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Abstract 

 
Background: 

Obesity increases the chance of developing insulin resistance. It seems clear 

that lifestyle changes, including little physical exercise and constant access 

to food, particularly in developed and economically emergent countries, as 

well as genetic factors, appear to have triggered the escalating incidence of 

diseases related to insulin resistance, including   type 2 diabetes. Increased 

adipose tissue has been related to an increased production of pro-

inflammatory cytokines which, together with fatty acids, appear to be 

responsible for development of insulin resistance. 

Aims: 

The aim of the present study was to evaluate insulin resistance by 

evaluating Homeostatic Model Assessment for Insulin Resistance (HOMA-

IR) in a group of obese patients and compare them to healthy lean subjects 

and to elucidate the relationship between HOMA-IR, lipid profile; and 

other parameters. 

Methods and materials:  

This study was conducted in the Obesity Research and Therapy Unit 

(ORTU) – Alkindy College of Medicine – University of Baghdad from 1
st
 of 

December 2022 to February 2023 involved two groups; group 1 involved 

obese subjects (BMI ≥ 30). Subjects who have malignancy, diabetes, or 

major renal disease, hepatic, or endocrine and thyroid dysfunction will be 

excluded. Group 2 involved non- obese patients with (BMI 18.5 - 24.9).  

Results: 

 In group 1 the HOMA-IR was correlated significantly with waist, WHR, 

Glucose, A1c%, Cholesterol, and LDL. In addition in group 2 the HOMA-

IR was correlated significantly with waist, A1c%, cholesterol, and LDL  

Conclusion: 

 In the present study HOMA-IR and lipid profile were associated with 

obesity.  

 

keywords: 

Insulin resistance, Obesity, Dyslipidemia, HOMA-IR, LDL-C, HDL-C.
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(INTRODUCTION) 
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1.1 Obesity: 
Obesity is an increasing, global public health issue. The prevalence of 

overweight and obesity is rapidly increasing in developing as well as 

industrialized countries Patients with obesity are at major risk for 

developing a range of comorbid conditions, including cardiovascular 

disease (CVD), gastrointestinal disorders, Insulin resistance, type 2 

diabetes (T2D), joint and muscular disorders, respiratory problems, and 

psychological issues, which may significantly affect their daily lives as well 

as increasing mortality risks [1].  

 

1.2 The concept of obesity: 

The World Health Organization (WHO) defines overweight and obesity as 

abnormal or excessive fat accumulation that presents a risk to health 

WHO.A body mass index (BMI) ≥25 kg/m2 is generally considered 

overweight, while obesity is considered to be a BMI ≥ 30 kg/m2 [2].  

 

1.3 Obesity and insulin resistance: 

In individuals who are obese local inflammation that leads to the 

emergence of insulin resistance, which can be defined as a state of reduced 

responsiveness to normal circulating levels of insulin, plays a major role in 

the development of type 2 diabetes [1]. Besides, endoplasmic reticulum 

stress, adipose tissue hypoxia, oxidative stress, lipodystrophy, and genetic 

background have a role in insulin resistance. Accumulating evidence 

suggests that insulin resistance is the most probable link between obesity 

and obesity-associated metabolic dyslipidemia [3].   

Dyslipidemia which is defined as an imbalance of lipids such as cholesterol, 

low-density lipoprotein cholesterol, (LDL-C), triglycerides, and high-

density lipoprotein cholesterol (HDL-C) [4]. This abnormality is very 

commonly observed in patients who are obese. Approximately 60-70% of 

patients with obesity are dyslipidemic higher amounts of non-esterified 

fatty acids, glycerol, hormones, and pro-inflammatory cytokines are 

released by adipose tissue and could participate in the development of a 

major health problem is called insulin resistance an extreme adipose tissue 

expansion due to an increase in nutrients intake and insufficient energetic 

expenditure is considered as Obesity [3]. 

INTRODUCTION: 
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On the other hand, insulin resistance can lead to serious health problem 

called diabetes mellitus which is a complex chronic illness manifested by a 

high level of blood glucose or hyperglycemia, resulting from deficiencies in 

insulin secretion, action, or both [5].  

 

 
Figure 1. Combined impact of genetic makeup, environmental and social factors in the 

process of development of type 2 diabetes associated with obesity through impaired insulin 

secretion and insulin action, explaining the progression from insulin resistance to an impaired 

glucose tolerance test (IGT) and type 2 diabetes. 
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1.4 Lipid abnormalities in obese patients: 

The lipid abnormalities seen in patients who are obese include elevated 

triglyceride, very low-density lipoprotein (VLDL), Apo B, and non-HDL-C 

levels, which are all commonly observed. HDL-C and Apo A-I levels are 

typically low. LDL-C levels are frequently in the normal range, but an 

increase in small dense LDL is often seen resulting in an increased number 

of LDL particles [6],[7]. These small dense LDL particles are considered to 

be more pro-atherogenic than large LDL particles for a number of reasons 

Small dense LDL-C particles have a decreased affinity for the LDL 

receptor resulting in a prolonged period of time in the circulation [7].  

 

1.5 Obesity and pathophysiology of insulin resistance: 

Although standard definitions of insulin resistance still define it in terms of 

the effects of insulin on glucose metabolism, the last decade has seen a shift 

from the traditional “glucocentric” view of diabetes to an increasingly 

acknowledged “lipocentric” viewpoint. This hypothesis holds that 

abnormalities in fatty acid metabolism may result in inappropriate 

accumulation of lipids in muscle, liver, and β-cells. It is further proposed 

that ectopic lipid accumulation is involved in the development of insulin 

resistance in muscle and liver as well as impairing β-cell function (so-called 

“lipotoxicity”) [8]. Lipid accumulation within myocytes and hepatocytes is 

strongly associated with insulin resistance in diabetics, in individuals with 

impaired glucose tolerance, and obese subjects [9]. 

