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Welcome

Moderador
Notas de la presentación
A1C TestThe A1C test is used to detect type 2 diabetes and prediabetes but is not recommended for diagnosis of type 1 diabetes or gestational diabetes. The A1C test is a blood test that reflects the average of a person’s blood glucose levels over the past 3 months and does not show daily fluctuations. The A1C test is more convenient for patients than the traditional glucose tests because it does not require fasting and can be performed at any time of the day.The A1C test result is reported as a percentage. The higher the percentage, the higher a person’s blood glucose levels have been. A normal A1C level is below 5.7 percent.An A1C of 5.7 to 6.4 percent indicates prediabetes. People diagnosed with prediabetes may be retested in 1 year. People with an A1C below 5.7 percent maystill be at risk for diabetes, depending on the presence of other characteristics that put them at risk, also known as risk factors. People with an A1C above 6.0 percent should be considered at very high risk of developing diabetes. A level of 6.5 percent or above means a person has diabetes.Laboratory analysis. When the A1C test is used for diagnosis, the blood sample must be sent to a laboratory using a method that is certified by the NGSP to ensure the results are standardized. Blood samples analyzed in a health care provider’s office, known as point-of-care tests, are not standardized for diagnosing diabetes.Abnormal results. The A1C test can be unreliable for diagnosing or monitoring diabetes in people with certain conditions known to interfere with the results. Interference should be suspected when A1C results seem very different from the results of a blood glucose test. People of African, Mediterranean, or Southeast Asian descent or people with family members with sickle cell anemia or a thalassemia are particularly at risk of interference.However, not all of the A1C tests are unreliable for people with these diseases. The NGSP provides information about which A1C tests are appropriate to use for specific types of interference and details on any problems with the A1C test at www.ngsp.org .False A1C test results may also occur in people with other problems that affect their blood or hemoglobin such as chronic kidney disease, liver disease, or anemia.More information about limitations of the A1C test and different forms of sickle cell anemia is available in the NDIC booklet For People of African, Mediterranean, or Southeast Asian Heritage: Important Information about Diabetes Blood Tests, available at www.diabetes.niddk.nih.gov or by calling 1–800–860–8747.Changes in Diagnostic TestingIn the past, the A1C test was used to monitor blood glucose levels but not for diagnosis. The A1C test has now been standardized, and in 2009, an international expert committee recommended it be used for diagnosis of type 2 diabetes and prediabetes.2More information about the A1C test is available in the NDIC fact sheet The A1C Test and Diabetes, available at www.diabetes.niddk.nih.gov or by calling 1–800–860–8747.2The International Expert Committee. International Expert Committee report on the role of the A1C assay in the diagnosis of diabetes. Diabetes Care. 2009;32(7):1327–1334.Fasting Plasma Glucose TestThe FPG test is used to detect diabetes and prediabetes. The FPG test has been the most common test used for diagnosing diabetes because it is more convenient than the OGTT and less expensive. The FPG test measures blood glucose in a person who has fasted for at least 8 hours and is most reliable when given in the morning.People with a fasting glucose level of 100 to 125 mg/dL have impaired fasting glucose (IFG), or prediabetes. A level of 126 mg/dL or above, confirmed by repeating the test on another day, means a person has diabetes.Oral Glucose Tolerance TestThe OGTT can be used to diagnose diabetes, prediabetes, and gestational diabetes. Research has shown that the OGTT is more sensitive than the FPG test, but it is less convenient to administer. When used to test for diabetes or prediabetes, the OGTT measures blood glucose after a person fasts for at least 8 hours and 2 hours after the person drinks a liquid containing 75 grams of glucose dissolved in water.If the 2-hour blood glucose level is between 140 and 199 mg/dL, the person has a type of prediabetes called impaired glucose tolerance (IGT). If confirmed by a second test, a 2-hour glucose level of 200 mg/dL or above means a person has diabetes.[Top]Evaluates efficiency of the body in metabolizing glucose.Introduced in 1922 and is still considered the gold standard for diabetes diagnosis7 Consists of:	- 12 hour fasting	- Drinking 75g Glucola drink	- Blood samples collected at 0, 10, 20, 	  30, 60, 90, 120 minMeasured plasma glucose, insulin, C-peptide concentrationsNormal blood values for a 75-gram oral glucose tolerance test*                                Fasting: 60 -100 mg/dL                                1 hour: less than 200 mg/dL                                2 hours: less than 140 mg/dLAre diabetes blood test results always accurate?All laboratory test results can vary from day to day and from test to test. Results can varywithin the person being tested. A person’s blood glucose levels normally move up and down depending on meals, exercise, sickness, and stress.between different tests. Each test measures blood glucose levels in a different way.within the same test. Even when the same blood sample is repeatedly measured in the same laboratory, the results may vary due to small changes in temperature, equipment, or sample handling.Although all these tests can be used to indicate diabetes, in some people one test will indicate a diagnosis of diabetes when another test does not. People with differing test results may be in an early stage of the disease, where blood glucose levels have not risen high enough to show on every test.Health care providers take all these variations into account when considering test results and repeat laboratory tests for confirmation. Diabetes develops over time, so even with variations in test results, health care providers can tell when overall blood glucose levels are becoming too high.



