases [2.61 (1.898-5.07)] as compared to 

controls [2.38 (1.45-3.42)], the difference was statistically not significant (p>0.05). The mean levels 

of fasting glucose were higher in cases (109.15 ± 14.54) as compared to controls (102.26 ± 14.98), 

the difference was statistically significant(p<0.05). The mean levels of HbA1c were lower in cases 

(6.93 ± 1.62) as compared to controls (7.65 ± 1.46), the difference was statistically 

significant(p<0.05). 

 

Table 5: Logistic regression of Fasting Insulin in MetS with CAD compared to MetS without 

CAD 

Variables 

MetS 

with 

CAD 

MetS 

without 

CAD 

Odd's 

Ratio 

95% 

Confidence 

Interval 

Z-test P - Value 

Insulin 

< 2.3 μIU/ml 5 0 - - - - 

2.3 - 26 μIU/ml 78 94 1 - - - 

> 26 μIU/ml 17 6 3.415 1.284 - 9.08 2.461 0.0138 
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Table 5 shows the logistic regression analysis of Fasting Insulin in both groups, cases and controls. 

In MetS with CAD group 17(17%) patients have high fasting insulin levels (>26 μIU/ml) and in MetS 

without CAD 6(6%) patients have high fasting insulin levels (>26 μIU/ml). According to the 

regression analysis for Fasting Insulin between cases and controls, the odd’s ratio is 3.41, which is 

statistically significant(p<0.05), which means that MetS with CAD group with high Fasting Insulin 

has 3.4 times risk of developing CAD than MetS without CAD with high Fasting Insulin. 

 

4. DISCUSSION: 

Our study investigated the relationship between Metabolic Syndrome (MetS) and Coronary Artery 

Disease (CAD). We found a significant age disparity between MetS patients with CAD (58.42 ± 1.12 

years) and those without CAD (49.90 ± 1.11 years; p < 0.001), indicating CAD is more prevalent in 

older adults. Males dominated both groups, comprising 76% of CAD patients and 65% of non-CAD 

patients, suggesting males are at higher risk for MetS and CAD. 

Body Mass Index (BMI) analysis revealed a slightly lower median BMI in CAD patients (26.41 

[24.57-28.49]) compared to non-CAD patients (25.32 [23.9-27.26]), with most patients in both groups 

being overweight or obese. 

Lipid profile analysis showed comparable mean LDL levels between CAD (104.61 ± 35.35 mg/dl) 

and non-CAD (112.1 ± 24.74 mg/dl) patients [12, 13]. Median TAG levels were slightly higher in 

non-CAD patients (165 [155.8-185] mg/dl) versus CAD patients (162 [127.5-200.3] mg/dl), but the 

difference was statistically insignificant (p > 0.05) [18, 19]. Lower LDL and TAG levels in CAD 

patients may be attributed to treatment with statins and aspirin for dyslipidemia and chronic heart 

disease [15], particularly given the older age and previous hospitalizations in this group. 

Notably, mean HDL levels were significantly lower in CAD patients (36.62 ± 9.71 mg/dl) compared 

to non-CAD patients (40.98 ± 7.34 mg/dl; p < 0.001) [13, 19]. This disparity suggests impaired reverse 

cholesterol transport mechanisms, increasing CAD risk [18, 20]. Lower HDL levels in older adults 

may also result from decreased protein intake and negative nitrogen balance, affecting lipoprotein 

synthesis [14). 

Fasting insulin levels were similar between CAD (10.42 [6.49-19.55] μIU/ml) and non-CAD (9.47 

[6.28-13.28] μIU/ml) patients. However, the prevalence of hyperinsulinemia (> 26 μIU/ml) was 

higher in CAD patients (17%) versus non-CAD patients (6%) [16, 17]. Median HOMA-IR values 

indicated higher insulin resistance in CAD patients, although the difference was statistically 

insignificant (p > 0.05). 

Logistic regression analysis revealed a 3.4-fold increased risk of developing CAD in MetS patients 

with high fasting insulin levels (p < 0.001) [17]. Our findings underscore the importance of 

considering HDL levels and insulin resistance as key risk factors for CAD in MetS patients, 

particularly in older adults. 

Our results and analysis of Fasting Insulin among cases and controls showed that prevalence of 

hyperinsulinemia was higher in cases than controls and also, the median fasting insulin levels were 

higher in cases than controls. 

 

5. CONCLUSION: 

The findings of our study showed that MetS with CAD patients have higher Fasting Insulin levels 

(hyperinsulinemia), higher HOMA-IR & higher prevalence of hyperinsulinemia in cases as compared 

to controls and significantly lower HDL levels in cases as compared to controls, indicating that low 

HDL levels and high Fasting Insulin levels are a high-risk factor for MetS with CAD patients as 

compared to MetS without CAD. So, it is highly important to maintain the HDL levels in CAD and 

MetS patients, also protein diet should be maintained properly, and most importantly Fasting Insulin 

levels can be used as a predicting biomarker for CAD in MetS patients. Our research indicates that 

Hyperinsulinemia is a significant marker for identifying CAD risk in MetS patients, which will help 

in better management of CAD. 
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