 

1.6 IR and dyslipidemia: 

Insulin resistance often occurs with dyslipidemia as part of the metabolic 

syndrome and the current dominant paradigm is that insulin resistance 

leads to dyslipidemia. However, dyslipidemia may also cause insulin 

resistance; this was postulated 30 years ago, but still causes Controversy 

among the scientific community [10].  
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Figure2-Schematic representation of the relationship between insulin resistance, 

hypertriglyceridemia and low HDL-C.  

 

 

 The mechanisms by which insulin resistance leads to hypertriglyceridemia 

and low HDL-C. 

Insulin resistance induces compensatory hyperinsulinemia, causing 

overproduction and secretion of VLDL in the liver, which leads to 

increased plasma VLDL-TG [10]. At the same time, insulin resistance 

activates the process of lipolysis, which is originally inhibited by insulin, so 

that free fatty acids (FFA) are produced and released to the bloodstream. 

FFAs also can increase production of triglyceride as a kind of substrate in 

the liver by entering hepatocytes, which aggravates hypertriglyceridemia. 

After bidirectional transfer of Cholesteryl ester transfer protein (CETP), 

the HDL particles without CE are susceptible to be broken down and 

cleared by the kidney, causing decreased HDL levels [figure 2-A] [11].  

The mechanisms leading from dyslipidemia to insulin resistance is mostly 

supported by genetic variants in lipid genes, depicted on top, leading to 

increased serum triglycerides or decreased HDL-C. It is therefore likely 

that lipoproteins can induce insulin resistance. The mechanism for this 

relationship is not known, but is likely to involve several steps. In addition, 

it cannot rule out that the genetic variants cause pleiotropic effects leading 

to insulin resistance, unrelated to the lipoproteins[figure2-B] [10,11].  
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1.7 Assessment Insulin Resistance: 

There are different measuring ways for Assessment IR Including [12]: 

1-Hyperinsulinemic-euglycemic clamp:  

The gold standard for evaluating insulin sensitivity, this "clamp" technique 

requires a steady IV infusion of insulin to be administered in one arm. A 

variation of this technique provides a better measurement of pancreatic 

beta cell function but is less physiologic than the euglycemic technique. 

2-Fasting serum insulin (FSI). 

3-Glucose/insulin ratio (G/I ratio). 

4-Homeostatic model assessment of insulin resistance (HOMA-IR). 

5-Quantitative insulin sensitivity check index (QUICKI): can be applied to 

normoglycemic and hyperglycemic patients.  

 

 

1.8 Homeostatic Model Assessment of Insulin resistance (HOMA-

IR):  

The homeostatic model assessment (HOMA) is a validated method to 

measure insulin resistance from fasting glucose and insulin. The original 

model HOMA1-IR, first published by Mattews and cols. in 1985 and has 

been widely used, especially in epidemiological and clinical studies. 

Recently, the model was updated with some physiological adjustments to 

(HOMA2-IR) a computer version providing a more accurate index [13].  

It was also demonstrated that insulin resistance, assessed by both HOMA-

IR indexes, is associated with an elevated BMI, with a worse lipoprotein 

profile. Furthermore, it was verified that in the apparently healthy 

subjects, HOMA-IR indexes were positively associated with BMI and 

abdominal obesity, and with triglycerides and total cholesterol. (HOMA1-

IR), the first described model, is a validated method to evaluate insulin 

resistance. However, according to Levy and cols, the HOMA2-IR is a more 

accurate representation of the metabolic process because it models the 

feedback relationship between insulin and glucose in the various organs in 

the body on the other hand, the HOMA2-IR has the inconvenience that 

only a specific range of values are acceptable for calculation. The 

Homeostasis Model Assessment (HOMA-IR) estimates steady state beta cell 

function (%B) and insulin sensitivity (%S), as percentages of a normal 

reference population [14].  
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[15]. 

 

The constant 405 should be replaced by 22.5 if glucose is expressed in S.I. units. 

Unlike I0 and the G/I ratio, the HOMA calculation compensates for fasting 

hyperglycemia. Also keep in mind that HOMA and I0 values increase in the 

insulin-resistant patient while the G/I ratio decreases [12].  

 

Several studies had suggested that HOMA-IR ranges should be Less than 

1.0 for insulin-sensitive which is optimal, while over 1.9 indicates early 

insulin resistance and over 2.9 indicates significant insulin resistance [16]. 

 

Although all methods that can predict insulin resistance where more 

overweight/obese the person, the more likely they are to be insulin-resistant 

and at increased risk of cardiovascular disease, but substantial numbers of 

overweight/obese individuals remain insulin-sensitive, and not all insulin-

resistant persons are obese this fact is still a point of study and discussion in 

researches interested in the field of diabetes and obesity [13].  

 

Aims: 

The aim of the present study to evaluate insulin resistance by homeostatic 

model assessment of insulin resistance (HOMA-IR) in a group of obese 

patients compared to healthy subject and to elucidate the relationship 

between HOMA-IR and lipid profile and other parameters.  
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(Method and Material) 
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Method and material: 

 
2.1 Type of study: 
Cross – sectional study 

 

2.2 Setting and Duration: 
This study was conducted in Obesity Research and Therapy Unit (ORTU) 

– Alkindy College of Medicine – University of Baghdad from 1
st
 of 

December 2022 to February 2023. The Study Protocol and Ethical 

Approval were permitted by Alkindy College of Medicine. Informed 

consent was obtained from all subjects involved in the study. 

 

2.3 Study Population: 

Subjects between (20 to 60) years of age were selected and classified into 

two main groups according to their Body mass index (BMI - calculated as 

weight in kilograms divided by height in squared meters). Group1 involved 

healthy lean volunteers (BMI 18.5 - 24.9); group2 involved obese subjects 

(BMI ≥ 30). Subjects who had malignancy, diabetes, or major renal disease, 

hepatic, or endocrine and thyroid dysfunction were excluded. 

