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Abstract 

Insulin resistance (IR) is lately a much debated and disputed subject. It is already 
well known that insulin resistance is involved in the metabolic syndrome, 
dyslipidemia, hypertension, dysfibrinolisis, but also in type 2 diabetes and 
cardiovascular disease. A number of clinical and biological markers can help us 
quantify insulin resistance. Among the clinical markers that are most frequently used 
in practice we can enumerate: waist circumference, waist circumference to hip 
circumference ratio and waist circumference to height ratio. A newly used marker is 
neck circumference that is an easier and cheaper method which does not change 
during the day as other indicators such as waist circumference do. Also Levine et al. 
observed an association between "chubby cheeks“ and increased visceral fat and 
indicated that these patients have a higher risk of metabolic complications and 
obesity. Biological markers of insulin resistance like Homeostasis Model 
Assessment-Insulin Resistance, Homeostasis Model Assessment-Adiponectin, 
triglycerides, adipocitokines  are extremely useful in quantifying IR. 
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Background 

Insulin resistance is increasingly involved 
in the metabolic syndrome, dyslipidemia, 
hypertension, dysfibrinolisis, but also in type 2 
diabetes and cardiovascular disease [1]. 
Shortly after the discovery of insulin and the 
beginning of using it in the treatment of 
diabetes it was observed that there is an 
interindividual variation in the effectiveness of 
insulin in reducing hyperglycemia. 

In 1939 Himsworth and Kerr classified, 
using the insulin-glucose test, patients in 

“insulin-sensitive "and" insulin-insensitive”. 
They believed that most cases of diabetes 
were represented by "insulin-insensitive” 
types, which now correspond to type 2 
diabetes. Yalow and Berson in 1960 
discovered radio-immunological determina-
tion of insulin and then Karam et al. using this 
method revealed the existence of insulin 
plasma values above normal after glucose load 
in obese individuals without diabetes [2]. 
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Clinical markers 

1. Waist Circumference (WC) 

Obesity is associated with IR in particular 
when the fat distribution is central. U.S. 
National Institutes of Health found that WC 
and abdominal fat are independent predictor 
factors for morbidity. A WC greater than 88 
cm is considered to be a high risk factor in 
females and 102 cm in males. WC is measured 
midway between iliac crest and rib rebord 
with a centimeter placed horizontally. It is 
considered that it is a more precise index than 
BMI in determining risk for diabetes and 
cardiovascular disease because even at a 
normal BMI, if WC is increased, the risk of 
developing cardiovascular disease or diabetes 
is high. Advantages of this method: a simple 
measure to implement and it does not involve 
high costs [3]. 

2. Body mass index (BMI)  

The first step in screening obesity was 
BMI, which was proposed as a parameter for 
assessment of weight, more than 150 years 
ago by Quetelet. BMI is an index calculated 
from the height and weight values. Although 
BMI does not measure directly adiposity (fatty 
tissue), trials have shown a correlation 
between BMI and direct measurement of fat 
mass, achieved by underwater weighting or 
other methods. Therefore, BMI can be 
considered as an alternative indirect measure 
of fat mass. In addition, BMI is a very simple 
and cheap method of analysis for assessing 
individual disease risk. BMI formula = Weight 
(W) (kg)/Height (H) ² (meters). Normal values 
are between 18, 5 and 24, 9 kg/ m². Values 
below 18,5 are considered underweight, 
between 30 and 24.9 overweight, 30 - 34,9 

first grade obesity, 35 - 39.9 second grade 
obesity and values ≥ 40 third grade obesity . 
The advantage of this index is the accuracy 
height and weight can be measured. Even at a 
normal BMI a high WC may be considered a 
risk factor [4]. 

3. Waist Circumference to Hip 
Circumference (HC) ratio 

Another index used is the WC/HC ratio 
whose normal values are <0.8 in female 
patients and < 1 in males patients. Waist 
circumference is measured midway between 
iliac crest and rib rebord and hip 
circumference at the trochanter`s level [5]. 
WC/HC ratio is strongly associated with BMI 
and parameters reflecting IR, a high ratio is 
associated with cardiovascular disease. 

