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Abstract 
Insulin resistance is a state in which there are impaired biological and physiological responses to 

insulin in tissue. In its early stages, there is a compensatory increase in insulin concentrations. 

Although hyperinsulinemia may compensate for resistance to some biological actions of insulin, it may 

result in over expression of actions in tissues that retain normal or minimally impaired sensitivity to 

insulin. This metabolic dysfunction leads to a cluster of abnormalities with serious clinical 

consequences – most importantly, cardiovascular disease (CVD), chronic kidney disease and type 2 

diabetes. 
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Introduction 
Insulin Resistance (IR) is considered as a pathological condition in which cells fail to 

respond normally to the hormones insulin. To prevent hyperglycemia and noticeable organ 

damage over time, the body produces insulin when glucose starts to be released in to the 

blood stream, primarily from the digestion of carbohydrates in the diet. Under normal 

conditions of insulin reactivity, this insulin response triggers glucose being taken in to body 

cells, to be used for energy and inhibits the body from using fat for energy, thereby causing 

the concentration of glucose in the blood to decrease as a result, staying within the normal 

range even when a large amount of carbohydrates is consumed. Carbohydrates comprise 

simple sugar, i.e. monosaccharides, such as glucose and fructose, disaccharides, such as cane 

sugar, and polysaccharides, e.g. starches [1, 2]. 

 

 
 

Fig 1: Insulin Resistance 

 

Fructose, which is metabolized in to triglycerides in the liver, stimulates insulin production 

through another mechanism and can have a more potent effect than other carbohydrates [3]. A 

habitually high intake of carbohydrates and particularly fructose, e.g. with sweetened 

beverage, contributes to insulin resistance and has been linked to weight gain and obesity [4, 

5]. If excess blood sugar is not sufficiently absorbed by cell even in the presence of insulin, 

the increase in the levels of blood sugar can result in the classic hyperglycemia triad of 

polyphagia (increased appetite), polydipsia (increase thirst) and Polyuria (increase urination). 

Avoiding carbohydrates and sugar, a no carbohydrate diet or fasting can reverse insulin 

resistance [6]. 

 

History 

In 1889 German scientists Minkowski and von Mering noted, from their experimental work 

with animals, that total pancreatectomy led to the development of severe diabetes. 



International Journal of Homoeopathic Sciences 

~ 28 ~ 

They hypothesised that a substance secreted by the pancreas 

was responsible for metabolic control. Others later refined 

this hypothesis, noting diabetes to be associated with 

destruction of the islets of Langerhans. While Minkowski, 

as well as Zuelzer in Germany and Scott in the USA 

attempted, with inconsistent results, to isolate and 

administer the missing pancreatic islet substance, Belgian 

investigator de Meyer in 1909 proposed the name 

“insuline”, as did British researcher Schaefer in 1916. 

Finally in 1921, a decade later, insulin was finally isolated, 

purified and available in a form capable of therapeutic 

administration. In May 1921, Toronto surgeon Banting, 

assisted by medical student Best, and under the supervision 

of McLeod, Professor of Carbohydrate Metabolism, began 

experiments in dogs. They administered chilled saline 

extracts of pancreas intravenously to dogs rendered diabetic 

by pancreatectomy and observed lowering of blood glucose. 

In December 1921 this work was presented to the American 

Physiological Association, and biochemist Collip, who had 

joined the team, further demonstrated that this extract also 

restored hepatic glycogen mobilisation and the capacity to 

clear ketones. One month later, in January 1922 the fi rst 

human experiments began on a 14 year old diabetic boy 

whose clinical symptoms and biochemical abnormalities 

were essentially reversed by administration of the pancreatic 

isolate.  

In May 1922, the active component had been named insulin, 

and the results of these experiments presented to the 

Association of American Physicians. Eli Lilly subsequently 

began production of porcine insulin, enhancing purification 

through iso electric precipitation, making commercial 

quantities by early 1923. The Nobel Prize was awarded in 

1923 to Banting and McLeod [7]. 

 

Causes 
There are many factors lead to development of insulin 

resistance. The major leading causes are overweight, 

sedentary life style and genetic factors. Some other factors 

contribute in some ways of development of insulin 

resistance. Most important are obesity, physical inactivity, 

and genetic factors. Other factors that may affect the degree 

of insulin resistance are diet composition, aging, and 

hormones (particularly glucocorticoids and androgens). 

High carbohydrate diets reproduce some of the features of 

the metabolic syndrome [8]. There are several factors that are 

postulated after several studies that cause insulin resistance. 

There are three main ones that converge on common 

pathways that inhibit insulin action. They are:  

1. The accumulation of ectopic lipids and its metabolites. 

2. The development of ‘ER stress’ and the activation of 

the unfolded Protein response. 