 

2.4 Assessment of Anthropometric and Biochemical Parameters: 

Blood samples were drawn in the fasting state (for at least 12 hours) and 

centrifuged. Then serum samples were collected to be stored at -20°C until 

analytical processing. Patients’ health status data were acquired from 

medical records and augmented with self-reported information from the 

research participants. Blood pressure and anthropometric measurements; 

body weight (Kg) and height (m); circumference of waist and hip (cm). In 

addition, BMI (kg/  ) and waist to hip ratio (WHR) were estimated 

according to medical standards in the ORTU.  

Serum Glucose (s.Glucose) , cholesterol (chol)triglycerides (TG), high-

density lipoproteins and cholesterol (HDL-C). Were measured using 

diagnostic kits produced by (Human, Germany). Serum insulin levels were 

estimated by ELISA kits (Demeditec Diagnostics., Germany).  

Glycated hemoglobin A1c% was assessed by kits and Huma Meter A1c% 

system analyzer manufactured by (Human, Germany). 
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Each biochemical parameter was estimated according to the instructions 

provided with kits. Low-density lipoprotein cholesterol (LDL-C) was 

calculated by the Friedewald formula available at: 

https://www.mdapp.co/ldl-calculator-96  [17]. 

 

 
 

2.5 Estimation of Insulin Resistance Biomarkers: 

Fasting glucose and insulin levels were used to calculate the HOMA-

IR.  

With HOMA2-IR version calculator available at: 

http://www.dtu.ox.ac.uk/homacalculator/index.php [16]. 

 

2.6 Statistical Analyses: 

Data were analyzed with SPSS version 25 software for windows 10 (IBM, 

NewYork, NY, USA). Parametric Data Are Presented As Mean±Standard 

Deviation (mean±SD). Independent Student’s t-testwas used to compare 

variables between groups respectively. A p value <0.05 was used as the level 

of significance. Pearson's correlations were used to determine the 

relationship between serum omentin level and the other variables. Linear 

regression analysis was under taken to determin eindependent associations 

between Omentin and other variables included in study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Method and Material: 

https://www.mdapp.co/ldl-calculator-96(referenceno.)
http://www.dtu.ox.ac.uk/homacalculator/index.php%20%5b16
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The clinical characteristics and biochemical analytes of participants in the 

present study are shown in Table 3-1. The obese group has higher HOMA-

IR levels when compared to the healthy lean group (3.95 ± 1.929 vs. 1.75 ± 

1.2, P <0.001). Moreover, the obese group exhibited significant higher levels 

of hip, waist circumference (WC), waist to hip ratio (WHR), weight, BMI, 

glucose, insulin, HOMA2-IR and lipid profile and lower levels of HDL-

Cholesterol (p <0.001). 

 

Table 3-1: The anthropometric, biochemical variables of participants enrolled in the 

present study. 

Parameters Group1 

(Obese)  

Group2 

(Lean) 

P value 

n (%) 53 /115 (46.1%) 62 /115 (53.9)  

Age (year) 43.48 ± 10.42 41.27 ± 11.24 0.243 

Waist Circumference (cm) 109.51 ± 13.37 79.76 ± 5.57 0.000** 

Hip (cm) 123.41 ± 11.27 97.53 ± 6.06 0.057 

Waist to Hip Ratio (WHR)  0.88 ± 0.81 0.80 ± 0.05 0.034* 

Weight (Kg) 105.90 ± 21.447 62.92 ± 5.287 0.000** 

Height (m) 39.80 ± 7.105 164.10 ± 8.452 0.280 

BMI (kg/m
2
) 39.80 ± 7.105 23.16 ±1.44 0.000** 

Serum Glucose (mg/dl) 105.22 ± 20.13 90.77 ± 7.88 0.000** 

Serum Insulin (µIU/ml) 31.56 ± 21.38 17.12 ± 29.15 0.023* 

A1c% 5.28 ± 0.70 4.78 ± 0.27 0.000** 

HOMA-IR 3.95 ± 1.929 1.75 ± 1.2 0.001** 

Triglyceride (mg/dl) 152.72 ± 86.01 79.12 ± 27.63 0.000** 

Total Cholesterol (mg/dl) 197.71 ± 39.35 161.81 ± 32.97 0.000** 

HDL-C (mg/dl) 37.30 ± 10.24 44.63 ± 8.03 0.001** 

LDL-C (mg/dl) 129.80 ± 39.91 101.36 ± 30.40 0.066 
 

Data are represented as (mean ± SD). BMI: body mass index; HOMA-IR: homeostasis model assessment of 

insulin resistance; HDL–C: high density lipoprotein-cholesterol. LDL–C: Low density lipoprotein-cholesterol. 

Statistical significance considered at * p <0.05,  

** p <0.01, ***p <0.001 

 

 

 

 

 

 

 

 

Results: 
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Table 3-2 illustrates the correlations between HOMA-IR and the other 

parameters in group 1 (Obese).  HOMA-IR levels were correlated 

significantly with waist (r =0.458, p =0.008), WHR (r =0.441, p =0.013), 

Glucose (r = 0.348, p =0.028), A1c% (r = 0.931, p <0.000), Cholesterol (r = 

0.506, p <0.001), and LDL (r = 0.361, p =0.022). 

