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ABSTRACT 

Insulin resistance is a disorder of glucose homeostasis, which is a decrease in tissue sensitivity 

to insulin despite normal or elevated serum hormone levels. The main sources of development 

are genetic and environmental factors, including excessive consumption of fats, simple sugars 

and high-calorie foods, and lack of physical activity. One of the most objective methods of 

assessing insulin resistance is the HOMA-IR index calculated on the basis of glucose and 

insulin levels in the blood. Among the clinical consequences, type 2 diabetes and polycystic 

ovary syndrome play the most important role. The goal of treatment is not only to reduce 

insulin resistance, but also to protect pancreatic β cells. 
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INTRODUCTION AND PURPOSE 

Insulin resistance is a disorder of glucose homeostasis, which is a decrease in tissue sensitivity 

to insulin despite normal or elevated serum hormone levels. Because glucose is an essential 

element for cell survival, the body balances insulin resistance by producing more insulin [1, 

2]. Insulin resistance causes metabolic disorders in various tissues [3]. The most serious 

clinical sequelae include type 2 diabetes, metabolic syndrome and polycystic ovary syndrome 

[1, 4]. The main sources of insulin resistance development are genetic and environmental 

factors, including excessive consumption of fats, simple sugars and high-calorie foods, and 

lack of physical activity [5–8]. There are many methods for assessing insulin resistance. One 

of the most objective methods is the HOMA-IR index calculated on the basis of blood glucose 

and insulin levels [4]. In order to fully understand glucose homeostasis disorder, it is 

necessary to know the role of adipose tissue in its pathogenesis [9]. 

The purpose of this study was to characterize the phenomenon of insulin resistance. The work 

deals with the mechanisms, sources of development, assessment methods as well as clinical 

consequences and the possibilities of their treatment. Our research material consisted of 

publications that were found in the PubMed, ResearchGate and Google Scholar databases. To 

find relevant publications, the search was performed using a combination of keywords such as 

"insulin resistance", "insulin resistance syndrome", "metabolic syndrome", "cardiovascular 

disease". The first step was to find relevant publications from the last 10 years. The second 

step was to review the publications found. 

 

DESCRIPTION OF THE STATE OF KNOWLEDGE 

Definition 

Insulin resistance is defined as a disorder of glucose homeostasis, it is characterized by 

reduced tissue sensitivity to insulin despite normal or elevated serum levels of this hormone. 

Because glucose is an essential energy substrate for cells, the body balances insulin resistance 

by producing more insulin. The result is an excess hormone in the blood (hyperinsulinemia) 

and excessive stimulation of tissues that are still sensitive to the effects of insulin. The 

consequences of this process are imbalances between insulin and glucose, followed by 

disorders of carbohydrate, protein and lipid metabolism resulting in a significant increase in 

the amount of triglycerides and LDL cholesterol in the blood, while reducing the HDL 

fraction. This in turn raises the risk of thrombosis or other inflammatory changes, including 

sodium retention, resulting in increased blood pressure [2, 10, 11]. 

 

Types of insulin resistance 

There are three mechanisms of disorders leading to resistance to this hormone - pre-receptor, 

receptor and post-receptor insulin resistance. 

Pre-receptor resistance may be caused by: abnormal structure of insulin molecules ("mutant 

insulin syndrome"), increased hormone degradation, the presence of antibodies in the blood 

that bind normal insulin molecules or antagonist hormones, e.g. glucagon, growth hormone, 

androgens, cortisol and thyroid hormones. 

Receptor resistance is most often caused by a decrease in the number of insulin receptors or 

their hormone affinity. In addition, a change in insulin receptor structure or function may 

result from mutations. 
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Post-receptor resistance is most often associated with disorders in the processes of signaling 

the attachment of the hormone to its receptor. Often, there are also irregularities in the 

structure and functioning of glucose transporters inside the cell. Resistance may also be 

associated with increased lipolysis, which results in an increase in the amount of FFA. Its 

excessive oxidation is responsible for inhibiting lipolysis. 