Background: What is diabetes?

▪ Diabetes is a group of diseases marked by high 
levels of blood glucose resulting from defects in 
insulin production, insulin action, or both. 

▪ Type 2 diabetes mellitus (T2DM) was previously 
called non-insulin-dependent diabetes mellitus 
(NIDDM) or adult-onset diabetes. 
▪ T2DM usually begins as insulin resistance, a 

disorder in which the cells do not use insulin 
properly so less glucose is stored or used by organs 
like the liver and muscles causing elevated glucose 
levels to remain in the blood. 

▪ As the need for insulin rises, the pancreas 
gradually loses its ability to cover the insulin 
demand.



Background: Type 2 Diabetes and its health 
consequences

▪ 25.8 million people are affected by diabetes mellitus 
in the U.S.5

▪ T2DM constitutes over 90% of those cases. 14

▪ Health consequences of T2DM -- microvascular
▪ Heart disease and stroke.
▪ Retinopathy and other eye problem  blindness.
▪ Peripheral neuropathy of the hands and feet  amputation.
▪ Nephropathy  chronic kidney disease and kidney failure.

▪ Diabetes is the seventh leading cause of death in 
the United States.



Background: Cost of T2DM

Indirect costs
$58 billion — disability, work loss, premature 
mortality

Direct medical costs

$116 billion — after adjusting for population age and 
sex differences, average medical expenditures 
among people with diagnosed diabetes were 2.3 
times higher than what expenditures would be in the 
absence of diabetes

Total costs — direct and indirect $174 billion

Estimated Diabetes Costs in the United States, 2007
Medical expenses for people with diabetes are more than 2 times higher than for people without diabetes.



