
MATERIALS AND METHODS: 

SOURCES OF DATA COLLECTION:

 Study will be conducted in the Department of pharmacology with the collaboration of 

Department of General Medicine and Biochemistry in Rama Medical College, Hospital 

And Research Institute, Kanpur .U. P

 The study will be conducted only after, approval from the Institutional Ethical Committee, 

(IEC).A written informed consent, in the vernacular language, will be obtained from all 

the participants, upon fulfilling the inclusion criteria.

 Blood samples required will be collected and sent to the laboratory for necessary 

biochemical investigations. 

Calculation of Sample size & Statistical Analyses:-( 41) 

Sample size has been calculated in order to control type I &type II error. The sample size 

has been calculated using the formula:

 

n  Sample size  

z1  

z1

1 standard deviation of Group-I --0.5

2 standard deviation of Group-II--0.7 

1 Mean of group-- I1.9 

2 Mean of Group-II -- 2.3

Substituting the above values in the formula n , we have approximated it to 100per 

each group.

12



Data will be collected and entered in MS excel worksheets and results will be analysed with 

appropriate statistical tools like, tests of significance, logistic regression analysis-- using SPSS 

software.

Study Design: -Non- Randomized prospective clinical trial.

MATERIALS:

 Venous blood from diagnosed case of type-2 diabetes mellitus patients 

 Kit for estimation of blood glucose

 Kit for estimation of lipid profiles  

 Kit for estimation of renal profiles 

 Kit for estimation of hepatic profiles 

 Kit for estimation of plasma insulin  

 Kit for estimation of C-Peptide levels 

 Drugs used for in the study: -Metformin- 1-2gm, Glimepiride1-4mg, Teneligliptin 20-40mg.

 HOMA CALCULATOR 

QUICKI CALCULATOR

Grouping of patients: 

(a) Grouping of patients will be based on a treatment regimen 

The study groups were as follows:

Group I- Patients are treated with Metformin (1-2gm) 

Group II- Patients treated with combination of Metformin + Teneligliptin (1-2gm + 20-40mg)

Group III – patients treated with combination of Metformin +Glimepiride + Teneligliptin

(1-2gm + 1-4 mg + 20-40mg)
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(b) Assessment of the patients: 

(a) HbA1c

(b) Lipid profiles

(c) Renal profile

(d) Hepatic profile 

(e) Homeostasis Model Assessment- cell function)

(f) Homeostasis model assessment Insulin resistance (HOMA-IR), 

(g) Quantitative Insulin Check Index (QUICKI).

(c)INCLUSION AND EXCLUSION CRITERIA:

Inclusion Criteria: 

1. Subject with Type 2 Diabetes Mellitus. 

2. Age group between 35-60 years. 

Exclusion criteria: 

1. Persons suffering from acute and chronic infections.

2. Persons with type-1diabetes mellitus

3. Patients with any co-morbid conditions like hypertension and coronary arterydiseases. 

4. Pregnant subjects

5. Persons with type 2 diabetes mellitus who are / on insulin  
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STUDY DESIGN
 

Diagnosed case of Type 2 diabetes mellitus 

 

Baseline Blood glucose levels will be estimated 

Fasting blood glucose

Postprandial blood glucose 

&

Insulin Resistance (levels of Insulin & C-Peptide)

                                                                              

                     

         Lipid Profile               Renal Profile                                Hepatic Profile 

                                                                                

              Drugs will be prescribed based on blood glucose levels (Fasting & Postprandial)

                      

             Metformin         Metformin + Teneligliptin     Metformin + Glimepiride + Teneligliptin

              (1-2 gm)           (1-2 gm)    + (20-40 mg)        (1-2 gm)    +   (1-4 mg)   +  (20-40 mg)

 

After treatment with above drugs,blood glucose levels will be estimated for every 20 days, after 3 

months & 6 months of treatment all the above biochemical parameters will be estimated in each 

patients, over a period of 1 year. 

