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Consider 

whether the IR index is 

the primary endpoint or 

secondary interest.



Methods of assessing IR

Simple Indexes

IR
Dynamic Tests

• Hyperinsulinemic euglycemic clamp test

• Frequently sampled intravenous glucose 
tolerance test



• Reference techniques

- Hyperinsulinemic Euglycemic Clamp (HEC): gold standard

- Frequently sampled intravenous glucose tolerance (FSIVGTT): silver

• Number of subjects

- reference techniques: generally unsuitable for epidemiological 

studies involving large numbers of subjects.

• Glycemic status of subjects

- subjects with diabetes: HEC or insulin-modified FSIVGTT

• Budget, Materials and Equipment

General considerations
for choosing the appropriate technique 



Different types of 
insulin resistance studies



Indexes of Insulin Resistance

• Studies in which simple indexes of insulin resistance may be used

- Large clinical practice and epidemiological investigations

- Where the assessment of direct IR is not required

- Where the outcome of IR is of secondary interest

- Where the requirement of reference techniques are not available 

(e.g. equipment, trained staff, enough budget)

- Where a new simple index is under evaluation

- Investigating validity and pitfalls of simple indices in specific clinical 

conditions



Simple Surrogate Indexes

• Most commonly used indexes

• Simple, cost-effective

• Assess hepatic IR more than 

peripheral insulin sensitivity

• Reliable : subjects with sufficient 

insulin secretion

• Unreliable: elderly, uncontrolled 

diabetes or type 1 diabetes

Fasting sample derived
Title in here

• Correlate with the clamp study

• Validated in different populations

• Evaluate several parameters

• Potentially be confounded by 

physiological factors 

- Rate of glucose absorption

- Endogenous insulin secretion in 

response to glucose and incretins

OGTT derived



Index Formula

HOMA-IR (I0 X G0)/22.5

QUICKI 1/[log I0 + logG0]

Raynaud 40/ I0

IGR I0/ G0

ISIbasal 104/ (I0 X G0)

Bennett’s 1/(log I0 × log G0) 

Indexes derived from fasting values



Indexes derived from OGTT 

Index Formula

Matsuda 104/(G0x I0x mean GOGTT x mean IOGTT)
0.5

Stumvoll(0,120) 0.156 − 0.0000459× I120 − 0.000321× I0 − 0.00541× G120

Stumvoll with 
demographics

0.222 − 0.00333× BMI − 0.0000779× I120 − 0.000422× age 

Stumvoll MCR OGTT 18.8 − 0.271× BMI − 0.0052× I120 − 0.27× G90

Stumvoll ISI OGTT 0.226 − 0.0032× BMI − 0.0000645× I120 − 0.00375× G90

IGR2h I120/G120

ISI2h 104/(I120 × G120) 

SIisOGTT 1/[log(G0 + G30+ G90+ G120)+ log(I0 + I30+ I90+ I120)] 



is being assessed?

• General population

• High risk group

• Diabetics

• Other specific population

Who



General Population



HOMA index

• HOMA: useful in large epidemiological studies by demonstrating 
good correlations with clamp results in several populations.

• HOMA2 on the Oxford University website, now allows the estimation 
of steady-state beta-cell function (%B) and insulin sensitivity (%S) 
as percentages of a normal reference population.

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

Glucose Insulin HOMA2 %B HOMA2 %S HOMA2 IR

4.9 53.8 99.5 99.9 1.0

4.7 50.0 102.9 108.6 0.9



Insulin Resistance and Risk of Incident Cardiovascular
Events in Adults without Diabetes: Meta-Analysis

• Meta analysis: 65 studies (involving 516,325 participants)

PLoS One 2012;7(12)

The relative risk of CHD, CVD was higher in HOMA-IR compared to 

fasting glucose or fasting insulin concentration. 

The HOMA-IR could be useful to predict the CV risk.



HOMA and CV risk factors

• 605 Iranian subjects aged 25–79 yrs

• With normal fasting glucose and normal glucose tolerance

Clin Chim Acta. 2006 371(1-2)

• HOMA-IR is associated with the features of metabolic syndrome



Insulin resistance and risk of ischemic stroke

• Cohort of 1,509 non-diabetic participants from the Northern 
Manhattan Study, follow-up of 8.5 years

Arch Neurol. 2010 67(10)

Insulin resistance estimated using the HOMA is a marker of 

increased risk of incident stroke in non-diabetic individuals. 



Multiethnic Cohort of Women

• The Women’s Health Initiative Observational Study

• 82,069 women (50-79 yrs), free of CV disease or diabetes

• Median f/u 5.9 yrs (1,584 diabetic vs. 2,198 matched controls)

Diabetes Care. 2007 30(7)

• High HOMA-IR and low HOMA-B were independently and 
consistently associated with an increased diabetes risk in a 
multiethnic cohort of U.S. postmenopausal women. 