Background: T2DM diagnosis

Moderador
Notas de la presentación
A1C TestThe A1C test is used to detect type 2 diabetes and prediabetes but is not recommended for diagnosis of type 1 diabetes or gestational diabetes. The A1C test is a blood test that reflects the average of a person’s blood glucose levels over the past 3 months and does not show daily fluctuations. The A1C test is more convenient for patients than the traditional glucose tests because it does not require fasting and can be performed at any time of the day.The A1C test result is reported as a percentage. The higher the percentage, the higher a person’s blood glucose levels have been. A normal A1C level is below 5.7 percent.An A1C of 5.7 to 6.4 percent indicates prediabetes. People diagnosed with prediabetes may be retested in 1 year. People with an A1C below 5.7 percent maystill be at risk for diabetes, depending on the presence of other characteristics that put them at risk, also known as risk factors. People with an A1C above 6.0 percent should be considered at very high risk of developing diabetes. A level of 6.5 percent or above means a person has diabetes.Laboratory analysis. When the A1C test is used for diagnosis, the blood sample must be sent to a laboratory using a method that is certified by the NGSP to ensure the results are standardized. Blood samples analyzed in a health care provider’s office, known as point-of-care tests, are not standardized for diagnosing diabetes.Abnormal results. The A1C test can be unreliable for diagnosing or monitoring diabetes in people with certain conditions known to interfere with the results. Interference should be suspected when A1C results seem very different from the results of a blood glucose test. People of African, Mediterranean, or Southeast Asian descent or people with family members with sickle cell anemia or a thalassemia are particularly at risk of interference.However, not all of the A1C tests are unreliable for people with these diseases. The NGSP provides information about which A1C tests are appropriate to use for specific types of interference and details on any problems with the A1C test at www.ngsp.org .False A1C test results may also occur in people with other problems that affect their blood or hemoglobin such as chronic kidney disease, liver disease, or anemia.More information about limitations of the A1C test and different forms of sickle cell anemia is available in the NDIC booklet For People of African, Mediterranean, or Southeast Asian Heritage: Important Information about Diabetes Blood Tests, available at www.diabetes.niddk.nih.gov or by calling 1–800–860–8747.Changes in Diagnostic TestingIn the past, the A1C test was used to monitor blood glucose levels but not for diagnosis. The A1C test has now been standardized, and in 2009, an international expert committee recommended it be used for diagnosis of type 2 diabetes and prediabetes.2More information about the A1C test is available in the NDIC fact sheet The A1C Test and Diabetes, available at www.diabetes.niddk.nih.gov or by calling 1–800–860–8747.2The International Expert Committee. International Expert Committee report on the role of the A1C assay in the diagnosis of diabetes. Diabetes Care. 2009;32(7):1327–1334.Fasting Plasma Glucose TestThe FPG test is used to detect diabetes and prediabetes. The FPG test has been the most common test used for diagnosing diabetes because it is more convenient than the OGTT and less expensive. The FPG test measures blood glucose in a person who has fasted for at least 8 hours and is most reliable when given in the morning.People with a fasting glucose level of 100 to 125 mg/dL have impaired fasting glucose (IFG), or prediabetes. A level of 126 mg/dL or above, confirmed by repeating the test on another day, means a person has diabetes.Oral Glucose Tolerance TestThe OGTT can be used to diagnose diabetes, prediabetes, and gestational diabetes. Research has shown that the OGTT is more sensitive than the FPG test, but it is less convenient to administer. When used to test for diabetes or prediabetes, the OGTT measures blood glucose after a person fasts for at least 8 hours and 2 hours after the person drinks a liquid containing 75 grams of glucose dissolved in water.If the 2-hour blood glucose level is between 140 and 199 mg/dL, the person has a type of prediabetes called impaired glucose tolerance (IGT). If confirmed by a second test, a 2-hour glucose level of 200 mg/dL or above means a person has diabetes.[Top]Evaluates efficiency of the body in metabolizing glucose.Introduced in 1922 and is still considered the gold standard for diabetes diagnosis7 Consists of:	- 12 hour fasting	- Drinking 75g Glucola drink	- Blood samples collected at 0, 10, 20, 	  30, 60, 90, 120 minMeasured plasma glucose, insulin, C-peptide concentrationsNormal blood values for a 75-gram oral glucose tolerance test*                                Fasting: 60 -100 mg/dL                                1 hour: less than 200 mg/dL                                2 hours: less than 140 mg/dLAre diabetes blood test results always accurate?All laboratory test results can vary from day to day and from test to test. Results can varywithin the person being tested. A person’s blood glucose levels normally move up and down depending on meals, exercise, sickness, and stress.between different tests. Each test measures blood glucose levels in a different way.within the same test. Even when the same blood sample is repeatedly measured in the same laboratory, the results may vary due to small changes in temperature, equipment, or sample handling.Although all these tests can be used to indicate diabetes, in some people one test will indicate a diagnosis of diabetes when another test does not. People with differing test results may be in an early stage of the disease, where blood glucose levels have not risen high enough to show on every test.Health care providers take all these variations into account when considering test results and repeat laboratory tests for confirmation. Diabetes develops over time, so even with variations in test results, health care providers can tell when overall blood glucose levels are becoming too high.



Background

▪ By the time diabetes is diagnosed through traditional methods, 
irreversible damage to the neural and cardiovascular systems has 
occurred. At that point, therapy may improve QoL, but not increase 
longevity.

▪ A test sensitive and specific enough to detect pre-diabetes early 
can leave enough time to create a plan of action for the patient 
that might be effective not only for improving QoL, but also for 
extending his/her lifetime.



Electro-Sensor Complex TM-Oxi Sudopath
Software (ESC-TSS)

 Manufactured by LD Technology, the ESC TSS is a software complex managing 
FDA-cleared devices.



Electro-Sensor Complex 

▪ The Electro Sensor Body Composition (ES-BC) device uses a single 
frequency bioelectrical impedance analyzer in bipolar mode to assess 
body composition. It measures current, voltage, and phase angle to 
calculate impedance, resistance, and reactance and then the software 
computes values using accepted peer reviewed published algorithms 
based on the participant’s characteristics like gender, height, weight, 
age, and activity level.