 

 

Table 3-2: Correlations of Study Analytes with HOMA-IR in Participants enrolled in 

the Present Study 

Parameters 

Age (year) (r = 0.022, p = 0.891) 

Waist Circumference (cm) (r = 0.458, p = 0.008)** 

Hip (c) (r = 0.201, p = 0.278) 

Waist to Hip Ratio (WHR) (r = 0.441, p = 0.013)* 

BMI (kg/m
2
) (r = 0.220, p = 0.173) 

Serum Glucose (mg/dl) (r = 0.348, p = 0.028)* 

Serum Insulin (µIU/ml) (r = 0.051, p = 0.754) 

A1c% (r = 0.931, p < 0.000)** 

Triglyceride (mg/dl) (r = 0.156, p = 0.336) 

Total Cholesterol (mg/dl) (r = 0.506, p < 0.001)** 

HDL-C (mg/dl) (r = 0.041, p = 0.800) 

LDL-C (mg/dl) (r = 0.361, p = 0.022)* 

 

BMI: body mass index; HOMA-IR: homeostasis model assessment of insulin resistance; HDL-C: 

high density lipoprotein-cholesterol.  LDL– C: Low density lipoprotein-cholesterol. Values with 

statistical significance at * p <0.05, ** p <0.01, ***p <0.001. 
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Table 3-3 illustrates the correlations between HOMA-IR and the other 

parameters in the group 2 (Lean). HOMA-IR levels were correlated 

significantly with waist (r = 0.401, P = 0.047), A1c% (r = 0.956, p < 0.000), 

cholesterol (r = 0.421, p = 0.008), and LDL (r = 0.338, p = 0.035). 

 

 

Table 3-3: Correlations of Study Analytes with HOMA-IR in Participants enrolled in 

the Present Study 

Parameters 

Age (year) (r = 0.210, P = 0.199) 

Waist Circumference (cm) (r = 0.401, P = 0.047)* 

Hip (cm) (r = 0.213, p = 0.307) 

Waist to Hip Ratio (WHR) (r = 0.358, p = 0.079) 

BMI (kg/m
2
) (r = 0.240, p = 0.141) 

Serum Glucose (mg/dl) (r = 0.271, p = 0.096) 

Serum Insulin (µIU/ml) (r = 0.031, p = 0.850) 

A1c% (r = 0.956, p < 0.000)** 

Triglyceride (mg/dl) (r = 0.055, p = 0.737) 

Total Cholesterol (mg/dl) (r = 0.421, p = 0.008)** 

HDL-C (mg/dl) (r = 0.153, p = 0.351) 

LDL-C (mg/dl) (r = 0.338, p = 0.035)* 

 

BMI: body mass index; HOMA-IR: homeostasis model assessment of insulin resistance; HDL-C: 

high density lipoprotein-cholesterol.  LDL– C: Low density lipoprotein-cholesterol. Values with 

statistical significance at * p <0.05, ** p <0.01, ***p <0.001. 
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DISCUSSION: 
In the present study, study participants were classified according to their 

BMI into two groups (obese and lean subjects). It was found that group 1 

(obese patients) has elevated levels of (WHR, BMI , serum glucose ,serum 

insulin , A1c% , HOMA2-IR , Triglyceride , LDL total serum cholsterol ) 

in comparison with group 2 (lean). In addition, it was found that HOMA2-

IR positively correlated to (waist circumference,WHR , BMI , glucose , 

insulin , A1c% , LDL ,cholestrol …) . 

HOMA2-IR index widely used in researches and clinical practice to 

evaluate insulin resistance. Several studies had suggested that HOMA-IR 

ranges should be Less than 1.0 for insulin- sensitive which is optimal,While 

over 1.9 indicates early insulin resistance and over 2.9 indicates significant 

insulin resistance [16].  

It was confirmed that HOMA2-IR value above 2.5 is taken as indicator in 

IR estimation. Furthermore other studies that was done in turkey 

demostrated that the cutoff point for optimal value of HOMA2-IR is 1.40 

[18]. 

This variations of the threshold values of HOMA-IR may depend on 

population being studied, samples being collected and another factors such 

as family history, medical history and lab tests should be taken in 

consideration because they affect HOMA-IR results. This is in agreement 

with the study demonstrated the finding that ( Socio-demographic factors 

have an effect on IR. Indeed, differing genetic, epigenetic, and sociocultural 

factors are important determinants of insulin sensitivity [19]. 

Dietary differences also have an effect on IR; a plant-based, low fat dietary 

pattern has a protective effect against its development [20]. 

In the present study, it was found that the HOMA2-IR was elevated in 

group 1 (obese patients). This is in line with study suggested that a 

significant differences among the HOMA2-IR values of normal weight, 

overweight and obese was observed. High values of HOMA-IR in obese 

subjects compared to normal adolescents has also been validated in large 

study among adolescents [21].   

Commensurate with the rising trend of obesity is the rising prevalence of 

IR and MS in the population [22]. There are several hypotheses to explain 

the mechanisms responsable for IR in obese patients such as multifactors 

including genetic, lifestyle, dietary routine factors have been implicated in 

obesity Pathogenesis [23]. 
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High HOMA2-IR level in obese patients is a critical risk factor in the 

progression of type 2 diabetes. This was in link with studies suggested that 

high HOMA2-IR were individually associated with increased odds of 

progression of type 2 diabetes compared to the HOMA1-IR. HOMA2-IR 

had better performance in predicting incident type 2 diabetes [24]. This 

finding was in similarity to other reports from Iranian (aged 20–86 years, 

using HOMA2) and Chinese (aged above 40, using HOMA1) cohorts, 

supporting the important role of IR mediated by obesity and 

glucolipotoxicity in progression to T2D in both young and older Chinese 

people [25]. 

 

Another hypothesis is that the low-grade inflammation that accompanies 

obesity leads to impaired peripheral tissue insulin sensitivity. Increased 

plasma levels of inflammatory mediators, e.g., C-reactive protein, 

leukocytes or interleukin 6 (IL-6), have been shown to predict the 

development of insulin resistance and type 2 diabetes [26]. 

In 2000, Katz et al. developed the quantitative insulin sensitivity check 

index (QUICKI). It provides an advantage for predicting IR in patients 

with type 2 diabetes and obesity but is unreliable in patients with type 1 

diabetes. In the diagnosis of IR, the McAuley index can also be used, which 

takes into account fasting insulinemia and TG concentration. According to 

the authors of a Korean study, the McAuley index best correlates with 

uncomplicated IR 

[27]. 