3. The contribution of systemic low grade inflammation. 

These are complex metabolic processes that have been 

extensively studied. 

Association of ectopic lipid accumulation and insulin 

resistance has been universally established. It acts at the 

glucose transport level GLUT4 at the cell membrane that 

responds to insulin signalling thereby impairing insulin 

signalling. The activation of the unfolded protein response 

(UPR) also known as endoplasm reticulum stress which 

positively gives cells the capacity to adapt to changes 

especially the b-cells of islet. But in liver and adipose tissue 

especially, activation of the Jun-N-Kinase 1(JNK1) causes 

the serine phosporylation of insulin receptor substrate 1 at a 

key serine, leading to impaired insulin signaling [9]. 

 

Pathophysiology 

One of insulin's functions is to regulate delivery of glucose 

into cells to provide them with energy. Insulin resistant cells 

cannot take in glucose, amino acids and fatty acids. Thus, 

glucose, fatty acids and amino acids 'leak' out of the cells. A 

decrease in insulin/glucagon ratio inhibits glycolysis which 

in turn decreases energy production. The resulting increase 

in blood glucose may raise levels outside the normal range 

and cause adverse health effects, depending on dietary 

conditions. Certain cell types such as fat and muscle cells 

require insulin to absorb glucose. When these cells fail to 

respond adequately to circulating insulin, blood glucose 

levels rise [10]. The liver helps regulate glucose levels by 

reducing its secretion of glucose in the presence of insulin. 

The normal reduction in the liver’s glucose production may 

not occur in people with insulin resistance [11-13].  

 

 
 

Fig 2: Healthy and Insulin resistance 

 

Insulin resistance in muscle and fat cells reduces glucose 

uptake (and also local storage of glucose as glycogen and 

triglycerides, respectively), whereas insulin resistance in 

liver cells results in reduced glycogen synthesis and storage 

and also a failure to suppress glucose production and release 

in to the blood. Insulin resistance normally refers to reduced 

glucose lowering effects insulin. However, other functions 

of insulin can also be affected. For example, insulin 

resistance in fat cells reduces the normal effects of insulin 

on lipids and results in reduced up take of circulating lipids 

and increased hydrolysis of stored triglycerides. Increased 

mobilization of stored lipids in these cells elevates free fatty 

acids in the blood plasma. Elevated blood fatty acid 

concentrations (associated with insulin resistance and 

diabetes mellitus type 2).], reduced muscle glucose uptake, 

and increased liver glucose production all contribute to 

elevated blood glucose levels. High plasma levels of insulin 

and glucose due to insulin resistance are a major component 

of the metabolic syndrome. If insulin resistance exists, more 

insulin needs to be secreted by the pancreas. If this 

compensatory increase does not occur, blood glucose 

concentrations increase and type 2 diabetes or latent 

autoimmune diabetes of adults occur [14]. 

Any food or drink containing glucose (or the digestible 

carbohydrates that contain it, such as sucrose, starch etc.,) 

causes blood glucose levels to increase. In normal 

metabolism, the elevated blood glucose level instructs beta 

cells in the islets of langerhans, located in the pancreas, to 

release insulin in to the blood. The insulin, in turn, makes 
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insulin sensitive tissues in the body (primarily skeletal 

muscle cells, adipose tissue and liver) absorb glucose, and 

thereby lower the blood glucose level. The beta cells reduce 

insulin out put as the blood glucose level falls, allowing 

blood glucose to settle at a constant of approximately 5 

mmol/L (90mg/dL). In an insulin resistance person, normal 

levels of insulin do not have the same effect in controlling 

blood glucose levels. During the compensated phase on 

insulin resistance, insulin levels are higher, and blood 

glucose levels are still maintained. If compensatory insulin 

secretion fails, then either fasting (impaired fasting glucose) 

or postprandial (impaired glucose tolerance) glucose 

concentration increase. Eventually, type 2 diabetes or latent 

autoimmune diabetes occurs when glucose levels become 

higher throughout the day as the resistance increases and 

compensatory insulin secretion fails. The elevated insulin 

levels also have additional effects that cause further 

abnormal biological effects throughout the body [15]. 

The most common type of insulin resistance is associated 

with overweight and obesity in a condition known as the 

metabolic syndrome. Insulin resistance often progresses to 

full type 2 diabetes mellitus or latent autoimmune diabetes 

of adults. This often is seen when hyperglycemia develops 

after a meal, when pancreatic beta cells are unable to 

produce sufficient insulin to maintain normal blood sugar 

levels in the face of insulin resistance. The inability of the 

beta cells to produce sufficient insulin in a condition of 

hyperglycemia is what characterizes the transition from 

insulin resistance to type 2 diabetes mellitus. Various 

disease states make body tissues more resistant to the 

actions of insulin. Examples include infection (mediated by 

the cytokine TNF alfa) and acidosis. Recent research is 

investigating the roles of adipokines (the cytokines 

produced by adipose tissue) in insulin resistance. Certain 

drugs also may be associated with insulin resistance (e.g. 

glucocorticoids). 