4. Neck circumference and bust  

Freedman and Rimm believe that 
increased neck circumference and bust tend to 
be risk factors for diabetes in women 
independent of degree of overweight. Levine 
et al. observed an association between 
"chubby cheeks“ and increased visceral fat 
and indicated that these patients have a higher 
risk of metabolic complications and obesity. 
Following a study on a sample of 593 subjects 
from the town of Oulu in northern Finland, it 
was concluded that neck circumference is 
related to other anthropometric indices of 
obesity and also is associated with metabolic 
syndrome and insulin resistance. Neck 
circumference was measured with a flexible 
inch, above the cricoids cartilage with an 
accuracy of 1 mm. This measurement can be 
used in screening individuals with IR, is an 
easier and cheaper method that does not 
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change during the day as other indicators such 
as waist circumference do [6]. 

5. Waist Circumference to Height (H) 
ratio 

It is a simple anthropometric method, by 
which we can identify people with metabolic 
risk. 

A study in Japan on a sample of 6141 
males and 2137 females, showed that the 
WC/H ratio is an improved method of 
determining body fat distribution and a better 
index for prospective studies. This index 
correlates better with cardiovascular morbidity 
index and metabolic diseases. Normal values 
are < 0.5 [7].  

Biological markers 

1. Insulinemia  

Epidemiological studies have correlated 
serum insulin levels with risk of 
cardiovascular disease, identifying insulinemia 
as a marker of IR. Using the oral glucose-
tolerance test values of fasting insulin >15 
μU/ml with a peak of ≥150 μU insulin/ml and 
≥75 μU or/ml at 120 min after glucose load 
suggest IR.  

2. Glycemia/insulinemia ratio. 

IR manifests diversely as insulin effects 
are multiple, all body structures and 
metabolisms being affected. IR can be 
highlighted by several methods; the simplest 
method is calculating the blood glucose 
(mg/dl) /insulinemia (μU/ml) ratio. Normal 
values of this ratio are between 6 and 7, in 
type 2 diabetes the value falls below 6, often 
ranging between 3 and 5. Another method is 
to measure the hypoglycemic effect of 0.1U 

insulin/kg body. Blood glucose is measured 
initially, then every 3 -5 minutes between 0:15 
min. after insulin administration. IR is 
characterized by low or delayed hypoglycemic 
response. This test is also called "insulin 
tolerance test”. 

3. Homeostasis Model Assessment-
Insulin Resistance (HOMA - IR) 

The most commonly used in large-scale 
studies, Homeostasis Model Assessment 
Method allows the estimation of beta cell 
function and insulin resistance based on 
fasting glucose determination and insulinemia. 
HOMA is ≥ 2.4 in IR. 

HOMA - IR% = I x G/22,5 
I = basal insulin expressed in μU/ml  
G = fasting glucose expressed in mmol/l 

[5]. 

4. Homeostasis Model Assessment-
Adiponectin (HOMA-AD) 

This index is calculated from the product 
of serum insulin and plasma glucose levels 
divided by serum adiponectin levels. This 
study was performed on 117 Japanese subjects 
with various degrees of glucose tolerance and 
determined serum adiponectin levels and 
insulin sensitivity (M-value) by using the 
euglycemic hyperinsulinemic clamp 
technique. Values were more significantly 
correlated with HOMA-AD. In subjects with 
moderate hyperglycemia HOMA-AD showed 
a more significant correlation with the M-
value than HOMA-IR [10]. 

5. Modified Insulin Suppression Test  

Another measure of insulin resistance is 
the modified insulin suppression test 
developed by Gerald Raven at Stanford 
University. The test correlates well with the 
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euglycemic clamp with less operator-
dependent errors. Patients initially receive 25 
mcg of octreotide (Sandostatin) in 5 ml of 
normal saline over 3 to 5 min IV as an initial 
bolus, and then will be infused continuously 
with an intravenous infusion of somatostatin 
(0.27 μgm/m 2 /min) to suppress endogenous 
insulin and glucose secretion. Insulin and 20% 
glucose is then infused at rates of 32 and 
267 mg/m 2 /min, respectively. Blood glucose 
is checked at zero, 30, 60, 90, and 120 
minutes, and then every 10 minutes for the last 
half-hour of the test. These last 4 values are 
averaged to determine the steady-state plasma 
glucose level. Subjects with an SSPG greater 
than 150 mg/dl are considered to be insulin-
resistant [11]. 