HOMA-IR and QUICKI take into account fasting glucose and 

concentration to estimate the hepatic IR whereas the mastuda index focuses 

in the dynamic values obtained in oral glucose tolerance test (OGTT) to 

estimate the peripheral IR. So HOMA2-IR is more accurate to estimate the 

IR [28].  

 

In this study, HOMA-IR was positively correlated with WHR, and this is 

confirmed by the study that HOMA-IR has significant correlations with 

WC and WHR, while the correlation between WHR and HOMA-IR was 

poor. 

Other studies, including one from India [29], also observed the strongest 

correlation of HOMA-IR with WC. In addition, this finding was confirmed 

that another parameter has shown a good correlation with HOMA-IR in 
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our study is WHR. A similar result was reported in a large study from 

Europe [30,31,32]. 

All these studies have shown that WC and WHR are good predictors of IR 

in obese and can be used to identify individuals at risk. A sedentary lifestyle 

can contribute to an increase in both HOMA-IR and WHR. Lack of 

physical activity can lead to decreased insulin sensitivity and an increase in 

adipose tissue, particularly visceral adipose tissue. In addition, sedentary 

behavior is associated with an increase in central obesity and WHR [33]. 

 

Furthermore an unhealthy diet high in processed foods and added sugars, 

which can contribute to an increase in both HOMA-IR and WHR. 

Consuming a diet high in calories, sugar, and unhealthy fats can lead to an 

increase in visceral adipose tissue and insulin resistance, which can 

contribute to an increase in HOMA-IR and WHR [34].  

In our study, HOMA-IR was also positively correlated with BMI, and this 

was in agreement with a study done by Amruth Raj, which approved that 

there was a positive correlation of HOMA-IR with BMI [35]. 

Abtahi et al. observed that the prevalence of prediabetes was higher in 

obese person having higher range of waist circumference, WHR and BMI. 

Body weight is determined by many factors, such as genetic, behavioral, 

cultural, socio-economic, physical inactivity, diet, and psychosocial factors. 

Excess body weight is a risk factor for a variety of health hazards like 

diabetes mellitus, prediabetes, and cardiovascular disease. It was concluded 

that people with lower BMI are less susceptible for development of IR, 

diabetes mellitus, and obese people have a higher prevalence of abnormal 

blood glucose levels [36]. 

The present study found a positive correlation between HOMA-IR and 

glucose was found. This was explained by the study that demonstrated the 

genetic factors can play a role in insulin resistance and glucose 

dysregulation [37]. And by Unhealthy Diet high in processed foods, sugary 

beverages, refined carbohydrates, and saturated or trans fats can 

contribute to insulin resistance and elevated glucose levels3. Obesity is 

strongly associated with insulin resistance and elevated blood glucose 

levels. Excess body fat, particularly visceral fat (fat around the abdomen), 

releases chemicals that interfere with insulin action [38].  

The positive correlation between HOMA2-IR and insulin was approved by 

the study confirmed that hyperinsulinemia is significantly correlated with 
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IR, so it can render more viable way to detect insulin-resistant type 2 

diabetics instead of measuring glucose intolerance. This was confirmed by 

hyperinsulinemia is an effective compensatory mechanism that allows for 

insulin action in mild to moderate IR [39]. 

A study reported that genetic, environmental, and dietary factors have 

been associated with hyperinsulinemia. Air pollution has been associated 

with adverse lipid changes and higher fasting glucose and insulin [40]. 

Blacks had higher insulin levels than whites, consistent with impaired 

insulin clearance in blacks, which could not be explained by differences in 

BMI, family history, smoking, or other factors [41] and in vitro studies 

have suggested that hyperinsulinemia is associated with increases in 

reactive oxygen species [42].  

 

In addition, HOMA-IR was also positively correlated with A1C%, and this 

is confirmed by the study that glycemia measured by A1C% in the non-

diabetic range has been shown to correlate with HOMA-IR [43]. Elevated 

blood glucose levels, also known as hyperglycemia, can directly contribute 

to an increase in A1C%. Chronic hyperglycemia leads to the glycation of 

hemoglobin, which increases the proportion of A1C% in the blood [44]. 

Both insulin resistance and hyperglycemia can lead to oxidative stress and 

inflammation, which contribute to the development of type 2 diabetes and 

cardiovascular disease. These processes can also contribute to an increase 

in A1C%, as oxidative stress and inflammation can increase the glycation 

of hemoglobin [45]. 

 

High HOMA2-IR was correlated in our study with the elevated levels of 

(cholesterol, LDL and TG) in obese patients. This is linked to the study that 

reported the effects of lipid accumulation in tissues are referred to 

lipotoxicity and indicate systemic inflammation and IR [46]. The excessive 

lipid accumulation in ectopic tissues leads to local inflammation and IR 

The ectopic fat accumulation in the pancreas, for example, contributes to β-

cell dysfunction, and recent studies in human have proved that the 

bariatric surgery can improve β-cell function by decreasing pancreatic fat 

accumulation [39,47]. A marker of ectopic fat accumulation in human is 

the increased visceral/intra-abdominal fat accumulation, associated with 

abdominal obesity [48].  
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Moreover, accumulation of lipids in adipocytes can induce oxidative stress, 

as evidenced by excess reactive oxygen species (ROS) such as hydrogen 

peroxide and hydroxyl radical ions by activating NADPH oxidase. Recent 

studies have shown that ROS-induced damage has lately been recognized 

as one of the key mechanisms in the pathogenesis of IR [49]. 

In contrast with the study that discussed the concept that impaired adipose 

tissue remodeling in obesity is not a homogeneous condition, and obesity 

does not necessarily translate into IR and increased risk for metabolic 

comorbidities. Several studies have reported that a subgroup of obese 

individuals remains insulin-sensitive and metabolically “healthy” and 

exhibits normal physiology and hormonal profiles [50]. 

