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Abstract

Background: The pathogenesis of type 2 diabetes is hypothesized to be related to two principal factors: insulin resistance and β cell function. Only the blood tests and related algorithms are used to assess these factors.  Physiologic data affected by these factors have never been used to screen the type 2 diabetes.
 The aim of this research was to assess the specificity and sensitivity of algorithms from physiologic data to detect the insulin resistance, β cell function and blood glucose control comparing to the recognized blood tests as reference.
Methods: 160 obese patients (117 women and 43men) mean age 39 (range 17– 62) years were included in the study and were undergoing for laboratory tests including fasting blood glucose, fasting insulin plasma, HbA1c and LDL Cholesterol, for blood pressure measurement and for an examination E.S Complex before undergoing in bariatric surgery.
The ES Complex system data are living tissue acid level, hemodynamic indicators, arterial stiffness, oxygen distribution, Blood pressure, autonomic nervous system level activity and body composition.

The HOMA (Homeostasis model assessment) algorithms had been calculated from the fasting blood glucose and the fasting insulin plasma.

The HS (Homeostasis Score) algorithms had been calculated from the E.S Complex data.
The HOMA was used as reference to assess the insulin resistance (HOMA-IR) and the beta cell function (HOMA-β) and HbA1c as reference to assess the blood glucose control. 
Statistical analysis of HS-IR (HS-Insulin Resistance) algorithms was conducted using receiver operating characteristic curves to determine the specificity and sensitivity to detect the insulin resistance as reference with the HOMA-IR (HOMA-Insulin Resistance).

Statistical analysis of HS-β (HS-Beta cell) algorithms was conducted using receiver operating characteristic curves to determine the specificity and sensitivity to detect the insulin resistance as reference with the HOMA-β (HOMA-Beta cell).

Statistical analysis of HS-BGC (HS-Blood Glucose Control) algorithms was conducted using receiver operating characteristic curves to determine the specificity and sensitivity to detect the blood glucose control as reference with the lab tests HbA1c value. 

Results: 
The HS-IR algorithms as reference to the HOMA-IR (cutoff > 4.69) had a sensitivity of 75 % and specificity of 74 % and P = 0.0001.
The HS-β algorithms as reference to the HOMA-β (cutoff < 1.24) had a sensitivity of 84 % and specificity of 86 % and P = 0.0001.
The HS-BGC algorithms as reference to the HbA1c value (cutoff > =7) had a sensitivity of 81.1 % and specificity of 74.4 % and P = 0.0001
Conclusion: The HS-IR, HS-β, HS-BGC algorithms have a very high specificity and sensitivity to detect the insulin resistance, the β cell function and the blood glucose control.

Therefore, the ES Complex can be used as a rapid, cost-effective, and noninvasive tool in prediabetes and diabetes screening on a larger scale.
Keywords: Insulin resistance, Beta cell, Blood glucose control, electro sensor Complex, Homeostasis Score (HS) algorithms, Large scale screening.
Introduction

US Data from the 2011 National Diabetes Fact Sheet (released Jan. 26, 2011) shown  that 25.8 million children and adults in the United States (8.3% of the population) have diabetes and  79 million people have prediabetes. 1The global burden of DM in adults was estimated to be around 246 million in the year 2007. 2 The diabetes epidemic is accelerating in the developing world, with an increasing proportion of affected people in younger age groups. 2
Since the main purpose of screening is to detect asymptomatic people with undiagnosed diabetes, questionnaires which are based on the symptoms of diabetes are not adequate. 2
Type 2 diabetes is a metabolic disorder with multiple causes, characterized by chronic hyperglycemia with disturbances of carbohydrate, fat and protein metabolism. It generally results from a combination of insulin resistance and loss of β-cell function. 3
In the long term, type 2 diabetes affects a number of organs and is associated with micro-vascular complications such as retinopathy, nephropathy and neuropathy. In addition, individuals with type 2 diabetes are at increased risk of macro-vascular disease. 4
Often diagnosis of type 2 diabetes is made after the condition has been present for some years. In fact, more than 50% of individuals have evidence of vascular disease at diagnosis. 5 
The UK Prospective Diabetes Study (UKPDS) was started in 1977 and was designed to establish whether intensive blood glucose control could reduce the risk of macro vascular or micro vascular complications in patients with type 2 diabetes. In the diet-treated group, HbA1c increased steadily over the course of the study. In the sulfonylurea- or insulin-treated group, there was an initial decrease in HbA1c during the first year of the study, followed by a subsequent, progressive increase similar to that seen in the diet-treated group. 6
Because of the complexity of diabetes and prediabetes diagnostic and control of the disease, more and more laboratory tests, tools and algorithms are available (hyperinsulinemic -euglycemic Clamp technique, Fasting plasma glucose, blood glucose meter, Plasma insulin, HbA1c, OGTT and related algorithms, IVGTT, HOMA-IR and HOMA-β…) to detect the insulin resistance or β cell function or impaired fasting glucose (IFG) or impaired glucose tolerance (IGT). 7 The situation begins to be confused for the patients and even for the physicians and the diabetes and prediabetes cost is a real problem for the healthcare systems worldwide. 8     
Only the blood tests and related algorithms are used to assess the prediabetes and diabetes and physiologic data affected by the diabetes have never been used to detect the insulin resistance, β function and blood glucose control.
The ES Complex system is rapid (3 minutes time measurement), cost effective, easy to administer non invasive and can be used by non-clinical personnel who assist the physicians. 