▪ The Electro Interstitial Scan Galvanic Skin (EIS-GS) device uses galvanic 
skin response to predict autonomic nervous system activity. It uses an 
interface box and reusable plates and cables to perform bioimpedance
in bipolar mode with direct current to measure electrical conductivity 
of 11 pathways of the body, each recorded twice from anode to 
cathode and then from cathode to anode. With direct current the 
plasma membrane acts as an insulator so the current doesn’t 
penetrate the cell and flows through the interstitial fluid. 

▪ The Electro Sensor Oxi (ES-OXI) device uses a digital pulse oximeter to 
monitor SpO2%, pulse rate, and photoelectrical plethysmography
(pulse waveform). This analysis provides indicators of arterial stiffness, 
such as mean arterial pressure, systemic vascular resistance, and 
stroke volume.

Moderador
Notas de la presentación
The marginal predictive capacity of EIS-GS on HRVraises a question about what EIS-GS is actually measuring.HRV is related to sympathetic system activity estimated atthe level of the HRV, and EIS-GS is related to sympatheticsystem activity estimated at the level of the interstitial fluid.The interstitial fluid represents the main component of livingtissue. The mechanisms of action of the autonomic nervoussystem activity on living tissue are: (1) vasoconstrictionof capillaries to decrease tissue blood flow,30 (2) increasedNa-K ATP pump activity,31 and (3) shifting capillary fluidto regulate blood pressure and increase the interstitial fluidvolume.32 Therefore, EIS-GS could be a marker of vasoconstrictionand blood flow, Na-K ATP pump activity, andinterstitial fluid volume.Cardiac output, defined as the blood volume in litersejected by the heart per minute, is regarded as the ultimateexpression of cardiovascular performance. Resting cardiacoutput should be 4–8 L/minute to maintain normal tissueperfusion and normal delivery of oxygen and nutrients.Cardiac output values outside this range could be a sign ofCVD, hypertension, stroke, or heart failure. Hence, regularcardiac output monitoring plays an essential role in theevaluation, treatment, and follow-up of CVD.



Purpose of Study 1: Validation of ESC-TSS to gold 
standards 

▪ The purpose of this study was to compare the accuracy of ES-BC, EIS-GS 
and ES-Oxi on body composition, autonomic nervous system activity and 
cardiac output to standardized assessments. 

▪ Publication: Lewis, J.E. et al. (2011). Medical Devices: Evidence and 
Research, 4, 169-177.



Study 1 Methods

▪ 2 waves:
▪ Wave 1: 50 healthy adults were assessed for body composition 

and autonomic nervous system activity.
▪ Body Composition:
▪ ESC-BC assessment
▪ DXA scan: Test used dual energy X-ray absoptimetry to measure the 3 

compartments of body composition (fat mass, lean soft tissue and bone 
mineral) Lunar Prodigy Pro Scanner with enCORE software 7.5 (GE 
Healthcare, Madison, WI).

▪ Autonomic Nervous System Activity
▪ EIS-GS assessment
▪ HRV analysis: Heart rate variability measures autonomic nervous system 

activity through electrocardiogram rhythm analyses of the QRS to QRS 
(RR) intervals by extracting only normal sinus to normal sinus (NN) 
interbeat intervals in the full domain of activity and 3 spectral 
components: very low frequency (VLF), low frequency (LF) and high 
frequency (HF). HF% represents parasympathetic (vagal) activity and LF% 
represents sympathetic system activity



Study 1 Methods

▪ 2 waves:
▪ Wave 2: 50 healthy adults were assessed for cardiac output.
▪ ES-Oxi
▪ BioZ Dx Impedance cardiography assessment: monitor based 

technology to assess impedance cardiography by providing information 
about the heart’s ability to  deliver blood to the body the amount of force 
exerted by the heart at each beat and the amount of fluid in the chest. 
Bioimpedance sensors placed on the neck and chest that monitor the 
electrical conductivity of the thoracic part of the body to assess 12 
different parameters including cardiac output, contractility, systematic 
vascular resistance and thoracic fluid content.    



Study 1 Methods: Statistics 

▪ Pearson product-moment correlation:  to determine the strength of the relationships 
between: (1) ES-BC and DXA for body fat percentage and fat mass and (2) ES Oxi and 
BioZ Dx at baseline and after both bouts of exercise for cardiac output. To evaluate the 
presence of systematic error between each pair of variables, Pearson product-moment 
correlation was utilized to compare the average of the methods and the mean 
difference score for each method. 