Insulin resistance may be a consequence of disturbances in insulin receptor structure or 

function. Receptors are glycoproteins consisting of two α subunits and two β subunits and are 

located on the surface of all body cells, most of them are on the surface of hepatocytes and 

adipocytes. 

The development of insulin resistance may be due to abnormal work and the number of 

insulin receptors, as well as a decrease in the reactivity of target cells, resulting in excessive 

stimulation of insulin, which is a consequence of improper work of the pancreatic B cells. The 

proper functioning of insulin receptors may be impaired due to the presence of antibodies 

directed against these receptors in the blood [1]. 

Insulin resistance may have a hepatic and a peripheral form. The hepatic form affects 

hepatocytes and causes uncontrolled intensification of hepatic glycogenolysis and 

gluconeogenesis as well as the production of VLDL cholesterol and triglycerides. On the 

other hand, the peripheral form develops in adipose tissue and skeletal muscles, and is 

manifested by impaired glucose uptake and utilization by skeletal muscles and increased 

lipolysis in adipose tissue, which results in increased release of free fatty acids [12, 13].   

 

Tabela 1. Mechanisms of insulin resistance [12] 

Pre-receptor Receptor Post-receptor 

Genetically conditioned 

abnormal structure of 

insulin molecules (so-

called mutated insulin 

syndrome) 

 

Increased insulin 

degradation 

 

 

Blood antibodies that bind 

normal insulin (IgG) 

molecules 

 

Presence in the blood of 

substances or hormones 

with insulin antagonism: 

cortisol, glucagon, growth 

hormone, thyroid 

hormones 

Decrease in the number of 

insulin receptors 

 

 

 

 

Decreased insulin receptor 

affinity (mutations) 

Disorders in processes signaling the 

attachment of insulin to the insulin 

receptor (disorders in intracellular signal 

transmission) 

 

 

Irregularities in the structure and operation 

of glucose transporters inside the cell 

 

Increased lipolysis - the number of free 

fatty acids increases, and their excessive 

oxidation is responsible for inhibiting 

glycolysis 
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Sources of development 

Genetic and environmental factors are the main sources of the development of insulin 

resistance. Studies have confirmed the effect of polymorphism of many genes whose 

transcription affects insulin secretion and is associated with the development of obesity, e.g. 

mutation of the TCF7L2 gene. In the case of environmental factors, excessive consumption of 

simple sugars, fats, high-calorie foods and lack of physical activity have the greatest impact 

on the development of the disease. These disorders can occur under the influence of drugs 

such as corticosteroids, thiazides, under the influence of various toxins and as a result of 

metabolic stress caused by infection or stress. Factors that increase the risk of insulin 

resistance are also acquired diseases, including those from the group of diseases called 

civilization (diabetes, thyroid disease, polycystic ovary syndrome). Most cases of insulin 

resistance are due to the interaction of some or all of these factors. Scientists, in the case of 

the impact of obesity on the development of insulin resistance, pay most attention to the so-

called male type of obesity, or abdominal obesity. Excessive growth of visceral fat results in 

the formation of permanent inflammatory reactions, which is a consequence of excessive 

secretion, among others resistins and TNFα. Secreted compounds cause interference in the 

transmission of information to insulin-sensitive receptors [5–8]. In the case of insulin 

resistance of adipose tissue, the inhibitory effect of insulin on the lipolysis process is reduced, 

which results in increased circulating FFA. Their elevated concentration inhibits glucose 

uptake in other tissues, e.g. in muscles. In addition, GLUT4 translocation is impaired and 

glucose transport to cells is reduced [14]. 

 

Methods of direct assessment of insulin resistance 

1. Metabolic clamp method 

It is characterized by accuracy and repeatability of results. It is considered the "gold standard" 

in the determination of insulin resistance. The principle of the method is to determine the 

amount of glucose that must be administered to the patient to maintain a stable glucose value 

during the 2 hour insulin infusion. The glucose consumption limit is 8 mg / min / kg FFM. 