It provides physiologic data such as living tissue acid level, hemodynamic indicators, arterial stiffness, oxygen distribution, Blood pressure, autonomic nervous system level activity and body composition.
The aim of this research was to assess the specificity and sensitivity of algorithms from physiologic data to detect the insulin resistance, β cell function and blood glucose control as reference to recognized blood tests.
Materials and methods
This study was approved by the regional ethic committee, and adhered to the ethical principles of the Declaration of Helsinki. Each patient signed an informed consent form, and confidentiality was maintained for all participants.
Subjects 

Although obesity is associated with diabetes, the study included of obese patients selected for bariatric surgery. Patients were excluded if they had a neurological disorder precluding the ability to sign a consent form, if in the opinion of the investigator they were clinical unsuitable candidates for the trial, and/or had any contraindications to use of the E.S Complex system. Use of the E.S Complex system is contraindicated in the presence of an external defibrillator, skin lesions likely to come into contact with the electrodes, excessive perspiration, cardiac pacemaker, electronic life support, any implanted electronic device, and inability to remain still for three minutes, metallic pins or prostheses in digits or joints, and absence of a limb.
One hundred sixty patients (117 women and 43men) mean age 39 (range 17– 62), and were sent in the laboratory for fasting blood glucose test, fasting insulin plasma test, HbA1c and LDL cholesterol test. The patient underwent an E.S Complex and blood pressure measurement before the laboratory tests. 
ES Complex Measurement 
The ES Complex comprises 4 modules:
· The EIS module (DC current in bipolar mode) is measuring the electrical conductivity of 11 pathways of the human body from 6 tactile electrodes and it estimates the living tissue acid level.  
· The ES-BC module (weak current with a frequency of 50 KHz in tetrapolar mode) is measuring the electrical resistance of one pathway of the human body and it estimates the Body composition 

· The ES Oxi module (oximeter connected to the finger) displays the SPo2 %, the vascular wave form and Heart rate detection and it estimates the Hemoglobin saturation in oxygen, the arterial stiffness and the autonomic nervous system level activity.  
· The NIBP (Non Invasive Blood Pressure) module measures the blood pressure.

 EIS and living tissue acid level
With direct current, the plasma membrane acts as an insulator and the current is not able to penetrate the cell, so most of the current flows around the cell and therefore in the interstitial fluid.9 Analysis of the direct current at the cathode and anode in electrolytic solution is performed at both the anode and the cathode. 9
Analysis at the cathode

The electrochemical reaction at the cathode is:
2H2O + 2e= H2 (gas) + 2 OH-(base)

Analysis at the anode

The electrochemical reaction for water at the anode is: 
2H2O = O2 (gas) + 4H+  + 4e- (acid)
The delta of conductivity between the pathways anode cathode minus cathode anode expressed in µSi unit represents the tissue acid level with a normal range from 4 to 6 µSi.
ES-BC and body composition 
Bioelectrical resistance is an appealing tool for in vivo assessment of body composition 

The relationship between the body’s resistance to a weak electrical current and the body’s composition has been examined using a number of other independent and more elaborate techniques 10
The Fat mass is expressed in Kg or pounds unit and percent of the Total weight and normal range in accordance with the gender and age.
ES Oxi and SPo2 %, arterial stiffness and autonomic nervous system activity level.
The oximeter displays the SpO2 %, vascular wave form and heart rate detection. The signal analysis of the original vascular wave form (PTG) and the mathematical acceleration of the PTG named Second derivative (SDPTG) provides the arterial stiffness 11    
Arterial stiffness in expressed in m/s unit with normal range from 7 to 9.4.

The Heart rate variability (HRV) analysis in short time provides the autonomic nervous system activity level.  12    

Total Power in expressed in m2 unit with the normal range from 1.6 to 6.4.


