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Abstract 
Clinically, determination of insulin resistance is important for diabetic patients. We evaluated the 
relationship among 20/(fasting C-peptide × fasting plasma glucose), HOMA-IR and QUICKI indices 
in type 2 diabetic patients. The study included 40 patients with type 2 diabetes. Patients divided 
into three groups based on their medication: metformin, metformin + glibenclamide and metfor-
min + glitazone. Fasting blood sugar, and lipid profile were measured by enzymatic method, serum 
insulin, and C-peptide were measured by ELISA method. Insulin resistance was calculated by using 
of 20/(fasting C-peptide × fasting plasma glucose), HOMA-IR and QUICKI indices. There was no 
significant relationship between 20/(fasting C-peptide × fasting plasma glucose) index and other 
parameters in all studied groups except QUICKI in metformin group showed a significant correla-
tion with 20/(fasting C-peptide × fasting plasma glucose) index (r = 0.56 and p = 0.03). There was a 
significant correlation between HOMA-IR and QUICKI indices in all studied groups. There was no 
significant relationship between 20/(fasting C-peptide × fasting plasma glucose) index with other 
clinical parameters. On the other hand, our data strongly suggested a significant correlation be-
tween HOMA-IR and QUICKI indices in studied subjects with type 2 diabetes. 
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1. Introduction 
The prevalence of diabetes is increasing in the worldwide [1]. It is highly prevalent in developing countries in-
cluding Iran which estimated about 2% - 10% prevalence in 2008 [2].  

Insulin resistance which defined by impaired ability of insulin to stimulate glucose utilization is a major cha-
racteristic of diabetic patients [3]-[5]. Insulin resistance is closely associated with high blood pressure, obesity, 
coronary artery disease, dyslipidemia, metabolic syndrome and other disorders that characterized as metabolic 
syndrome [5]. The diagnosis of insulin resistance in humans is important for epidemiological, clinical, basic and 
applied scientific research and clinical trials. Direct and indirect methods are commonly used for this purpose. 
Most methods depend on static analysis of glucose and insulin while other methods are related to the dynamic 
tests. Each of these methods has advantages and limitations distinctively. Clinically, hyperinsulinemic-eugly- 
cemic clamp is the gold-standard method to assessment of insulin sensitivity. The main limitations of this me-
thod include long time, expensiveness, and require experienced operators to manage the technical problems [6]. 

Alternative indices for insulin sensitivity measurement are obtained from the dynamic tests such as oral glu-
cose tolerance test (OGTT) and meal tolerance test (MTT) [7]. Since OGTT in patients with severe diabetes can 
cause hyperglycemia, the homeostasis model assessment of insulin resistance (HOMA-IR) index is widely used 
in medicine for clinical studies. HOMA-IR is a model that uses the static concentrations of fasting glucose and 
insulin for determination of insulin resistance and pancreatic beta-cell function [8]. The validity of HOMA-IR 
index is lower in patients with low body mass index (BMI), low-activity of beta cells and high levels of blood 
glucose [9]. 

Quantitative Insulin Sensitivity Check Index (QUICKI) is another insulin sensitivity index, which has better 
correlation with glucose clamp technique, compared with other indicators such as the minimal model and 
HOMA. On the other hand, the relationship between QUICK and glucose clamp technique declines in non-obese 
patients compared with obese diabetic individuals [10]. Since insulin and C-peptide excreted from beta cells 
with the equal concentration [11] and the liver couldn’t remove C-peptide. Thus, linear correlation between me-
tabolic clearance rate of C-peptide and its plasma level could be expected [12]. Therefore, it is evident that the 
circulating level of C-peptide shows a more accurate reflection of pancreatic secretion compared with insulin 
levels [13]. 

According to above informations, a new index introduced based on the amount of C-peptide and insulin re-
sistance in Japanese patients with type 2 diabetes. 20/(fasting C-peptide × fasting plasma glucose) is a simple 
and effective index for insulin resistance that compared with HOMA-IR and ISI in Japanese patients with type 2 
diabetes. In particular, this index has shown a strong relationship with Glucose Infusion Rate (GIR) compared 
with HOMA-IR in patients with mild insulin resistance. Furthermore, GIR may be predicted by the index [14]. 

Therefore, in this study, in order to express the importance of new index for diagnosis of insulin resistance in 
type 2 diabetes patients, we evaluated the relationship among 20/(fasting C-peptide × fasting plasma glucose), 
HOMA-IR and QUICKI indices in type 2 diabetic patients who take certain hypoglycemic medications. 

2. Materials and Methods 
2.1. Study Population 
The study population included 40 patients with type 2 diabetes mellitus whom attended at the diabetic clinic of 
Ahvaz Golestan Hospital, Ahvaz Jundishapur University of medical Sciences, Ahvaz, Iran. Among of them, 15 
patients take metformin, 15 patients take metformin + glibenclamide and 10 patients take metformin + Glitazone. 
Participates were men and women with body mass index more than 25 kg/m2 and age from 35 to 65 years. Pa-
tients who received insulin or having renal disorders, cardiovascular disease, and uncontrolled thyroid disease 
were exclude from the study. Well-trained interviewers recorded sex, age, height, weight, body mass index 
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(BMI), the histories of medication usage for diabetes, addiction from all participants. Body weight was meas-
ured to the nearest 0.1 kg and the height to the nearest 0.1 cm using a standard balance and stadiometer (Seca, 
Germany). The waist circumference was measured according to WHO guideline midway between the lowest rib 
and the iliac crest with a flexible anthropometric tape [15]. 