Values above 8 mg / min / kg FFM are considered normal, whereas values below 8 mg / min / 

kg FFM indicate impaired insulin sensitivity. This is the most commonly used method, but it 

is quite technically difficult, time-consuming and cost-intensive. 

 

2. Insulin tolerance test 

A method for assessing insulin sensitivity based on response to a given (exogenous) hormone. 

If insulin secretion hormone secretion disorders occur and people with diabetes complicated 

by peripheral neuropathy can be expected to have increased sensitivity to administered 

insulin, the test carries a risk of hypoglycemia, therefore it is recommended to perform it after 

a preliminary assessment of insulin sensitivity. 
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3. Endogenous suppression test 

This study involves blocking the secretion of endogenous insulin by administering 

propranolol and adrenaline. Tests showed elevated glucose values in people with insulin 

resistance, while people with normal insulin sensitivity obtained these values in the normal 

range. When performing the test, keep in mind that high glucose results may be distorted due 

to renal glucose excretion, and that conduction and arrhythmia may occur during the test. 

Complications can be avoided by using somatostatin to block endogenous insulin secretion. 

 

Methods of indirect assessment of insulin resistance 

1. The insulinemia / glycemia ratio 

Calculated as the quotient of insulin concentration (IU / l) and blood glucose (mg / dL). A 

value above 0.3 indicates insulin resistance. The advantage of this test is that it can be used 

both under basal conditions (on an empty stomach) and during an oral glucose tolerance test. 

The limitation on the use of this method is the endogenous insulin secretion disorder [1]. 

 

2. HOMA-IR indicator 

The insulin resistance coefficient is calculated on the basis of glucose and insulin levels in the 

blood according to the following formula: 

𝐻𝑂𝑀𝐴 − 𝐼𝑅 (
𝑚𝑚𝑜𝑙

𝐿
𝑥 µ

𝑈

𝑚𝑙
) = 

 

𝑓𝑎𝑠𝑡𝑖𝑛𝑔 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 (
𝑚𝑚𝑜𝑙

𝐿 )  𝑥 𝑓𝑎𝑠𝑡𝑖𝑛𝑔 𝑖𝑛𝑠𝑢𝑙𝑖𝑛 (µ𝑈/𝑚𝑙) 

22,5
 

 

Under physiological conditions, this factor is below 1.0. Values above this norm indicate 

peripheral insulin resistance or hepatic origin [4, 13].  

 

3. QUICKI indicator 

The indicator is calculated from the formula: 

 

1 / (fasting insulin log (µU / ml) + fasting blood glucose (mmol / l)) 

 

Insulin resistance is indicated by the value <0.34 

 

4. Matsuda indicator 

The indicator is calculated from the formula: 

 

100,000 / insulin fasting (mU / ml) x fasting glucose (mg / dl) x mean glucose in the oral 

glucose test (OGTT) x mean insulin in OGTT 

 

Insulin resistance is indicated by the value <7.3. 
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5. Intravenous glucose tolerance test 

This study consists of determining the tissue glucose assimilation factor K, which expresses 

the percentage of glucose that will disappear within 1 minute from the extracellular space. 

The test consists of administering glucose at a dose of 0.33 g / kg. for rapid infusion and 

glucose measurement: before the start of the test and every 10 minutes in the first hour of the 

test. 

 

In people with normal glucose tolerance, the K value is 1.5-2.5. A value <1.5 with 

simultaneous normal or elevated plasma insulin levels suggests insulin resistance. 

 

6. Double intravenous glucose test 

This test also includes determining the tissue assimilation factor K; glucose is administered 

intravenously at a dose of 0.33 g / kg. In addition, glucose is repeated at the same dose 

together with insulin (0.1 U / kg). The difference between K values provides information on 

the effect of exogenous insulin. 