6. IRI (Insulin Resistance Index) 

Insulin secretion during OGTT (oral 
glucose tolerance test) can be calculated by 
the following formula: AIR-OGTT = 
insulinemia / glucose. It can be calculated at 
30, 60, 90, 120 minutes during OGTT. Insulin 
secretor response during TTGIV (intravenous 
glucose tolerance test) can be calculated based 
on ratios of areas under the curve (AUC) 
above baseline, of insulinemia and glucose 
values AIR-TTGIV = AUC insulinemia / 
AUC glucose. It can be calculated at 10 min 
after glucose infusion (insulin secretor early 
response) or between 10-45 minutes (late 
insulin secretor response) [2]. 

7. Euglycemic hyperinsulinaemic (EH) 
clamp 

Euglycemic hyperinsulinaemic clamp 
(EH) clamp could be translated as "method of 
euglicemic hyperinsulinemia’, but this term is 
not yet naturalized in our “technical 

language". This assessment method is based 
on the amount of glucose needed to maintain 
normal glycemia during insulin infusion 
establishing and maintaining a constant, 
elevated insulinemia. Because infusion 
technique requires two venous lines and 
repeated determination of glucose and 
insulinemia, this method can be used only in 
research. This method investigates the 
sensitivity of tissues to insulin action and it is 
considered the standard method for measuring 
the IR [5]. 

8. Quantitative Insulin Sensitivity 
Check Index (QUICKI) 

 Although euglycemic hyperinsulinaemic 
(EH) clamp is the main method to measure 
insulin sensitivity, it is an expensive method 
used more in research. "Quantitative Insulin 
Sensitivity Check Index (Quicki)= 1/[log 

fasting insulinemia (μU/ml) + log fasting 
glicemia (mg/dl)]). QUICKI is ≤ 0,167 in IR 
[8]. 

9. Adiponectin  

Adipokin biomarkers are secreted by 
adipose tissue and act autocrine, paracrine or 
endocrine, adjusting metabolic flux to the 
amount of energy. Among all the molecules 
produced by adipocytes, adiponectin has 
attracted a particular attention, largely because 
its role of insulin sensitizing, antiatherogenic 
role and also because adiponectin deficiency is 
a cause of IR. Serum adiponectin level is 15% 
higher in women than in men [9]. Low levels 
of adiponectin were associated, both in animal 
models and human, with various 
atherosclerotic risk factors, hypertension, type 
2 diabetes, increased insulin resistance, high 
triglycerides and low HDL, obesity and 
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inflammation. The favorable effects of 
adiponectin associated with antiinflammatory 
effects, antiapoptotic effects, interstitial 
fibrosis inhibition make from adiponectin a 
promising therapeutic molecule. Depending 
on the values obtained we can assess the risk 
for insulin resistance and artheriosclerosis: 
values> 10mg/l: low risk of IR, 7-10 mg/l: 
normal, 4-7 mg/l: increased risk of IR, 
<4mg/l: high risk of IR [12]. 

10. Leptin  

Leptin was discovered in 1994 by Jeffrey 
M. Friedman and colleagues at Rockefeller 
University, through a study on obese mice 
[13]. Leptin plays a key role in regulating 
energy intake and energy expenditure, 
including appetite and metabolism. Leptin, ob 
gene product, is a hormone secreted by 
adipocytes. Animals displaying ob gene 
mutations are obese and lose weight when 
leptin is administered. Using a 
radioimunologic test, serum leptin was 
measured in 136 subjects with normal weight 
and 139 obese subjects. In obese subjects 
leptin levels were 31.3 ± 24.1 ng/ml compared 
to those with normal weight, where the values 
were 7.5 ± 9.3 ng/ml and the lowest value 
seen in an obese subject was 1.7 ng/ml [14]. 
Plasma level of leptin may be the most useful 
marker of IR, independent of the insulin 
plasma level. Leptin normal values <24 ng/ml 
in women and <10 ng/ml in men [15]. 

11. Leptin/adiponectin ratio 

Levels of leptin increases with obesity and 
the levels adiponectin decreases in obesity. 
Leptin/adiponectin ratio in clamp tests is 
related to Glucose Infusion Rate (GIR), thus 
this ratio is considered to have a higher 

accuracy than leptin, adiponectin or HOMA 
IR taken separately [12]. 