• These data suggest the value of HOMA indexes for diabetes risk in 
epidemiologic studies.



Fasting Insulin

1) healthy subjects

- increased fasting insulin levels correspond to insulin resistance

- 1/fasting insulin: insulin sensitivity

2) diabetic or glucose-intolerant subjects

- not cover inappropriately low insulin secretion in the face of 

hyperglycemia



Fasting plasma insulin

• 758 healthy individuals. (83% Hispanic Whites)

Acta Diabetol 2013

• Fasting plasma insulin (FPI) and HOMA-IR are highly correlated in 

non-diabetic individuals.

• Calculation of HOMA-IR does not provide a better surrogate 

estimate of insulin action, or of its associated dyslipidemia, than 

measurement of FPI. 



Postprandial method based on OGTT

• 90 nonobese, nondiabetic, and nonsmoker individuals 

Metabolism. 2011, 60(5)

• Early identification of IR by OGTT was associated with other cardiovascular 

risk factors. The OGTT is a simple method that could be applied to 

accurately identify IR subjects in the general population



Association of Insulin Resistance Indexes to 
Carotid Intima–Media Thickness

• 847 non-diabetic Caucasians

PLoS One. 2013;8(1)

The Stumvoll ISIOGTT index correlated more strongly than other 

validated surrogates indexes of IR with carotid IMT, and, therefore, 

it might be a significant indicator of vascular damage.



High Risk Group



Diabetes Risk in Mexican-Americans

• The San Antonio Heart Study (longitudinal population-based study 
with a follow-up period of 7.5 yr)

• 1,540 non-diabetic (25-64 yrs)

• Mexican-Americans vs. Non-Hispanic whites

JCEM 2012 97(3)

• Matsuda index is better than HOMA-IR for both explaining the 

ethnic difference and predicting diabetes.



Urban South African blacks 

• HOMA-IR, log HOMA-IR, and QUICKI from OGTT

• Glucose disposal rate (M) from the clamp study

Diab Vasc Dis Res. 2010 7(2)

Log HOMA IR and QUICKI were comparable to the 

hyperinsulinaemic euglycaemic glucose clamp and 

these surrogate indexes provided a valid method to estimate 

insulin sensitivity/resistance.



IR and CV risk in Finnish offspring of T2DM

• 272 nondiabetic Finnish offspring of type 2 diabetic individuals 

(age, 24-50 yrs, 55% female)

JCEM 2010 95(11)

Surrogate indexes are valid measures of insulin resistance. 

Multiple sampling times during an OGTT may not be mandatory 

to adequately estimate insulin resistance in clinical and 

epidemiological studies.



Comparison of insulin sensitivity measures
in South Asians

• 23 South Asians vs. 18 Caucasians (age, BMI matched)

Metabolism 2013 62(10)

In South Asians, 

Matsuda index, HOMA-IR, QUICKI, and triglyceride/HDL ratio offer 

simple and valid surrogate measures of insulin sensitivity 

that can be employed in larger clinical or epidemiological studies in 

this ethnic group.



Insulin resistance in women with PCOS

• 62 non-diabetic women with PCOS

• Compare M value from clamp study vs. various IR indices

DMJ 30(4), 2006

• MCRest-OGTT and ISIest-OGTT were the most reliable and easily 

accessible insulin sensitivity indexes for measuring of insulin 

sensitivity in women with PCOS regardless of obesity.



Diabetic Patients



Patients with hypertension and type2 DM
• 78 Greek patients with hypertension and type 2 diabetes

J Hum Hypertens. 2007 Sep;21(9)

HOMA-IR, 1/HOMA-IR and QUICKI are valid estimates of clamp-derived IS.



Patient with type 2 diabetes on insulin therapy

• 156 Japanese type 2 diabetics (60±11 yrs, A1C 9.4± 1.7%)

HOMA-IR is a useful test for the evaluation of insulin sensitivity 

even in patients with type 2 diabetes treated with insulin.



Limitation of the validity of HOMA

• Korean subjects with type 2 diabetes (n = 47), impaired glucose 
tolerance (n = 21), and normal glucose tolerance (n = 22)

Metabolism. 2005 54(2)

The limitation of the validity of the HOMA-IR should be carefully 

considered in subjects with a lower BMI, a lower beta cell 

function, and high fasting glucose levels such as lean type 2 

diabetes mellitus with insulin secretory defects



• The simple indexes of insulin resistance, 

even derived from fasting samples, 

are useful in most cases 

except specific population.