The presence of insulin leads to a kind of insulin resistance 

every time a cell exposed to insulin, the production of 

GLUT4 (glucose transporter type 4) on the membrane of the 

cell decreases somewhat. In the presence of a higher than 

usual levels of insulin (generally caused by insulin 

resistance), this down regulation acts as a kind of positive 

feedback, increasing the need for insulin. Exercise reverses 

this process in muscle tissue, but if it is left unchecked, it 

may contribute to insulin resistance. Elevated blood levels 

of glucose-regardless of cause-lead to increase glycation of 

proteins with changes, only a few of which are understood 

in any detail, in protein function throughout the body. 

Insulin resistance often is found in people with visceral 

adiposity (i.e., a high degree of fatty tissue within the 

abdomen-as distinct from subcutaneous adiposity or fat 

between the skin and the muscle wall, especially elsewhere 

on the body, such as hips or thighs), hypertension, 

hyperglycemia and dyslipidemia involving elevated 

triglycerides, small dense low density lipoprotein (SDLDL) 

particles and decreased HDL cholesterol levels. With 

respect to visceral adiposity, a great deal of evidence 

suggests two strong links with insulin resistance. 

First, unlike subcutaneous adipose tissue, visceral adipose 

cells produce significant amounts of proinflammatory 

cytokines such as tumor necrosis factor alpha and 

interleukins-1 and 6 etc. in numerous experiment models, 

these proinflammatory cytokines disrupt normal insulin 

action in fat and muscle cells, and may be a major factor in 

causing the whole body insulin resistance observed in 

patients with visceral adiposity. Much of the attention on 

production of proinflammatory cytokines has focused on the 

IKK beta/ NF kappa B pathway, a protein network that 

enhances transcription of inflammatory markers and 

mediators that may cause insulin resistance. Second, 

visceral adiposity is related to an accumulation of fat in the 

liver, a condition known as non-alcoholic fatty liver disease 

(NAFLD). The result of NAFLD is an excessive release of 

free fatty acids into the bloodstream (due to increased 

lipolysis), and an increase in hepatic glycogenolysis and 

hepatic glucose production, both of which have the effect of 

exacerbating peripheral insulin resistance and increasing the 

likelihood of type 2 diabetes mellitus. Also, insulin 

resistance often is associated with a hypercoagulable state 

(impaired fibrinolysis) and increased inflammatory cytokine 

levels [16].  

 

Diagnosis 

Fasting insulin levels 

A fasting serum insulin level greater than 25 mU/L or 174 

pmol/L is considered insulin resistance. The same levels 

apply three hours after the last meal.  

 

Glucose tolerance testing 

During a glucose tolerance test (GTT), which may be used 

diagnose diabetes mellitus, a fasting patient takes a 75 gram 

oral dose of glucose. Then blood glucose levels are 

measured over the following two hours. Interpretation is 

base on world health organization guidelines. After two 

hours a glycemia less than 7.8 mmol/L (140 mg/dL) is 

considered normal, a glycemic of between 7.8 and 11.o 

mmol/L (140 to 197 mg/dl) is considered as impaired 

glucose tolerance (IGT), and a glycemia of greater than or 

equal to 11.1 mmol?L (200 mg/dL) is considered diabetes 

mellitus. An oral glucose tolerance test (OGTT) may be 

normal or mildly abnormal in simple insulin resistance. 

Often, there are raised glucose levels in the early 

measurements, reflecting the loss of a postprandial peak 

(after the meal) in insulin production. Extension of the 

testing (for several more hours) may reveal a hypoglycemic 

‘dip’ that is a result of an overshoot in insulin production 

after the failure of the physiologic postprandial insulin 

response [17]. 

 

Conclusion 

A century or more since research into this field began in 

earnest neither the significance nor the medical and 

scientific interest in this area has waned. Instead, rapid 

globalization, urbanization and industrialization have 

spawned epidemics of obesity, diabetes and their attendant 

co morbidities, as physical inactivity and “convenience” 

foods unmask latent predisposing genetic traits. The 

biological mechanisms are intricate and complex and 

incompletely understood. However, taking a step back, we 

may need to consider the dramatic social changes of the past 

century with respect to physical activity, diet, work, 

socialization and sleep patterns. Aside from the challenges 

that remain in unraveling the genetic and mechanistic 

factors, perhaps a greater challenge is creatively, to adapt 

contemporary lifestyles to our genetic makeup and 

physiological requirements. 
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