▪ Bland–Altman analysis was used to determine absolute limits of agreement for each 
variable.

▪ For autonomic nervous system activity, we used linear regression to determine the 
predictability of EIS-GS HF (normal range 22%–34%) on HRV LF (normal range 22%–
46%). We evaluated the adjusted R2 of the model and the 95% confidence intervals of 
the intercept and slope to assess the level of systematic error between the two variables. 
We used alpha = 0.05 as the criterion for statistical significance.



Study 1 Results: Body composition

American Council on 
Exercise criteria

ES-BC DXA

Athlete:
Women 14-20%
Men 6-13%

8% 16%

Fitness:
Women 21-24%
Men 14-17%

18% 22%

Average:
Women 25-31%
Men 18-24%

40% 30%

Obesity:
Women >32%
Men >25%

34% 32%

Chi square between ES-BC and DXA: disparate proportion classifications (p<0.001)



Study 1 Results: Body composition

Adequate agreement between ES-BC and DXA mean values. 
Correlation for fat mass r=0.97, p<0.001

Correlation for body fat percentage r=0.92, p<0.001



Study 1 Results: Body composition

ES-BC overestimated fat mass by 0.1 kg 
and body percentage by 0.4% with wide 
limits of agreement for each variable:

Fat mass: -7.0 to 7.2 kg
Body fat percentage: -8.8 to 9.5%

For fat mass systematic error was 
observed as indicated by significant 
correlation between the differnce value 
and the average score (r=0.60, p<0.001) 

For body fat % there was also significant 
correlation found between the difference 
value and the average score (r=0.61, 
p<0.001); therefore, having systematic 
error. 



Study 1 Results: Autonomic nervous system activity

▪ EIS-GS HF as the predictor variable and HRV LF as 
the dependent variable in linear regression:
▪ Statistical significant (p<0.001) with adjusted R2 of 0.56.
▪ There was some level of systematic error 
▪ 95% CI of intercept 1.02 – 14.7  not include 0
▪ 95% CI of slope 0.78 and 1.30  does include 1

Moderador
Notas de la presentación
n statistics, the coefficient of determination, denoted R2 and pronounced R squared, indicates how well data points fit a statistical model – sometimes simply a line or curve. It is a statistic used in the context of statistical models whose main purpose is either the prediction of future outcomes or the testing of hypotheses, on the basis of other related information. It provides a measure of how well observed outcomes are replicated by the model, as the proportion of total variation of outcomes explained by the model.[1] This statistic measures how successful the fit is in explaining the variation of the data. Put another way, R-square is the square of the correlation between the response values and the predicted response values. It is also called the square of the multiple correlation coefficient and the coefficient of multiple determination. 



Study 1 Results: Cardiac output

▪ Strong correlation values at baseline r=0.6, p<0.001, after first 
exercise stage r=0.79 p<0.001) and second exercise stage r=0.86, 
p<0.001.



Study 1 Results: Cardiac output

Baseline cardiac output limits of agreement -
1.9 to 2.4 L/min
Stage 1 exercise cardiac output -1.5 to 1.6 
L/min
Stage 2 exercise cardiac output -1.3 to 1.4 
L/min

ES-Oxi overestimated baseline and stage 1 
exercise cardiac output by 0.3L/min and 
0.1L/min , respectively, but exactly estimated 
stage 2 exercise cardiac output with narrow 
limits of agreement for each variable. 

No systematic error observed for baseline and 
stage 2 exercise cardiac output (r0.18, p=0.20 
and r=0.28, p=0.0, respectively)
Systematic error observed for stage 1 exercise 
cardiac output (r=0.40, p<0.01)



Study 1 Conclusions

▪ ES-BC and ES-Oxi accurately assessed body composition and 
cardiac output compared to standardized instruments

▪ EIS-GS showed marginal predictive ability for autonomic nervous 
system activity. 

▪ The ESC-TSS would be useful to help detect complications related 
to metabolic syndrome, diabetes and cardiovascular disease and 
to non-invasively and rapidly manage treatment follow-up. 



Study 2: Evaluating a New Approach to Detect Type 2 
Diabetes Mellitus using the ES Complex TSS

The purpose of this study was to evaluate the 
effectiveness of the ESC-TSS in detecting T2DM.