 

In the present study; it was found that the lipid profile was elevated in 

obese patients. It was in line with the study reported that the lipid 

abnormalities seen in patients who are obese include elevated triglyceride, 

VLDL, Apo B, and non-HDL-C levels, cholestrol, which are all commonly 

observe. HDL-C and Apo A-I levels are typically low [51]. Studies 

suggested was approximately 60-70% of patients who are obese are 

dyslipidemic while 50-60% of patients who are overweight are dyslipidemic 

[52]. Notably, obesity in children and young adults also leads to an 

increased prevalence of elevated triglycerides and decreased HDL-C levels 

[53]. Moreover, these abnormalities are driven by the combination of the 

greater delivery of free fatty acids to the liver from increased total and 

visceral adiposity, insulin resistance, and a pro-inflammatory state, 

induced by macrophages infiltrating fat tissue [54, 52]. In patients with 

obesity, a decrease in insulin activity due to insulin resistance results in the 

blunting of the inhibition of triglyceride lipolysis and an increase in 

triglyceride breakdown in adipose tissue leading to increased fatty acid 

deliver to the liver [52]. 
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CONCLUSION: 

In the present study HOMA-IR and lipid profile were associated with 

obesity.  

 

LIMITATION: 
The study was designed to be cross sectional, thus there were unavoidable 

limitation.  

1- Limited time.  

2- sample population was small because it is derived from only ORTU 

at Al-kindy Collage of Medicine and therefor the sample cannot be 

generalized to whole people.  

 

RECOMMENDATION: 

We recommend that Evaluation of HOMA-IR and lipid profile to be 

routinely done for obese individuals.  

 

 

 

 

 

 

 

 

 

 

 



 

22 
 

 
 

 

 

 

 

 

 

 

REFERENCES 

 

 

 

 

 

 

 



 

23 
 

 

REFERENCES: 
 

1. Cefalu, W. T. , Bray, G. A. , Home, P. D. , Garvey, W. T. , Klein, S. , Pi‐

Sunyer, F. X. , … Ryan, D. H. , et al. (2015). Advances in the science, 

treatment, and prevention of the disease of obesity: Reflections from a diabetes 

care editors' expert forum. Diabetes Care, 38(8), 1567–1582. [PMC free article] 

[PubMed] [Google Scholar]. 

2. World Health Organization (WHO) . (2016a). 10 Facts on obesity. Retrieved  

from https://www.who.int/features/factfiles/obesity/facts/en/. 

3. Christopher B, Newgard CB. Molecular and metabolic mechanisms of insulin 

resistance and β-cell failure in type 2 diabetes. Nat Rev Mol Cell Biol. 

2008;9:193–205. doi: 10.1038/nrm2327 [PubMed] [CrossRef] [Google 

Scholar] [Ref list]. 

4. Purnell JQ. Definitions, Classification, and Epidemiology of Obesity. In: 

Feingold KR, Anawalt B, Boyce A, Chrousos G, Dungan K, Grossman A, 

Hershman JM, Kaltsas G, Koch C, Kopp P, Korbonits M, McLachlan R, 

Morley JE, New M, Perreault L, Purnell J, Rebar R, Singer F, Trence DL, 

Vinik A, Wilson DP, eds. Endotext. South Dartmouth (MA) 2018.  

5. Christopher B, Newgard CB. Molecular and metabolic mechanisms of insulin 

resistance and β-cell failure in type 2 diabetes. Nat Rev Mol Cell Biol. 

2008;9:193–205. doi: 10.1038/nrm2327 [PubMed] [CrossRef] [Google 

Scholar] . 

6. Toth PP, Kris-Etherton PM, Abate N, Aronne LJ, Brown WV, Gonzalez-

Campoy JM, Jones SR, Kumar R, La Forge R, Samuel VT. Obesity, adiposity, 

and dyslipidemia: a consensus statement from the National Lipid Association. 

7. Franssen R, Monajemi H, Stroes ES, Kastelein JJ. Obesity and dyslipidemia. 

Med Clin North Am. 2011;95:893–902. [PubMed] [Ref list]. 

8. Schroder D, Zuhlke H. Genetechnology, characterization of insulin gene and 

the relationship to diabetes research. Endokrinologie. 1982;79:197–209. 

[PubMed] [Google Scholar]. 

9. Bratanova-Tochkova TK, Cheng H, Daniel S, et al. Triggering and 

augmentation mechanisms, granule pools, and biphasic insulin secretion. 

Diabetes. 2002;51 (Suppl. 1):S83–90. [PubMed] [Google Scholar] 

10.  Zhou YT, Grayburn P, Karim A, Shimabukuro M, Higa M, Baetens D, Orci L, 

Unger RH. Lipotoxic heart disease in obese rats: implications for human 

obesity. Proc Natl Acad Sci USA. 2000;97(4):1784–1789. 

11.  Doi: 10.1073/pnas.97.4.1784. [PMC free article] [PubMed] [CrossRef] 

[Google Scholar] [Ref list] 

 



 

24 
 

12.  Manish Gutch, Sukriti Kumar,1 Syed Mohd Razi, Kumar Keshav Gupta, and 

Abhinav      Gupta. Assessment of insulin sensitivity/resistance Indian J 

Endocrinol Metab. 2015 Jan-Feb; 19(1): 160–164.  doi: 10.4103/2230-

8210.146874.  

13.  Levy JC, Matthews DR, Hermans MP. Correct homeostasis model assessment 

(HOMA) evaluation uses the computer program. Dia-betes Care. 

1998;21(12):2191-2. 

14.  Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. 

Diabetes Care. 2004;27(6):1487-95. 

15.  HOMA-IR Calculator : 

http://www.dtu.ox.ac.uk/homacalculator/index.php 

16.  Blegina Shashaj et al. Acta Diabetol. 2016 Apr.Reference ranges of HOMA-IR 

in normal-weight and obese young Caucasians.  