 

7. Bergman's method 

This method is based on intravenous administration of glucose to the test person in a dose of 

0.3 g / kg. After 20 minutes, tolbutamide is administered intravenously, which stimulates the 

secretion of endogenous insulin. The dose of tolbutamide is adjusted for body mass index. 

Within 3 hours of the test, 26 insulin and venous glucose tests are performed. The results 

obtained and the mathematical model proposed by Bergman allow the determination of the 

tissue sensitivity coefficient for insulin [1, 8, 15–18]. 

 

The effect of insulin resistance on the body 

Insulin resistance causes metabolic disorders in various tissues. It reduces the uptake and 

consumption of glucose in the oxidation process and impairs its storage in the form of 

glycogen in skeletal muscle. In the case of adipose tissue, no inhibitory effect on lipolysis was 

observed, in the case of the liver, insulin impairment reduced the inhibition of hepatic glucose 

production. Insulin resistance is a major pathogenetic factor of type 2 diabetes. The decrease 

in tissue sensitivity to insulin is compensated by hyperinsulinemia, which means that some 

people with insulin resistance do not develop type 2 diabetes for many years. However, these 

people have other components of the metabolic syndrome, namely hypertension, abdominal 

obesity, atherogenic dyslipidemia, i.e. hypertriglyceridemia, low cholesterol of high density 

lipoprotein fraction and the presence of small, dense lipoprotein particles. Insulin resistance 

and the closely related obesity are associated with a chronic inflammatory response with low 

activity in various tissues [3]. Insulin resistance contributes to the development of 

hypotriglyceridemia, excessive production of very low density b lipoproteins, low density 

lipoproteins, accelerated catabolism of high density lipoproteins and reduction of HDL 

receptor activity. The developing decrease in peripheral tissue sensitivity to insulin, together 

with the increased lipotic activity of adipose tissue affects the increase of insulin resistance 

and promotes the development of cardiovascular disorders. In addition, increased peripheral 

tissue resistance to insulin adversely affects the function of the vascular wall. Insulin 

resistance increases the accumulation of visceral fat, which is a source of acute phase 
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proteins, proinflammatory cytokines, and thrombotic factors, predisposes to vasospasm, 

promoting the development of hypertension. Insulin resistance is accompanied by increasing 

lipotoxicity, which is the result of prolonged exposure of pancreatic β cells, smooth muscle 

cells and endothelium to very low density lipoproteins, circulating free fatty acids, 

compounds with cytotoxic properties, e.g. ceramide, diacylglycerol and triglycerides. 

Increased lipolysis in adipose tissue along with the increase in the concentration of free fatty 

acids intensify the processes of fatty acid oxidation and reduction of glycolysis, as a result of 

which the activity of glycogen synthesis and functions dependent on GLUT4 

glucotransporters are slowed down. The increase in fatty acid in the liver minimizes insulin 

degradation, resulting in increased hyperinsulinemia and insulin sensitivity. The consequence 

of obesity is an increase in leptin concentration, which contributes to the further development 

of insulin resistance. 

Increasing hyperinsulinemia leads to a decrease in the number of receptors in peripheral 

tissues. The sensitivity of insulin receptors to the hormone decreases under the influence of 

tumor necrosis factor α. An important role in the development of insulin resistance and the 

formation of obesity is transcriptional receptor dysfunction. Insulin activation of peroxisome 

proliferators has an impact on the increase of insulin sensitivity and limit the expression of 

GLUT glucotransporters. Insulin resistance also develops under the influence of β3 adrenergic 

receptor dysfunction in adipose tissue and increased production of inflammatory mediators, 

which in turn affects the activation of the NF-ϰB transcription factor pathway in the liver and 

adipose tissue [5, 19]. 