12. Triglycerides 

 Dyslipidemia of IR is characterized by 
increased trygliceridemia, LDL cholesterol 
and decreased plasma levels of HDL 
cholesterol. Postprandial hyperlipidemia is 
common in subjects with IR, likely by 
reducing chilomicrons lipolysis. TG 
accumulation was described as dangerous to 
certain tissues due to the so-called lipotoxicity 
specifically with action on pancreatic β cells. 
A direct relationship between IR and 
postprandial hyperlipidemia was demonstrated 
by Annuzzi et al. after the hyperinsulinemic 
clamp studies in type 2 diabetes. Normal 
levels of triglycerides are less than 150 mg/dl 
[16]. 

13. The triglycerides/high-density 
lipoprotein (HDL) cholesterol ratio. 

Triglycerides and the triglycerides/high-
density lipoprotein (HDL) cholesterol, are 
good surrogate markers to identify the IR in 
obese patients, according to a study Published 
in Annals of Internal Medicine. In this study 
BMI was calculated, fasting glucose, 
insulinemia, lipid and lipoprotein 
concentrations were dosed in 258 subjects 
without diabetes, overweight, with BMI ≥ 
25kg / m². Most useful markers of IR were 
serum concentration of triglycerides, 
triglyceride/HDL cholesterol and insulinemia. 
The benchmarks were: 

 Triglycerides: 1.47 mmol / l (130 mg / dl) 
(1mmol / l = 18mg/dl)  

 Triglycerides/HDL ratio: 3  

 Insulin: 109 pmol / l  
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These benchmarks had a sensitivity of 
67%, 57% and 68% and specificity of 64%, 
71% and 85% respectively. A triglyceride/ 
HDL cholesterol ratio increased, correlated 
with a high cardiovascular risk and IR, this 
marker being used in practice as an 
independent factor predictor for mortality and 
cardiovascular events. Triglycerides/(HDL) 
cholesterol ratio ≥ 3 in IR [17]. 

14. Fetuin-A  

Fetuin-A is a protein secreted by the liver 
that binds to its receptor and inhibits insulin 
action in vitro. High levels of this protein were 
associated with IR and the age group 70-79 
years was associated with increased incidence 
of diabetes, independent of other markers of 
IR [18]. 

15. Estimated Glucose Disposal Rate 
(eGDR)  

IR calculation and is estimated by Glucose 
Disposal Rates (eGDR) (mgkg⎯¹min⎯¹) after 
the formula has been validated from clamp 
studies [19]. 

eGDR = 24.31 – (12.22 xWHR) – (3.29 xHT) – 
(0.57xHbA1c) 

where: WHR waist-hip ratio, HT - 
hypertension history (yes = 1, no = 0), HbA1C 
- glycosylated hemoglobin A1c. 

In this study subjects where divided in 
three groups according to the likelyhood of 
insulin resistance: the lowest probability=1, 
the largest probability=3.  

eGDR values based on IR were: group 1= 
9.65 ± 2.99 mgkg-¹min-¹, group 2 = 8.02 ± 
1.39 mgkg-¹min-¹, and group 3 = 5.68 ± 2.16 
mgkg-¹min-¹ [19]. The results were: 

 Patients with metabolic syndrome (MS) 
have lower values than those without MS: 

eGDR (6.19 ± 1.5 mgkg-¹min-¹ versus 1.6 ± 
9.93 mgkg-¹min-¹). 

 The eGDR <8.77 mgkg-¹min-¹ has 100% 
sensitivity and 85.2% specificity for the 
diagnosis of MS in type 1 diabetes.  

 Patients with complications of diabetes have 
eGDR values <8.16 mgkg-¹min-¹. 

 EGDR level is significantly lower in 
patients with diabetic retinopathy (5.97 ± 
1.2 mgkg-¹min-¹), diabetic neuropathy (5.06 
± 0.4 mgkg-¹min-¹), or diabetic nephropathy 
(5.79 ± 1.5 mgkg-¹min-¹) compared with 
those without these complications (9.38 ± 
2.0 mgkg-¹min-¹, p <0.001; 9.26 ± 2.0 
mgkg-¹min-¹, p < 0.001 and 9.19 ± 2.2 
mgkg-¹min-¹, p <0.001) [20]. 