 

All the results will be estimated by applying significant Statistical tests usingSPSS software 

&HOMA & QUICKI calculators.

 

Reduction in percentage of insulin resistance and any marked changesthat may occur in

lipid, renal and hepatic profiles after treatment. 

 
 
 
 
 
 
 
 
 
 
 
 
 

15
 



Methods of Biochemical Estimations:  
 

Name 
Biochemical 

Method 

of of Normal
Parameter 

Test Estimation Range 
  

BLOOD Fasting Glucose GOD POD method(42) 
70-100mg/dl

GLUCOSE Postprandial blood glucose  >200mg/dl
   

 a) Total cholesterol Modified Roeschlau’s method(43) 130 – 220mg/dl

LIPID b) HDL Phosphotungstic acid method(44)
35 – 60 mg/dl 

Up to 130 mg/dl c) LDL  
  

 d) VLDL  Up to 35 mg/dl

 e) TGL Tinder Method(45)
30 – 170 mg/dl   

   

RENAL a) Serum Urea Berthelot method (46)
15 – 45 mg/dl

 b) Serum Creatinine Modified Jaffe’s method(47) 
0.4 – 1.5 mg/dl

    
 

a) Serum Bilirubin Modified Method of  Total: 0.3 – 1.10 mg/dl

 Pearlman&Lee Direct: 0.0 – 0.3 mg/dl 

b) SGOT Upto 40 u/l 

LIVER c) SGPT IFCC Method Upto 40 u/l 
d) ALP

40 – 130 u/l  
 
 
 
 
 

HOMA- C-peptide 0.51 – 2.71ng/mL
 

Enzyme    Linked Immuno 
 

HOMA- IR  
 

 Insulin Sorbent Assay - (ELISA)  
 

0.45-0.30QUICKI  
 
 
 



Estimation of Insulin Resistance:

Insulin resistance is accepted to be a major risk factor in the etiology of type 2 diabetes mellitus, 

dyslipidemia,hypertension, atherosclerotic vascular disease, and might be a risk factor 

forcoronary heart disease and stroke as well. (38) 

Cell Function: 

C-peptide is commonly used in preference to insulin measurement when assessing beta-cell 

function inclinical practice. (48) The first radioimmunoassay for C-peptide was developed in 1970. 
(49)

In patients on insulin, C-peptide measurement must be used as exogenous insulin will be 

detectedby insulin assays (50)

type -

between Type-

both types of diabetes. 

Though Acute insulin response (AIR) or AIRmax is 

cellfunction (51) as it requires a hyperglycaemic clamp technique which requires an artificial 

pancreas, limits its use in clinical setting, hence a marker obtained from a single blood sample 

would be more suitable,C-peptide is a peptide connecting the A and B chains of insulin structure. 

C-peptide is released from insulin by pro-hormone 

convertase. C- flecting 

endogenous insulin secretion. In contrast to insulin, C-peptide is not extracted by the liver and 

other organs. Consequently making the, C-peptide levels reflect endogenous insulin secretion more 

accurately than insulin. 

The measurement of serum C-peptide provides an accurate assessment of residual beta-cell 

function and thus has been widely used as a marker of insulin secretion in patients withdiabetes 
[52, 53].

The importance of measuring C-peptide has increased significantly in recent years with the 

evidence from the Diabetes Control and Complications Trial (DCCT) that higher C-peptide 

concentrations are associated with improved glycosylated hemoglobin (HbA1c) 

concentrations,reduced hypoglycemia, less retinopathy and less nephropathy [54].Thus C-peptide 

level can serveas an effective index for selecting a diabetic treatment. 
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It has been revealed that basal serum C-peptide levels are suitable indicators for determining 

the proper timing to introduce the intensive insulin therapy into Diabetes Mellitus patients [55].

-

peptidelevels,will be done by using thekit available for estimation of serum C-peptide by using 

enzyme immunoassay.

