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ABSTRACT 

Insulin resistance is a condition in which the decreased tissue sensitivity to insulin, which consequently leads to impaired 
glucose metabolism. This condition is the starting point for many chronic diseases, primarily type 2 diabetes, metabolic 
syndrome, PCOS, NAFLD and cardiovascular disease. This paper discusses the current state of knowledge on the effects of 
supplementation, diet and intermittent fasting on improving insulin sensitivity. The pathophysiological mechanisms of 
insulin resistance, diagnostic methods (including HOMA-IR, OGTT, metabolic clamp method), and its impact on the 
development and course of chronic diseases are presented. 
Special attention was given to supplements such as vitamin D, magnesium, zinc, Myo-inositol and omega-3 fatty acids, 
which through a variety of mechanisms can support glucose metabolism and improve insulin action. Also discussed was the 
role of caloric restriction and intermittent fasting, which have positive effects on body weight, metabolic profile and, most 
importantly, insulin sensitivity. 
The aim of the study was to highlight the importance of lifestyle modification and dietary interventions in the prevention and 
treatment of insulin resistance and its consequences. Due to the increasing prevalence of these disease entities in the general 
population, including among increasingly younger patients, it is necessary to implement appropriate preventive and 
therapeutic strategies in daily clinical practice. 
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Introduction 

The modern world, despite technological advances and increasing public awareness of one's own health, 

presents people with new challenges that increasingly lead to metabolic disorders. The lifestyle of most people 

is based on constant haste and stress, sedentary lifestyles and unlimited access to high-calorie, processed and 

nutrient-poor foods which is becoming a major factor in the development of insulin resistance and, 

consequently, obesity and many other metabolic diseases.1,2, 

More and more people are neglecting regular physical activity, healthy eating and sleep hygiene which 

is the cause of disturbed homeostasis of the body. Obesity, especially abdominal obesity, is one of the main 

factors causing insulin resistance and its formation strongly correlates with excessive caloric supply, lack of 

exercise and chronic stress. Excessive fatigue and persistent stress put the body in a constant state of readiness 

which further causes hormonal and inflammatory disorders consequently exacerbating insulin resistance. In 

turn, a sedentary lifestyle impairs the ability of muscles to uptake glucose which translates into permanently 

elevated blood glucose levels and causes excessive accumulation of visceral fat, which has a pro-inflammatory 

effect.32,39,40 

In an era of increasing incidence of disease and growing public awareness of their health, preventive 

measures are becoming increasingly important.Understanding the impact of lifestyle and, in particular, proper 

nutrition with simultaneous appropriately selected supplementation is important not only in the context of 

diseases of civilization, but also in the development of effective therapeutic strategies.,38,40 

This paper is a review, based on an analysis of clinical and observational studies found in PubMed, and 

indicates possible directions for intervention in daily medical practice. 
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Methods 

This study analyzed articles and studies found in PubMed using keywords such as “insulin resistance,” 

“insulin sensitivity,” “glucose metabolism,” “prediabetic state,” “type 2 diabetes,” “hyperinsulinemia.” 

“insulin resistance”, ‘metabolic syndrome’, ‘intermittent fasting’, ‘vitamin D in insulin resistance’, ‘myo-

inositol and PCOS’, ‘supplementation in insulin resistance’, ‘dietary window’, ‘glycemic index’. 

The work is based on randomized trials, meta-analyses and systematic reviews with publication from 

1995 to the present with special emphasis on papers published after 2000. 

 

Insulin sensitivity and insulin resistance 

Insulin sensitivity is the ability of cells to respond to insulin, the hormone responsible for regulating 

blood glucose levels. A high level of insulin sensitivity is key to maintaining normal metabolism and overall 

health, ensuring efficient glucose utilization and preventing excessive insulin production as a compensatory 

mechanism. Insulin sensitivity is multifactorial determined, influenced by aspects such as lifestyle, body 

weight and also the amount of sleep and stress. 31 

Insulin resistance is called a condition in which there is reduced sensitivity of target tissues in particular 

skeletal muscle, liver and adipose tissue to insulin despite normal or elevated serum levels. This results in 

impaired glucose metabolism consequently causing hyperglycemia and other metabolic disorders. 29 

 

Clinical implications of insulin resistance 

Insulin resistance is the starting point of many chronic diseases such as type 2 diabetes, polycystic 

ovarian syndrome, cardiovascular disease, metabolic syndrome or non-alcoholic fatty liver disease (NAFLD). 