 

Clinical consequences of insulin resistance 

Type 2 diabetes 

The conducted research allows to state that the decrease in insulin sensitivity is detectable 

many years before the diagnosis of type 2 diabetes [20, 21]. The basic pathogenetic 

mechanisms in the development of type 2 diabetes are insulin resistance and pancreatic β-cell 

secretory dysfunction [1, 22]. The blood glucose level is kept within the reference range as 

long as the β-cell compensatory mechanism is efficient. This results in the fact that many 

people with known severe insulin resistance do not develop diabetes. However, these people 

are still at high risk of developing premature atherosclerosis, comparable to those at type 2 

diabetes [23]. Already in the early stages of the disease, some of the more subtle functional 

tests reveal the deterioration of certain β-cell functions [24]. As a result, the increasing β cell 

defect results in hyperglycemia. In patients with type 2 diabetes, impaired insulin secretion is 

not inhibited, while hormone resistance stabilizes at full-blown diabetes, as demonstrated in 

studies [25]. In the development of type 2 diabetes, the first phase of insulin secretion is very 

early. The later phase is characterized by reduced and delayed hormone secretion in response 

to oral load. The advanced phase, which lasts for many years, is characterized by a very low 

level of insulin secretion. It is worth mentioning that in the course of the disease a decrease in 

the percentage of insulin content in the cell secretory product in favor of proinsulin and a 

reduction in the function of the incretin axis are observed. Studies in animal models and 

patients' autopsies have shown a 30-50% reduction in β cells and an accumulation of amyloid 

deposits in islets [26]. However, this does not explain the intensification of the defect [23].  
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Polycystic ovary syndrome (PCOS) 

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders affecting 

10-15% of women of childbearing age. The etiology of the disease is still not fully 

understood, and the clinical picture is extremely variable, but generally includes clinical or 

biochemical hyperandrogenism, menstrual disorders and polycystic ovaries on ultrasound 

[18]. Studies in the 1980s have provided information that insulin resistance and elevated 

insulin levels may be an essential element in the pathogenesis of PCOS  [27, 28]. It turned out 

that about 50% of women with PCOS also suffer from insulin-related disorders, with a 

significant proportion (70%) being obese [29]. The effects of elevated insulin concentration 

on the ovaries include, among others: increased expression of 3β-OH steroid dehydrogenase 

in ovarian granular cells, increased response to gonadotropins or an increase in 17-

hydroxylase and 17-20-lyase activity [1, 4]. Elevated insulin levels can lead to increased 

testosterone production in the ovaries, which can result in, among others, the development of 

ovarian cysts, menstrual disorders or excessive hair growth [30]. An in vitro experiment on 

skin fibroblasts gave insight into the cellular and molecular mechanisms of insulin action in 

PCOS [31]. Other in vitro studies, this time on adipocytes and skeletal muscle, have shown an 

increase in subcutaneous adipocytes in both slim and obese women with PCOS. The number 

of insulin adipocyte receptors or their affinity in PCOS patients was similar to control 

[32]however, a reduced number of insulin receptor beta subunits in visceral fat in women with 

syndrome [33]. 

 

Metabolic syndrome 

Reduced insulin sensitivity is considered to be one of the major pathogenetic factors of 

metabolic syndrome. It is important because the alternative name for the metabolic syndrome 

is "insulin resistance syndrome" [34]. The prevalence of the disorder increases with age, in 

people over 60 years old is about 40%. MetS significantly increases the risk of developing 

coronary heart disease. Other consequences include: thrombophilia, endothelial dysfunction, 

decreased adiponectin A1, fatty liver, inflammation, increased uric acid, leptin, fibrinogen, 

LDL-C and increased alanine aminotransferase [35]. Genetic and environmental factors play 

an important role in the pathogenesis of the metabolic syndrome. The conducted genetic 

studies have proved the importance of gene polymorphisms associated with PPARγ nuclear 

receptors, including increasing insulin sensitivity and regulating adipogenesis [36]. Other 

genes include the resistin gene and the calpain 10 gene. Environmental factors include 

physical inactivity and poor nutrition resulting in overweight and obesity. Obesity and 

overweight, in particular its visceral type, lead to insulin resistance and compulsive 

hyperinsulinemia [4]. 