UNITS FOR C-PEPTIDE VALUES (56)

The use of very different measurement units for reporting C-peptide values can lead to confusion in 

clinical care. C-peptide is generally measured in nmol/l, pmol/l or ng/ml. 

 1 nmol/l = 1000 pmol/l = 3 ng/ml.

 The normal range for C-peptide test is 0.51 to 2.72 (ng/mL)
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Homeostasis Model Assessment-Insulin Resistance(HOMA-IR)(57)

It was first developed in 1985 by Matthews et al, which is a method used to quantify insulin 

resistance and beta-cell function from basal (fasting) glucose and insulin (or C-peptide) 

concentrations. HOMA is a model of the association of glucose and insulin dynamics that predicts 

fasting steady-state glucose and insulin concentrations for a wide range of possible combinations of 

- -cell response to 

glucose concentrations while, glucose concentrations are controlled by insulin-mediated glucose 

- -cell 

to glucose-stimulated insulin secretion. Similarly, insulin resistance is revealed by the diminished 

suppressive effect of insulin on hepatic glucose production.

The HOMA model has demonstrated to be a robust clinical and epidemiological tool for the 

assessment of insulin resistance. HOMA defines this glucose-insulin homeostasis by means of a set 

of simple, nonlinear equations derived mathematically. The approximating equation for insulin 

resistance has been simplified; it uses a fasting blood sample. 

It is calculated by using the insulin-glucose product, which is divided by a constant. The product of 

FPG × FPI is an index of hepatic insulin resistance

The equation givenby Matthews et al: 

IRHOMA = I0 / (22.5 × e-In (Go) could be rewritten as: 

IRHOMA = (I0 × G0)/ 22.5 

[I0] -Fasting Insulin levels at 0hrs

[G0] – Fasting glucose levels at 0 hrs. 

It is apt to apply this index in large epidemiological studies where only fasting insulin and glucose 

values are available.
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Homeostasis model assessment-IR for Indian children's is: (43)

S.No HOMA-IR values Boys Girls
 in children  

1 Normal weight 1.70 ± 1.44 1.21 ± 1.10 
(95%CI: 1.46-1.94) (95% CI 1.73-2.12)

2 Over weight 2.67 ± 1.41 3.19 ± 2.02 
 (95%CI: 2.40-2.94) (95% CI 2.79-3.60) 

3 Obese 4.39 ± 2.14 4.19 ± 2.52 
 (95%CI: 3.95-4.83) (95% CI 3.69-4.69) 
 
Quantitative Insulin sensitivity Check Index – QUICKI (58)

Quantitative insulin sensitivity check index (QUICKI) is an empirically-derived 

mathematicaltransformation of fasting blood glucose and plasma insulin concentrations that 

provide a consistent and precise insulin sensitivity index (ISI) with a better positive predictive 

power. It is purely a variation of HOMA equations, as it converts the data by taking both the 

logarithm and the reciprocal of the glucose-insulin product, thus slightly tilting the distribution of 

fasting insulin values. QUICKI has been seen to have a considerably better linear correlation with 

glucose clamp determinations of insulin sensitivity than minimal-model estimates, particularly in 

obese and diabetic subjects. It employs the use of fasting values of insulin and glucose as in 

HOMA calculations. 

QUICKI is virtually identical to the simple equation form of the HOMA model in all aspects, 

apart from, a log transform of the insulin glucose product is employed to calculate QUICKI. The

concentrations. 

QUICKI = 1/ (logI0 + logG0) 

The reported values of QUICKI were 0.382 ± 0.007 for non-obese, 0.331 ± 0.010 for obese and 

0.304 ± 0.007 for diabetic individuals.
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Katz A et.al,(17)in his study demonstrated that, the three alternatives to the glucose clampmethod 

for estimating insulin sensitivity in vivo that were examined in his study, QUICKI had the best 

overall linear correlation with the gold standard clamp measurement. As compared to the multiple 

frequent blood samples and the lengthy time course required for both the glucose clamp and the 

minimal model approach, QUICKI can be found from a fasting blood sample. In addition, the 

ability to determine QUICKI does not depend on a robust insulin secretory capacity, and the 

method can be used to estimate insulin sensitivity for all diabetic subjects. 
 