There is growing evidence of the impact of insulin resistance on cognitive impairment through disorganization 

of glucose metabolism in the brain consequently leading to dementia or even Alzheimer's disease. Therefore, 

its early recognition and treatment is so important to prevent the development and progression of these 

conditions,43,44. 

Understanding the mechanisms that affect insulin sensitivity is essential for the diagnosis, treatment and, 

above all, prevention of such disease entities as type 2 diabetes, metabolic syndrome, atherosclerosis, non-

alcoholic fatty liver disease (NAFLD), chronic cardiovascular disease or polycystic ovary syndrome (PCOS) 

as well as dementia or Alzeimer's disease. 30,32,41 

 

Pathogenesis of insulin resistance 

Insulin resistance is defined as the inability of tissues to respond to normal insulin concentrations, i.e. 

higher concentrations of insulin are required to maintain adequate insulin action, that is, for cellular glucose 

uptake from plasma and glycogen synthesis 1,39,. 

There are several theories about the mechanisms of insulin resistance. After food intake, plasma glucose 

levels rise to a threshold value that stimulates pancreatic beta cells to secrete insulin. Under physiological 

conditions, insulin promotes glucose uptake in skeletal muscle and adipose tissue, it also affects fat metabolism 

by increasing triglyceride storage and decreases lipolysis. Insulin is also involved in the metabolism of ketone 

bodies, reducing their concentration and affecting protein metabolism. However, the prevailing sedentary 

lifestyle and excess food intake these days causes an unphysiological increase in plasma glucose levels. 

Chronic hyperglycemia disrupts the physiological state and causes a continuous buildup of insulin 

concentrations and eventually leads to chronic hyperinsulinemia, followed by pancreatic beta-cell failure and 

eventually diabetes,2,40. 

 

Diagnosis 

Early signs of insulin resistance that may indicate severe insulin resistance syndromes include 

characteristic phenotypic changes, which include skin lesions such as growths, dark acanthosis in the groin, 

abdomen or axilla, hyperpigmentation and epidermal thickening as well as abnormal adipose tissue 

topography, abnormal musculature, acromegaloid features and growth abnormalities38. 

Depending on the type of insulin resistance, the distribution of subcutaneous adipose tissue sometimes 

varies; excessive fat accumulation can be observed on the face and neck, on the trunk or abdomen, and a 

“buffalo hump” is also typical.28 
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The gold standard - the metabolic clamp method 

A test involving the intravenous infusion of insulin, maintaining its serum concentration at about 100 

Miu/L, and the intravenous infusion of glucose keeping the glycemia within the normal range, or about 

100mg/dl. This procedure results in complete blockage of insulin production by the pancreas and glucose 

production by the liver and so the amount of glucose administered reflects its tissue consumption i.e. indirectly 

the tissue sensitivity to insulin. The lower the glucose dose needed to maintain euglycemia, the greater the 

insulin resistance. 19,37 

 

HOMA-IR method 

The ratio of insulinemia to fasting glucose, which is the quotient of insulin concentration in uIU/ml and 

glucose concentration in mg/dl. A value > 0.3 indicates insulin resistance37. 

The HOMA-IR insulin resistance index is calculated according to the formula 

Insulinemia [Uj./ml] x glycemia [mmol/l]/22.537 

HOMA-IR under physiological conditions chooses 1.046 

Diagnostic values are assumed19: 

in adults a value >2.5 

in children and adolescents: 
a) At puberty 2.67 in boys, 2.22 in girls 

b) Before puberty 5.22 in boys 3.82 in girls19 

OGTT test 

The oral glucose load test, the current gold standard for diagnosing diabetes, which involves 

administering 75g of glucose orally on an empty stomach and then assessing fasting venous blood glucose 

levels and 2 hours after the load.45 

Measurement of insulin and glucose during a glucose load test where insulin resistance may be indicated by19: 

(i) fasting insulinemia value >15 (17) mIU/l 

(ii) insulinemia value at 120 minutes of the Test >75 mIU/l 

(iii) insulinemia value at any point in the test >150mIU/l19 

 

Supplementation 

Vitamin D 

In skeletal muscle, adipose tissue and liver, vitamin D increases insulin receptor expression thereby 

improving insulin sensitivity 3,4. 