2.2. Blood Sampling 
All subjects referred to the laboratory at the same time of day (between 08:30 and 09:00 AM) after an overnight 
(10 - 12 h) fast, having consumed no alcohol or caffeine for at least 24 h nor exercised within the previous 48 h. 
5 ml venous blood samples were collected into without anticoagulant containing tubes from all patients. The 
blood samples were allowed to clot at room temperature and then serum separated was stored at −70˚C for fu-
ture use. Fasting bloodsugar was determined by glucose oxidase method (Pars Azmoon Co., Tehran, Iran). Fat-
ing lipid profile including total cholesterol, triglycerides, and high-density lipoprotein-cholesterol (HDL-C) were 
measured by enzymatic methods using commercial available kits ((Pars Azmoon Co., Tehran, Iran). Low-den- 
sity lipoprotein-cholesterol (LDL-C) was estimated indirectly using the Friedewald formula (LDL cholesterol = 
total cholesterol-HDL cholesterol + 1/5 triglycerides) for subjects with serum TG level less than 400 mg/ml. 
Serum level of insulin and C-peptide were measured by enzyme-linked immunosorbent assay using commer-
cially available human ELISA kit (Monobind Inc., Lake Forest, CA, USA) after serum samples were thawed at 
room temperature. 

2.3. Insulin Resistance Calculation 
HOMA-IR, QUICKI and 20/(fasting C-peptide × fasting plasma glucose) index were calculated using the fol-
lowing formula: 

( ) ( )HOMA-IR fasting insulin U ml fasting glucose mmol L 22 5= µ ×        

( )( ) ( )( )QUICKI 1 log fasting insulin U ml log fasting glucose mg dL = µ +    

( )20 fasting C-peptide fasting plasma glucose×   

Insulin resistance defined as HOMA-IR above 2.6, QUICKI less than 0.33, 20/(fasting C-peptide × fasting 
plasma glucose) less than 5 and 5 - 10 as mild insulin resistance [5] [14] [16] [17]. 

2.4. Statistical Analysis 
All statistical analyses have been performed using SPSS version 20.0 software (SPSS, Inc, Chicago IL, USA). 
All data are expressed as mean value ± Standard Error of Means (S.E.M). Mean comparisons were made using 
one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. The level of significance was ad-
justed at P < 0.05. 

3. Results 
Mean values of age, weight, BMI, abdominal circumference, total cholesterol, triglycerides, HDL, LDL, fasting 
glucose, fasting insulin, C-peptide, HOMA-IR, QUICKI and (fasting C-peptide × fasting plasma glucose)/20 in-
dices are presented in Table 1. According to the calculated indices in the three studied groups, all patients have 
been shown insulin resistance. The relationship between (fasting C-peptide × fasting plasma glucose)/20 index 
and clinical parameters have been shown in Table 2. There are no significant relationships between (fasting 
C-peptide × fasting plasma glucose)/20 index and other parameters in all three studied groups except QUICKI 
index in the patients that receiving metformin showed a significant correlation with (fasting C-peptide × fasting 
plasma glucose)/20 index (r = 0.56, p = 0.03). The relationship between HOMA-IR and QUICKI indices are 
shown in Table 3 and illustrate in Figure 1. According to these result, there was a significant correlation be-
tween these two indices in the three studied groups. 

4. Discussion 
The goal of this study was to identify reliable simple method for the diagnosis of insulin resistance in type 2 di-
abetic patients. For this purpose, the relationship between index 20/(fasting C-peptide ×fasting plasma glucose)  
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Table 1. Basic characteristic of the study subjects.                                                                        

Metformin + Glitazone Metformin + Glibenclamide Metformin  

49.5 ± 3.1 47.8 ± 2.5 48.53 ± 1.8 Age (year) 

85.87 ± 5.4 85.66 ± 2.6 80.86 ± 4.9 Weight (kg) 

32.43 ± 1.5 30.29 ± 0.7 28.87 ± 0.9 BMI (kg/m2) 

106.4 ± 3.4 102.66 ± 2.01 101.0 ± 1.3 Waist Circumference (cm) 

174.80 ± 9.3 181.07 ± 10.6 158.80 ± 6.2 Total Cholesterol (mg/dl) 

191.2 ± 10.2 184.6 ± 9.4 201.07 ± 7.2 Triglyceride (mg/dl) 

41.5 ± 2.2 39.53 ± 1.6 39.53 ± 1.6 HDL Cholesterol (mg/dl) 

137.6 ± 6.4 131.33 ± 9.9 115.07 ± 6.3 LDL Cholesterol (mg/dl) 

140.00 ± 9.07 115.00 ± 6.6 114.00 ± 4.3 FBS (mg/dl) 