Furthermore, in the same study population, QUICKI was more accurate than either minimal 

model index of insulin sensitivity (SIMM) orHOMAand displayed excellent reproducibility and 

the same study, also established that the relationship between HOMA and QUICKI would be 

described by log transformation. Indeed, log [HOMA] relates very highly with QUICKI. This 

recommends that transformation of the data is beneficial for estimating insulin sensitivity and that

QUICKI may be a more accurate index of insulin sensitivity than HOMA across a broad range of 

insulin sensitivities.

Finally in his study he also established that fasting glucose and insulin levels contain adequate 

information to accurately assess insulin sensitivity in vivo over a wide range in a diverse 

population. QUICKI is aninnovative, simple, precise, accurate, and reproducible technique for 

determining insulin sensitivity in humans that may be a useful tool in large epidemiological 

investigations that study the role of insulin resistance in the pathophysiology of important public 

health problems such as obesity, cardiovascular diseases, and diabetes. Possible limitations to 

QUICKI include difficulty in applying it to subjects with type 1 diabetes who lack endogenous 

insulin secretion. In-addition, it is not clear, whether QUICKI is applicable to subjects with severe

diabetes who could not be safely taken off of their anti-diabetic medications. (17) 
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Available Methods for Assessment of Insulin Sensitivity and Resistance in Humans(58)
 

Method Measure of Insulin sensitivity

  
Direct Measures  

  
Hyperinsulinemic Average glucose infusion rate (GIR) = glucose disposal rate (M). 
Euglycemic Glucose Clamp SIClamp -state

 
 and steady-state plasma insulin concentrations) 

  
Insulin-suppression Test A Steady-state plasma glucose (SSPG): Insulin and glucose 

 concentrations during constant infusions with suppressed endogenous 
 insulin secretion 

  
Indirect Measures  

  
Minimal Model Analysis of Minimal model uniquely identifies model parameters that determine a 
Frequently Sampled best fit to glucose disappearance during the modified FSIVGTT. SI :
Intravenous Glucose fractional glucose disappearance per insulin concentration unit; 
Tolerance Test (FSIVGTT) SG (glucose effectiveness): ability of glucose per se to promote its own

 disposal and inhibit HGP in the absence of an incremental insulin
 effect ( when insulin is at basal levels).

    
Simple Surrogate Indexes 

 
Surrogates which are Derived from Fasting Steady-state Conditions

 
 

The Homeostasis Model HOMA-IR = [(Fasting Insulin (µU/mL)) X (Fasting Glucose
Assessment (HOMA) (mmol/L))]/22.5 

  
Quantitative Insulin QUICKI = 1/[Log (Fasting Insulin, µU/ml) + Log (Fasting Glucose,
Sensitivity Check Index mg/dl)]
(QUICKI)  

  
Surrogates Derived from Dynamic Tests (OGTT) 

  
Matsuda Index ISI(Matsuda) = 10000/ fasting (mg/dl) x Ifasting (µU/ml) x (Gmean x

 Imean)]
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Gmean,- mean plasma glucose concentration during OGTT; Go - plasma glucose concentration 

during fasting ; G120- plasma glucose concentration at 120 min; Gmean, mean plasma glucose 

concentration during OGTT; Imean, mean insulin concentration during OGTT; Io, plasma insulin 

concentration during fasting; I120, plasma insulin concentration at 120 min. 
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Gutt Index - ISI (0, ISI (0, 120) = 75000 + (G0-G120)(mg/l) x 0.19 x BW / 120 x Gmean (0, 

120)(mg.l2.mmol-1.mIU-1.min-1) 120min) (mmol/l) x Log [Imean (0, 120min)](mU/l) 

 