 

Cardiovascular diseases (CVD) 

Correlation between insulin resistance and the occurrence of coronary artery disease, 

atherosclerosis and cardiovascular mortality has been demonstrated in many studies [37–43]. 

The first study was The Insulin Resistance Atherosclerosis Study (IRAS), which aimed to 

assess the relationship between insulin sensitivity and atherosclerosis based on ultrasound 

thickness measurement of the intima-media carotid complex. A higher insulin sensitivity 

index has been shown to be negatively correlated with atherosclerosis. This effect is partly 
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dependent on classic cardiovascular risk factors. There was no statistically significant 

relationship between insulin sensitivity and IMT in black people [44]. In turn, the Helsinki 

Policemen Study observational study, which lasted 22 years, showed a correlation between 

insulin resistance and the occurrence of coronary heart disease [45]. Després et al. 

[46]confirmed that hyperinsulinemia is an independent risk factor for coronary heart disease. 

In turn, the Paris Prospective Study [47, 48] provided information that elevated fasting insulin 

concentration positively correlates with the risk of death from cardiovascular causes 

regardless of other risk factors. 

 

Treatment 

The goal of the treatment is not only to reduce insulin resistance, but also to protect pancreatic 

β cells. The loss of β-cell’s function is due to several factors: genetic and acquired 

(glucotoxicity, lipotoxicity and incretin deficiency). Modification of genetic factors may 

prove to be the future of medicine, while at the moment one can influence factors acquired 

through: 

● weight loss - lifestyle change, drug therapy and bariatric surgery, 

● increased physical activity, 

● diet restrictions 

● drugs 

Studies have shown that the total weight loss increases insulin sensitivity, inhibits the 

progression of prediabetes to diabetes and protects pancreatic β cells. 

In the case of nutritional changes, it is important to include increased consumption of low 

energy density foods, individual selection of energy supply depending on age, sex and level of 

physical activity. The low glycemic index menu is the least stimulating diet for insulin 

secretion. 

For physical exertion, the most recommended form is moderate exercise, carried out for at 

least half an hour 5 times a week, or intensive exercise carried out for at least 20 minutes 3 

times a week. In addition to following a proper diet and increased physical activity, 

pharmacological therapy is also important. Metformin is a drug that decreases insulin 

resistance. 

The action of this substance is pleiotropic and includes, among others: 

- lowering glucose levels 

- weight loss due to decreased appetite 

- reduction of total cholesterol and triglycerides in serum 

- an increase in insulin sensitivity of hepatocytes and myocytes and a decrease in the 

frequency of progression of prediabetes to type 2 diabetes 

- inhibiting the formation and accumulation of end products of advanced protein glycation 

Metformin is the primary hypoglycemic drug that is usually introduced first in patients with 

type 2 diabetes and increasingly in patients with type 1 diabetes associated with overweight / 

obesity. It has been shown that treatment with metformin of patients with diabetes reduces, 

among others, risk of cardiovascular complications and overall mortality compared to other 

drugs such as insulin or sulfonylurea [49, 50].  
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Treatment with metformin should be started at low doses to avoid gastrointestinal side effects 

(abdominal discomfort, metallic aftertaste, loose stools, nausea). However, clinical practice 

has shown that side effects are rare and generally transient [51]. 

Patients with insulin resistance are advised to gradually lose weight - by 5-10% in each year 

of therapy until they reach normal weight (BMI <25 kg / m2). Most patients require a 

reduction in existing obesity. The optimal weight loss rate is 0.5-1 kg per week. It is important 

to change your long-term eating habits and not achieve results in a short time. Weight 

reduction is mainly carried out by limiting food rations, cyclical meals and daily exercise [52, 

53]. 

Hope for better glycemic control is given by studies on the genetic reprogramming of human 

cells [54] and the possibility of using the batatrofin hormone [55]. It is likely that the use of 

this hormone once a month, and maybe even once a year, will help keep pancreatic β cells 

active. This will allow you to regulate your plasma glucose levels at a level that matches daily 

insulin therapy. 
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