16. Alaninaminotransferase (ALT) and 
the γ-glutamyltransferase (GGT)  

Alaninaminotransferase (ALT) and γ-
glutamyltransferase (GGT) are significantly 
associated with IR and metabolic disorders 
among young obese men in Japan. ALT and 
GGT can be used as markers of insulin-
resistance-associated metabolic disorders in 
this cohort [21].  

17. C-reactive protein  

Recently, Winner has shown that high 
levels of reactive protein C are associated with 
components of metabolic syndrome such as 
low HDL cholesterol and increased value of 
the triglycerides / HDL-cholesterol ratio. C-
reactive protein (CRP) is positively correlated 
with obesity, with an increased BMI and with 
the metabolic syndrome. Values > 3mg/l are 
correlated with IR. 
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18. Rezistin 

Rezistin was associated with IR in obese 
mice. Serum levels of rezistin were correlated 
with IR, low HDL cholesterol, and high 
sensitivity CRP in the general population of 
Japan. Rezistin was correlated with the 
metabolic syndrome and with the presence of 
microangiopathy in type 2 diabetes [22].  

19. Steroid hormones have been 
associated with markers of IR [23] 

Glucocorticoids’ effects antagonize those 
of insulin. Also, visceral adipose tissue has 
more glucocorticoids’ receptors than the 
subcutaneous fat. In obese patients, the level 
of growth hormone (STH) is low, leading to 
an increased 11 beta-hydroxysteroid 
dehydrogenase-1 activity (11 HSD1) and more 
cortisol converted from cortisone. Omental 
adipose tissue contains high levels of 11 
HSD1, favoring the conversion. The insulin 
resistant subjects have high levels of urinary 
cortisol secondary to the lower levels of 
corticosteroid-binding globulin. Routine 
dosages of cortisol are recommended only 
when we suspect the Cushing's syndrome. 
Level of sex hormone binding proteins are 
usually reduced in IR, this condition leading to 
increased levels of free testosterone, 
hyperandrogenism, hirsutism expressed by 
acne and irregular menses in women. In men, 
an increased aromatization of androstendion in 
the adipose tissue leads to the increase of 
serum estradiol, causing gynecomastia.  

20. Insulin-like growth factor (IGF1)-
binding protein  

Insulin-like growth factor (IGF-1)-binding 
protein may be affected by obesity and IR. 
These children and adolescents usually present 

low values of IGF-binding protein, although 
the total value to IGF-1 is normal. This 
imbalance may lead to increased tissue 
bioavailability for IGF-1, increasing the 
hypoglycemic effect of insulin. These patients 
may present an accelerate linear growth and 
pseudo-acromegaly when the insulin 
resistance is severe.  

21. Ghrelin  

Ghrelin is a hormone produced mainly by 
P/D1 cells lining the fundus of the human 
stomachs which increases appetite and 
stimulates gastric emptying. Galli-
Tsinopoulou et al. have demonstrated that 
ghrelin, in obese children with IR, is 
significantly suppressed immediately after the 
intake of the glucose in the oral glucose 
tolerance test; ghrelin may be used as a marker 
of IR used in research. 

22. Retinol-binding protein 4  

Retinol-binding protein 4 is a newly 
identified adipokin which is secreted by the 
liver and adipocytes. A recent study in China 
showed a positive association with the 
metabolic syndrome, serum concentration of 
retinol-binding protein and its ratio to serum 
retinol correlated with obesity and IR.  

23. Interleukins  

IL-6 was associated with IR and may 
interfere with insulin signaling by inhibiting 
adipogenesis and adiponectin secretion. An 
increased level of IL-6 is present in obesity. 
IL-10 carries a protective role against 
atherosclerosis development in experimental 
animals; IL-10 was negatively linked with 
obesity, these subjects showing low values. 
TNFα is another cytokine that is related to IR. 



This cytokine induces lipolysis in adipose 
tissue, inhibits insulin signaling and influences 
the expression of genes that are important for 
the function of adipose cells. TNFα may also 
inhibit adiponectin synthesis and the release of 
fatty acids from fatty tissue, which affects the 
whole body energy homeostasis and insulin 

sensitivity.  
 Intracellular adhesion molecule-1 and 
vascular adhesion molecule E-selectin are 
biomarkers of the endothelial dysfunction. 
Obese children with IR may have increased 
levels of these markers [24]. 
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