13.03 ± 2.3 14.7 ± 1.4 14.84 ± 1.4 Fasting Insulin (μU/ml) 

3.4 ± 0.1 3.02 ± 0.2 2.69 ± 0.2 Fasting C-peptide (ng/dl) 
4.5 ± 0.8 4.3 ± 0.4 4.8 ± 0.4 HOMA Index 

0.31 ± 0.01 0.3 ± 0.007 0.3 ± 0.003 QUICKI Index 
2.4 ± 0.1 3.5 ± 0.3 4.2 ± 0.7 20/(fasting C-peptide × FPG) 

Data are presented as mean ± S.E.M; HOMA-IR: homeostasis model assessment of insulin resistance; QUICKI = quantitative insulin sensitivity 
check index; BMI = body mass index; FBS =fasting blood sugar; FPG = fasting plasma glucose. 
 
Table 2. Relationship between 20/(fasting C-peptide × fasting plasma glucose) index with other clinical parameters.                                          

Metformin + Glitazone Metformin + Glibenclamide Metformin  

P r P r P r  

0.11 −0.52 0.19 −0.35 0.056 0.05 HOMA-IR 

0.07 0.59 0.24 −0.32 0.03 0.56 QUICKI 

0.37 −0.31 0.72 −0.09 0.38 0.24 BMI (kg/m2) 

0.35 −0.33 0.81 −0.06 0.39 0.23 Waist Circumference (Cm) 

r = Pearson correlation coefficient; *P < 0.05 indicates significant difference. HOMA-IR: homeostasis model assessment of insulin resistance; 
QUICKI = quantitative insulin sensitivity check index; BMI = body mass index. 
 
Table 3. Relationship between HOMA-IR and QUICKI indices.                                                             

HOMA-IR 
 

Metformin + Glitazone group Metformin + Glibenclamide group Metformin group 

P r P r P r  

0.002 −0.84 <0.001 −0.87 <0.001 −0.97 QUICKI 

r = Pearson correlation coefficient; HOMA-IR: homeostasis model assessment of insulin resistance; QUICKI = quantitative insulin sensitivity check 
index. 
 
with HOMA-IR and QUICKI indices was investigated. Based on our result, there was no correlation between 
the index 20/(fasting C-peptide ×fasting plasma glucose) with HOMA-IR and QUICKI in all participated pa-
tients except in the metformin group. Clinically, HOMA-IR is simple, and widely used to identify of insulin re-
sistance. However, HOMA-IR is of limited use in some patients with a lower BMI, decreased β cell function, 
and high fasting glucose levels [9]. In Japanese and Asian population often show reduced β cell function, 
HOMA-IR is inappropriate in these populations. Our results revealed that there were a strongly correlated be-
tween HOMA-IR and QUICKI in all studied patients. Katz et al. reported a significant correlation between 
QUICKI with HOMA-IR and glucose clamp. Though, relation between QUICKI and glucose clamp is lower in 
non-obese subjects without diabetes than in obese patients with type 2 diabetes mellitus [10]. It has been dem-
onstrated, insulin and C-peptide co-secreted from the pancreas in an equimolar ratio into the blood stream. Un-
like insulin, C-peptide is not cleared by the liver, and has a longer half-life compared to the insulin [11]. Ohkura  
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Figure 1. Relationship between HOMA-IR and QUICKI 
indices in metformin group (a), metformin + glibencla-
mide group (b) and metformin + glitazone group.                 
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et al. suggested an index consisting of the C-peptide levels will be better than an index based on insulin levels 
for evaluation of insulin resistance. They reported, index 20/(fasting C-peptide × fasting plasma glucose) was 
more strongly correlated with GIR than HOMA-IR among patients with mild insulin resistance. Furthermore, it 
is possible to predict GIR by determining 20/(fasting C-peptide × fasting plasma glucose). This results show that 
plasma C-peptide levels better reproduce insulin bioactivity in skeletal muscle, while the glucose clamp tech-
nique reflects insulin resistance in skeletal muscle [14]. Our study had several limitations, including number of 
patients and no evaluation of correlation between indexes 20/(fasting C-peptide × fasting plasma glucose) and 
glucose clamp technique. Despite these limitations and no significant correlation was observed between studied 
indices, we think 20/(fasting C-peptide × fasting plasma glucose) index in Asian subjects including Iranian pa-
tients with type 2 diabetes mellitus didn’t generally show hyperinsulinemia. Stratified diabetic patients based on 
drug medication have been performed just for removing the various effects of oral hypoglycemic agents on the 
insulin resistance indices.  

Our results suggested that for comparing the clinical importance of 20/(fasting C-peptide × fasting plasma 
glucose) index with well-known indices for evaluation of insulin resistance indices in diabetic patients of dif-
ferent populations, several studies with greater number of patients are needed. 

5. Conclusion 
Although, there was no significant association between 20/(fasting C-peptide × fasting plasma glucose) index 
and other clinical parameters in the studied population. However, our results strongly suggested a significant 
correlation between HOMA-IR and QUICKI indices in studied subjects with type 2 diabetes. 
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