A correlation between vitamin D deficiency and insulin resistance assessment has been proven in the 

HOMA-IR model, a measure of insulin resistance understood as the increase in insulin secretion required to 

maintain glycemia at normal levels, the inverse correlation becoming stronger in proportion to an increase in 

BMI5. It follows that vitamin D supplementation reduces the risk of insulin resistance. Vitamin D has also 

been shown to improve insulin receptor sensitivity and intracellular glucose transport6,7,8, 33,34,35. 

 

Magnesium 

Magnesium is a major cofactor of enzymatic reactions. It regulates insulin signaling through 

phosphorylation of insulin receptor kinase and postreceptor insulin action and cellular glucose uptake 9,10. 

Postreceptor insulin resistance is a clinical consequence of chronic magnesium deficiency 11. 

There are hypotheses that magnesium supplementation in deficient individuals may improve fasting and 

postprandial glycemia and increase insulin sensitivity. Unfortunately, there is no large randomized clinical trial 

to confirm these speculations.12 

 

Zinc 

This is an essential micronutrient responsible for the processing, storage and secretion and action of 

insulin in pancreatic cells. Deficiency of this element is associated with insulin resistance and diabetes13 

Based on a study on fifty-six women aged 25-45 years, BMI around 36 kg/m2 with documented insulin 

resistance, who supplemented with 30mg of zinc daily for 4 weeks, it was observed that there was a significant 

decrease in insulin and HOMA index in the zinc supplement group compared to placebo. Based on this, it is 

reasonable to believe that zinc supplementation has a beneficial effect on improving insulin sensitivity.14 
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Inositol 

Myo-inositol inhibits duodenal glucose uptake and lowers blood glucose levels by competitive affinity 

for the same transporter and also improves muscle glucose uptake.32 Insulin resistance causes increased urinary 

loss of Myo-inositol by inhibiting glucose-mediated renal reabsorption of Mio-inositol33. 

Decreased concentrations of Myo-inositol decrease concentrations of D-chiro-inositol and deficiency of 

both forms causes insulin resistance in skeletal muscle, adipose tissue and liver35. 

Abnormal concentrations of Myo-inositol and D-chiro-inositol in urine and plasma may be an early 

indicator of insulin resistance36. 

In a study involving 80 postmenopausal women with metabolic syndrome, supplementation with 2g of 

Myo-inositol daily resulted in lower blood glucose levels, lower insulin levels and normalization of the 

HOMA-IR index, and improvements in BMI and a reduction in waist circumference were observed compared 

to baseline values after 12 months of supplementation. 20% of the women no longer had metabolic syndrome34. 

Supplementation with 2g of myo-inositol daily for 8 weeks has been shown to regulate insulin levels 

and lower fasting glucose.15 

 

Polyunsaturated fatty acids 

Omega-3 fatty acids are essential nutrients, as they can only be supplied exogenously. They act as 
metabolic precursors necessary to control inflammation in the body.16 

Polyunsaturated omega-3 fatty acids include alpha-linolenic acid (ALA) and the longer-chain acids 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are obtained from seafood. Fatty acids 

are involved in the formation of cell membranes by maintaining their elasticity which aids intercellular 

communication and homeostasis of the body. Their main benefit is reducing inflammation, which is an 

important component of insulin resistance17 

Studies have shown that obese mice fed a high-fat diet rich in omega-3 fatty acids where 60% of calories 

came from fat for 12 weeks increased their glucose tolerance and insulin sensitivity18 

 