The algorithms using the tissue acid level, the fat mass, arterial stiffness and Total power of the HRV are calculated with statistical neural network analysis and the ES Complex software displays the results in score from 1 to 6 and color coded for Insulin resistance, β cell function decreased and blood glucose control. The cutoff is Score >3 color coded in yellow.  
Parameters analyzed
The HOMA (Homeostasis model assessment) algorithms had been calculated from the fasting blood glucose and the fasting insulin plasma in accordance with the following formula 14
HOMA-IR= (Glucose X Insulin)/ 405

HOMA-β= ((360X Insulin)/ (Glucose-63)) %
IR is insulin resistance and %β is the β-cell function. Glucose is given in mg/Dl and Insulin is given in mU/L. Glucose and Insulin are both during fasting. 14
This model correlated well with estimates using the euglycemic clamp method (r = 0.88). 14
The authors have tested HOMA extensively against other measures of insulin resistance (or its reciprocal, insulin sensitivity) and β-cell function. 14, 15, 16 
The HS (Homeostasis Score) algorithms had been calculated from the E.S Complex data (tissue acid level, the fat mass, arterial stiffness and Total power of the HRV).
The HOMA was used as reference to assess the insulin resistance (HOMA-IR) and the beta cell function (HOMA-β) and the HbA1c value as reference to assess the blood glucose control. 

Statistical analysis of HS-IR (HS-Insulin Resistance) algorithms using was conducted using receiver operating characteristic curves to determine the specificity and sensitivity to detect the insulin resistance as reference with the HOMA-IR (HOMA-Insulin Resistance).

Statistical analysis of HS-β (HS-beta cell function) algorithms was conducted using receiver operating characteristic curves to determine the specificity and sensitivity to detect the insulin resistance as reference with the HOMA-β (HOMA-beta cell function)

Statistical analysis of HS-BGC (HS –Blood Glucose Control) algorithms was conducted using receiver operating characteristic curves to determine the specificity and sensitivity to detect the blood glucose control as reference with the HbA1c value. 

Statistical analysis
Statistical analysis of the results using the raw data was performed using the neural Network analysis of the ES Complex software. 17
Statistical analysis of the number of patients needed for the study was calculated with Medcal software and it will be 150 on the basis of α = 5%, at 80% power = F (∆, N, variability DS), taking into account the judgment criteria ∆ at approximately 150 DS (5% error). A P value of < 0.005 was accepted as being statistically significant.
Results
A total of 160 subjects were enrolled in the study and as reference to the HOMA-IR, HOMA-β and HbA1c, 3 study groups were identified. 
The demographic characteristics are shown in Table 1. 
Twenty seven subjects were diagnosed with Insulin resistance (HOMA-IR > 4.69), 51 with Beta cell function decreased (HOMA-β < 1.24), 41 with Blood Glucose not controlled (HbA1c> 7%) and 19 with hypercholesterolemia (LDL Cholesterol> 160). 
Note: Some patients could be integrated in 2 or 3 groups because they are positive in 2 or 3 tests. 
Table1: Demographic data of the study groups defined by HOMA-IR, HOMA-β, HbA1c and LDL Cholesterol (means + SD)

	
	Insulin Resistance 
	Β cell Function
	Blood Glucose Control
	ANOVA p-value 

	n
	37
	51
	41
	

	BMI
	46(34.5-58.4)
	44(32-69)
	44(32-69)
	ns

	Fat Mass
	58.5 (35-79)
	55 (40-77)
	55(35-77)
	ns

	Age 
	39 (18-58)
	40(18-58)
	44(22-62)
	ns

	Male/female ratio
	0.34
	0.21
	0.26
	ns

	Systolic P.
	200 (130-360)
	191(130-360)
	135(108-215)
	0.001

	Diastolic P.
	134(87-211)
	130(88-169)
	83(60-118)
	0.001

	Fasting plasma Glucose 
	129(71-306)
	123.6 (73-306)
	132(64-306)
	0.05

	Fasting plasma
Insulin 
	26.1 (10.9-64.7)
	10.2 (2-56)
	16(16-64)
	0.001

	LDL Cholesterol 
	153( 128-213)
	128 (54-239)
	121(54-200)
	0.05


Systolic and diastolic blood pressure values and LDL Cholesterol were higher in the groups with insulin resistance and beta cell function. 
The HS-IR algorithms 40 as reference to the HOMA-IR (cutoff > 4.69) had a sensitivity of 75 % and specificity of 74.2 % and P = 0.0001. Figure 1
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Figure 1