17.  LDL Calculator https://www.mdapp.co/ldl-calculator-96 

18.  Demir AK, Şahin Ş, Kaya SU, Bütün İ, Çıtıl R, Önder Y, Taşlıyurt T, Demir 

O, Deveci K, Kutlutürk F. Prevalence of insulin resistance and identifying 

HOMA1-IR and HOMA2-IR indexes in the Middle Black Sea region of 

Turkey. Afr Health Sci. 2020 Mar;20(1):277-286. doi: 10.4314/ahs.v20i1.33. 

PMID: 33402916; PMCID: PMC7750083. 

19.  Hasson BR, Apovian C, Istfan N. Racial/Ethnic Differences in Insulin 

Resistance and Beta Cell Function: Relationship to Racial Disparities in Type 2 

Diabetes among African Americans versus Caucasians. Curr Obes Rep. 

2015;4(2):241–249 

20.  Doostvandi T, Bahadoran Z, Mozaffari-Khosravi H, Tahmasebinejad Z, 

Mirmiran P, Azizi F. The association of dietary patterns and the incidence of 

insulin resistance after a 3-year follow-up: Tehran Lipid and Glucose Study. 

Asia Pac J Clin Nutr. 2017;26(3):531–538. 

21.  Lee JM, Okumura MJ, Davis MM, Herman WH, Gurney JG. Prevalence and 

determinants of insulin resistance among U S. adolescents: a population-based 

study. Diabetes Care. 2006;29:2427–2432.  

22.  Singh R, Bhansali A, Sialy R, Aggarwal A. Prevalence of metabolic syndrome 

in adolescents from a north Indian population. Diabet Med. 2007;24:195–199. 

23.  Albuquerque D., Stice E., Rodríguez-López R., Manco L., Nóbrega C. Current 

review of genetics of human obesity: From molecular mechanisms to an 

evolutionary perspective. Mol. Genet. Genomics. 2015;290:1191–1221. 

doi: 10.1007/s00438-015-1015-9. 

24.  Song YS, Hwang Y-C, Ahn H-Y, Park C-Y. Comparison of the usefulness of 

the updated homeostasis model assessment (HOMA2) with the original 

HOMA1 in the prediction of type 2 diabetes mellitus in Koreans. J Diabetes 

Metabol. 2016; 40(4): 318. 

http://www.dtu.ox.ac.uk/homacalculator/index.php
https://www.mdapp.co/ldl-calculator-96


 

25 
 

25.  Wang T, Lu J, Shi L, et al. Association of insulin resistance and β-cell 

dysfunction with incident diabetes among adults in China: a nationwide, 

population-based, prospective cohort study. Lancet Diabetes & Endocrinol. 

2020; 8(2): 115- 124. 

26.  Shoelson S.E. Inflammation and Insulin Resistance. J. Clin. Investig. 

2006;116:1793–1801. doi: 10.1172/JCI29069. 

27.  Kim T.J., Kim H.J., Kim Y.B., Lee J.Y., Lee H.S., Hong J.H., Lee J.W. 

Comparison of Surrogate Markers as Measures of Uncomplicated Insulin 

Resistance in Korean Adults. Korean J. Fam. Med. 2016;37:188. 

doi: 10.4082/kjfm.2016.37.3.188. 

28.  Abdul-Ghani M.A., Matsuda M., Balas B., DeFronzo R.A. Muscle and Liver 

Insulin Resistance Indexes Derived From the Oral Glucose Tolerance Test. 

Diabetes Care. 2007;30:89–94. doi: 10.2337/dc06-1519. 

29.  Misra A, Vikram NK, Arya S, Pandey RM, Dhingra V, Chatterjee A, Dwivedi 

M, Sharma R, Luthra K, Guleria R, Talwar KK. High prevalence of insulin 

resistance in postpubertal Asian Indian children is associated with adverse 

truncal body fat patterning, abdominal adiposity and excess body fat. Int J Obes 

Relat Metab Disord. 2004;28:1217–1226.  

30.  Wedin WK, Diaz-Gimenez L, Convit AJ. Prediction of insulin resistance with 

anthropometric measures: lessons from a large adolescent population. Diabetes 

Metab Syndr Obes. 2012;5:219–225. 

31.  Hirschler V, Aranda C, Calcagno Mde L, Maccalini G, Jadzinsky M. Can 

waist circumference identify children with the metabolic syndrome? Arch 

Pediatr Adolesc Med. 2005;159:740–744. 

32.  Bitsori M, Linardakis M, Tabakaki M, Kafatos A. Waist circumference as a 

screening tool for the identification of adolescents with the metabolic syndrome 

phenotype. Int J Pediatr Obes. 2009;4:325–331. 

33.  Peddie MC, Bone JL, Rehrer NJ, Skeaff CM, Gray AR, Perry TL. Breaking 

prolonged sitting reduces postprandial glycemia in healthy, normal-weight 

adults: a randomized crossover trial. Am J Clin Nutr. 2013;98(2):358-366. doi: 

10.3945/ajcn.112.051316. 

34.  Malik VS, Popkin BM, Bray GA, Després JP, Willett WC, Hu FB. Sugar-

sweetened beverages, obesity, type 2 diabetes mellitus, and cardiovascular 

disease risk. Circulation. 2010;121(11):1356-1364. doi: 

10.1161/CIRCULATIONAHA.109.876185. 

35.  Amruth Raj, Assistant Professor, PK Das Institute of Medical Sciences, 

Vaniyamkulam, Kerala, :Correlation of HOMA IR with BMI - Academia 

International Journals, 21September 2021 



 

26 
 

36.  Abtahi F, Naghshzan A, Zibaeenezhad MJ, Heydari ST, Khosropanah SH, 

Zamirian M, et al. The relationship between body mass index and prediabetes 

in teachers residing in Shiraz-Iran 2009. Iran Cardiovasc Res J 2010;4:112-117.  

37.  Laakso M. How good a marker is insulin level for insulin resistance? Am J 

Epidemiol. 1993;137(09):959–965. 