IR vs. diet 

Insulin resistance is in most cases closely related to obesity so calorie restriction is essential to reduce 

body weight and improve insulin sensitivity. Obesity treatment guidelines recommend a deficit of 500-750 

kcal/day in relation to total energy requirements, that is, the sum of basal metabolism and exercise-related 

energy expenditure. An average weight loss of 0.5-0.75 kg per week is recommended. US guidelines state that 

about 20-35% of daily calories should come from fat with a maximum of 10% from saturated fat, 15-20% 

from protein and the remainder from carbohydrates. For carbohydrates, it is emphasized to eat mainly complex 

carbohydrates and plenty of fresh fruits and vegetables.20,21 

When choosing a diet, the patient's dietary preferences should be taken into account mainly because in 

long-term follow-up (>1 year) it has been noted that weight loss is similar in both low-carbohydrate, 

Mediterranean, high-protein and low-glycemic index diets. A maintained caloric deficit plays a key role. 25 

CALERIE 2 is a multicenter, randomized study to evaluate the effects of caloric restriction of 11.9% on 

cardiometabolic risk factors for 2 years on 220 young and middle-aged (21-50 years) subjects. Participants 

were both men and women without obesity. During the 2-year period, the calorie-restricted study group 

achieved a 10% reduction in body weight, with 71% loss of body fat. A significant and sustained reduction in 

all measured cardiometabolic risk factors including glucose tolerance and insulin sensitivity index was 

observed in this group. Insulin sensitivity increased significantly and fasting glucose and glucose-stimulated 

insulin levels decreased.22,23. 

The CRON observational study, whose participants self-administered a caloric restriction of 1800 kcal/d 

with optimal nutrition for about 15 years. They noted extremely low fasting glucose and insulin levels and 

significant improvements in insulin sensitivity. 24 

 

Intermittent fasting 

Intermittent fasting means eating only within a certain time frame, outside of which a fasting period is 

in effect.28 

Intermittent fasting is able to reduce insulin resistance by reducing body weight due to restricted caloric 

intake. There is also a hypothesis that the restricted energy intake caused by intermittent fasting causes a 

prolonged decrease in insulin production which results in improved insulin sensitivity and glucose metabolism. 
25, 26 
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A study was conducted on eight healthy men who were subjected to 20-hour intermittent fasting every 

other day for 15 days. Their average BMI was about 26 and daily physical activity was constant. It was 

observed that insulin-dependent total glucose absorption increased after the 20-hour fast, and there were higher 

plasma levels of adiponectin, a hormone that improves insulin sensitivity. This study showed that intermittent 

fasting can accelerate insulin-dependent glucose uptake. 27 

 

Potential for future research 

Some of the findings are inconclusive, not all of the studies mentioned in this review consider the dosage 

of the indicated supplements, and studies examining the simultaneous use of several supplements and the sum 

effect of supplementation and diet simultaneously were not included.It is worth considering new treatments 

with modern techniques for treating obesity and diabetes and also consider combining different treatments 

simultaneously. Establish unequivocally the impact of intestinal dysbiosis on insulin resistance and the role of 

probiotic and prebiotic therapy in its treatment. Clarify the impact of gut microbiota transplantation. Elaborate 

on the potential of gene therapy or immunotherapy in the treatment of IR The mechanisms of insulin resistance 

should also be further investigated, taking into account genetic and molecular predispositions. Focus on the 

development of non-invasive tests for early detection of IR or the use of artificial intelligence that could 

estimate the risk of developing IR based on genetic or environmental factors. 
 

Conclusions and clinical implications 

This review underscores that insulin resistance is an increasingly commonly diagnosed metabolic 

disorder involving reduced tissue sensitivity to insulin action. Contemporary research clearly emphasizes the 

role of modifiable factors, primarily diet, supplementation and physical activity on tissue insulin sensitivity. 

The review presents evidence of the beneficial effects of supplementation with vitamin D, magnesium, 

zinc, myo-inositol and omega-3 fatty acids, which promote glucose metabolism and improve insulin 

sensitivity. Of equal importance are dietary interventions, both caloric deficit and the quality of food consumed 

and strategies such as intermittent fasting, which has been shown to have positive effects on metabolic 

parameters and insulin levels. 

Given the increasing prevalence of insulin resistance in the general population, especially among 

increasingly younger people, our priority should be to implement effective preventive and therapeutic 

strategies in clinical practice. Patient education, early diagnosis and individually tailored nutritional 

interventions and supplementation can effectively improve quality of life and reduce the risk of metabolic 

complications. 
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