The HS-β algorithms 51 as reference to the HOMA-β (cutoff < 1.24) had a sensitivity of 84 % and specificity of 86 % and P = 0.0001. Figure 2 
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Figure 2

The HS-BGC algorithms 16 as reference to the HbA1c value (cutoff > =7) had a sensitivity of 81.1 % and specificity of 71.4 % and P = 0.0001
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Figure 3
Discussion
There is increasing recognition of the important role of insulin resistance in the pathogenesis of type 2 diabetes and metabolic syndrome. 18, 19
Insulin resistance is strongly associated with the incidence of cardiovascular disease.20
In a prospective analysis of 1,326 subjects in the Verona Diabetes Complications Study, insulin resistance (as measured by estimates of HOMA) was confirmed as an independent risk factor for cardiovascular disease.20 Moreover, insulin resistance was as strong a risk factor as smoking. Both of these factors carried a greater risk for developing cardiovascular disease than either age or total: HDL cholesterol ratio.21
Recent studies have conclusively shown that diet and exercise intervention in patient with insulin resistance reduces the progression to type 2 diabetes by 58%. 22
Extrapolation of the observed rate of decline of (-cell function in diet-treated subjects in the UKPDS suggests that loss of (-cell function and therefore the conventional diagnosis of the type 2 diabetes can begin at least 10 years before diagnosis with progressive tissue damage and circulating fatty acid. 23
In the UKPDS, long-term increases in fasting plasma glucose were accompanied by progressive (-cell dysfunction as assessed by HOMA.23 Mean (-cell function was already less than 50% at diagnosis, 24 and none of the therapies used in the study (sulfonylureas, metformin and insulin) were able to prevent or delay the progressive deterioration of (-cell function.24 On average, (-cell function declines by 1% per year with normal aging, compared with 4% per year in diabetes.23, 25
Among the plethoric number of detection tools of the diabetes and prediabetes all of them are using biochemical tests. The biochemical tests currently use in routine are measurement of fasting blood glucose or HbA1c 26. The fasting plasma glucose (FPG) test is recommended for initial screening for non-pregnant adults 26. 

HbA1c is a good indicator of the blood glucose control, but it does not have sensitivity and specificity to identify the insulin resistance and the β cell function 26.
The Oral Glucose tolerance test (OGTT) can play an important role in the diagnosis of diabetes as well as screening for abnormal glucose levels. However, the OGTT has no role in the management of diabetes and low specificity and sensitivity to detect the insulin resistance. 27 
 The gold standard test for insulin resistance includes the hyperinsulinemic -euglycemic clamp 28, and another accepted method is the minimal-model analysis frequently sampled intravenous glucose tolerance test (FSIVGTT) 29. These tests are invasive, labor intensive, and expensive, which discourages their use in large population-based epidemiologic studies. A simpler and more practical method to measure insulin resistance, the homeostasis model assessment of insulin resistance (HOMA-IR), was therefore developed for application in large epidemiologic studies 30.
However, the HOMA algorithm is performed from the biochemical tests and the borderline value will need follow up and regular testing or adjunct of other testing and will increased the cost.
The situation begins to be confused for the patients and even for the physicians and the diabetes and prediabetes cost is a real problem for the healthcare systems worldwide.      

Physiologic data affected by the insulin resistance, β cell function and hyperglycemia have never been used to screen the prediabetes and diabetes. 
The ES Complex system is rapid (3 minutes time measurement), cost effective, easy to administer non invasive and can be used by non-clinical personnel who assist the physicians. 

It provides living tissue acid level, hemodynamic indicators, arterial stiffness, oxygen distribution, Blood pressure, autonomic nervous system level activity and body composition.
The explanation as to how the physiological data are related to the prediabetes and diabetes is evidence. The ES Complex features are: Fat mass evaluation (from ES-BC), Stiffness Index, macro-circulation and Autonomic Nervous system level activity (from ES Oxi) and Living tissue acid level (EIS).

 These indicators are all correlated with the prediabetes and tissue damage, 31, 32, 33,34,35,36 the diabetes and the complications of the diabetes, 34 and represent a new way of investigation in the site of action of the disease. A longitudinal study is now under way to confirm our findings.
Conclusion
The HS-IR, HS-β, HS-BGC algorithms have a good specificity and sensitivity and therefore , the ES Complex can be used as a rapid, cost-effective, and noninvasive tool  in diabetes and prediabetes screening on a larger scale . 
Hence a tool which is easy to administer, non-invasive, with high sensitivity and specificity and cost-effective would be of advantage and of great benefit for insulin resistance, beta cell function, blood control glucose screening. The value of such a tool would increase if it can be used by non-clinical personnel, who assist the doctors.
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