38.  Katsuki, A., Sumida, Y., Gabazza, E. C., Murashima, S., Furuta, M., Araki-

Sasaki, R., ... & Adachi, Y. (2001). Homeostasis model assessment is a reliable 

indicator of insulin resistance during follow-up of patients with type 2 diabetes. 

Diabetes care, 24(2), 362-365.  

39.  Yazıcı D., Sezer H. Insulin Resistance, Obesity and Lipotoxicity. Adv. Exp. 

Med. Biol. 2017;960:277–304. doi: 10.1007/978-3-319-48382-5_12. 

40.  Chen Z, Salam MT, Toledo-Corral C, Watanabe RM, Xiang AH, Buchanan 

TA, Habre R, Bastain TM, Lurmann F, Wilson JP, Trigo E, Gilliland 

FD. Ambient air pollutants have adverse effects on insulin and glucose 

homeostasis in Mexican Americans. Diabetes Care. 2016;39(4):547–554.   

41.  Harris MI, Cowie CC, Gu K, Francis ME, Flegal K, Eberhardt MS. Higher 

fasting insulin but lower fasting C-peptide levels in African Americans in the 

US population. Diabetes Metab Res Rev. 2002;18(2):149–155. 

42.  Saadeh M, Ferrante TC, Kane A, Shirihai O, Corkey BE, Deeney JT. Reactive 

oxygen species stimulate insulin secretion in rat pancreatic islets: studies using 

mono-oleoyl-glycerol. PLoS One. 2012;7(1):e30200.  

43.  Chang Y, Yun KE, Jung HS, Kim CW, Kwon MJ, Sung E, Ryu S. A1c and 

coronary artery calcification in nondiabetic men and women. Arterioscler 

Thromb Vasc Biol. 2013;33(8):2026–31. 

44.  Forbes JM, Cooper ME. Mechanisms of diabetic complications. Physiol Rev. 

2013;93(1):137-188. doi: 10.1152/physrev.00045.2011Nathan DM, Kuenen J, 

Borg R, et al. Translating the A1C assay into estimated average glucose values. 

Diabetes Care. 2008;31(8):1473-1478. doi: 10.2337/dc08-0545. 

45.  Nathan DM, Kuenen J, Borg R, et al. Translating the A1C assay into estimated 

average glucose values. Diabetes Care. 2008;31(8):1473-1478. doi: 

10.2337/dc08-0545. 

46.  Engin A.B., Engin A.B. What Is Lipotoxicity? Adv. Exp. Med. Biol. 

2017;960:197–220. doi: 10.1007/978-3-319-48382-5_8.  

47.  Singh R.G., Yoon H.D., Wu L.M., Lu J., Plank L.D., Petrov M.S. Ectopic fat 

accumulation in the pancreas and its clinical relevance: A systematic review, 

metaanalysis, and meta-regression. Metabolism. 2017;69:1–13. doi: 

10.1016/j.metabol.2016.12.012. 

48.  Tchernof A., Després J.P. Pathophysiology of human visceral obesity: An 

update. Physiol. Rev. 2013;93:359–404. doi: 10.1152/physrev.00033.2011. 



 

27 
 

49.  Ahmed B., Sultana R., Greene M.W. Adipose Tissue and Insulin Resistance in 

Obese.Biomed.Pharmacother.2021;137:111315.doi: 10.1016/j.biopha.2021.111

315 

50.  Wildman R.P., Muntner P., Reynolds K., McGinn A.P., Rajpathak S., Wylie-

Rosett J., Sowers M.R. The obese without cardiometabolic risk factor 

clustering and the normal weight with cardiometabolic risk factor clustering: 

Prevalence and correlates of 2 phenotypes among the US population 

(NHANES 1999–2004) Arch. Intern. Med. 2008;168:1617–1624. 

doi: 10.1001/archinte.168.15.1617 

51.  Xiao C, Dash S, Morgantini C, Hegele RA, Lewis GF. Pharmacological 

Targeting of the Atherogenic Dyslipidemia Complex: The Next Frontier in 

CVD Prevention Beyond Lowering LDL Cholesterol. Diabetes. 2016;65:1767–

1778.  

52.  Bays HE, Toth PP, Kris-Etherton PM, Abate N, Aronne LJ, Brown WV, 

Gonzalez-Campoy JM, Jones SR, Kumar R, La Forge R, Samuel VT. Obesity, 

adiposity, and dyslipidemia: a consensus statement from the National Lipid 

Association. J Clin Lipidol. 2013;7:304–383. [PubMed] 71. Grundy SM. 

Obesity, metabolic syndrome, and cardiovascular disease. J Clin Endocrinol 

Metab. 2004;89:2595–2600. 

53.  Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic Risks and 

Severity of Obesity in Children and Young Adults. N Engl J Med. 

2015;373:1307–1317.  

54.  Klop B, Elte JW, Cabezas MC. Dyslipidemia in obesity: mechanisms and 

potential targets. Nutrients. 2013;5:1218–1240.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

28 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           

APPENDIX 

 

 

 

 

 

 
 

 



 

29 
 

APPENDIX 

Study Protocol 

 

 Name: 

 

 

 Center or Hospital File no.: 

 

 

 Physical Examination: 

       Age:                                  Sex:                                            WHR: 

       BW ;                                   Hgt:                                            BMI: 

 

 Drugs History and Current Medications:  

 

 

 Social habits: 

      Smoking:                                 nonsmoker: 

      Previous smoker:                    current smoker: 

      No. of Cigarette/day:  

     Alcohol consumption:               

 

 History of Diseases and Complications: 

 

 

 Routine and Research Laboratory Investigations: - 

 

i. Tests of Glycemia: 

1. Fasting Serum Glucose 

2. HbA1c% 

3. Insulin 

4. HOMA-IR 
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ii. Lipid Profile 

1. TG 

2. T.chol 

3. Hdl-C 

4. LDL-C