▪ Full-blown T2DM

▪ Pre-diabetes

▪ Early pre-diabetes



Methods -- Screening: Exclusion Criteria

▪ Refuse consent to the study

▪ Diabetic (for control group)

▪ Pregnant

▪ Undergoing external 
defibrillation

▪ Implanted electronic device

▪ Acute fever

▪ Taking diuretics

▪ Prior renal or heart failure

▪ Edema

▪ Used alcohol or stimulants 12 
hours before the assessment

▪ Diarrhea at the time of the 
assessment

▪ Participated in intense 
physical activity or sauna use 
8 hours prior to the 
assessment

▪ Worn fingernail polish or false 
fingernails during the testing



Methods

Phone 
Screening

Authorization 
Forms

Blood draw

ESC TSS 
Assessment



Blood laboratory tests

 Healthy controls:
 OGTT (0, 10, 20, 30, 60, 90, 120 minutes)

 Fasting glucose (expect <100 or 100-125)

 Insulin
 C-peptide

 Diabetics:
 HbA1c (expect 5.7% - 6.4% or >6.5%)

 Lipids (expect ↑HDL, ↑VLDL, ↑trig.)

 Fasting glucose (100-125 or >125)

Moderador
Notas de la presentación
Insulin resistance and type 2 diabetes are associated with a clustering of interrelated plasma lipid and lipoprotein abnormalities, which include reduced HDL cholesterol, a predominance of small dense LDL particles, and elevated triglyceride levels. Each of these dyslipidemic features is associated with an increased risk of cardiovascular disease.



ESC-TSS Methods

Calibration;  
Occlusion 

Test 

Oximeter; 
GSR 

Device
Valsalva

Maneuver
Deep 

Breathing
Standing 
Position CMRS



Preliminary Results: Demographics



Frequencies of Type 2 Diabetes Treatment 
Methods

Type 2 Diabetes Treatment 
Method

Frequency

Metformin (Sensitizer)
Yes 17 (68.0%)
No 8 (32.0%)

Secretagouge
Yes 7 (28.0%)
No 18 (72.0%)

Insulin
Yes   5 (20.0%)
No 20 (80.0%)



Cardiometabolic risk score

CMRS Ranges

0 - 4     Low Risk
5 - 8     Mild Risk
9 - 14   Moderate Risk
15 - 18 Severe Risk



Background

“[An] approach to derive information about cardiovascular properties from the 
pulse wave is based on analysis of an optically derived finger or digital volume 
pulse (DVP). [T]his approach deserves further consideration, not least because 
of its simplicity and ease of use. The technique has the potential to provide an 
estimate of large artery stiffness. Stiffening of large arteries is an inevitable 
consequence of ageing, and the ability to identify premature vascular 
stiffening may be of considerable value in the prevention of cardiovascular 
disease.”
-- Millasseau, S.C., Ritter, J.M., et al, “Contour analysis of the photoplethysmographic pulse measured at the finger” (2006)



Sample ESC-TSS test result, CMRS = 1

Healthy control subject (athlete: nationally-ranked swimmer)



Sample ESC-TSS test result, CMRS = 11

Diabetic subject



Sample ESC-TSS test result, CMRS = 12

Diabetic subject (poorly-controlled)



Variable
(Min)

Glucose at 
0

Glucose 
at 60

Glucose 
at 120

Insulin at 
0

Insulin at 
60

Insulin at 
120

C-peptide 
at 0

C-
peptide 
at 60

C-peptide 
at 120

CMRS
r = 0.55

p = 0.005
r = 0.41
p = 0.04

r = 0.58
p = 0.002

r = 0.25
p = 0.22

r = 0.44
p = 0.03

r = 0.58
p = 0.003

r = 0.57
p = 0.003

r = 0.40
p= 0.051

r = 0.59
p = 0.002

Preliminary Results: Correlation of Cardiometabolic Risk 
Score and Lab Test Results – Control Group



Frequency of CMRS Calculated by the Electro Sensor 
Complex for the Control Group
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Frequency of CMRS Calculated by the Electro 
Sensor Complex for the Experimental Group
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Methods: Receiver Operating Characteristic curve 
(ROC curve)

▪ Sensitivity (also called the true positive rate) measures the proportion of actual positives 
that are correctly identified as such (e.g. the percentage of people with T2DM who are 
correctly identified as having the T2DM)

▪ Specificity (sometimes called the true negative rate) measures the proportion of 
negatives that are correctly identified as such (e.g. the percentage of healthy people who 
are correctly identified as not having the condition).

▪ The ROC curve shows the tradeoff between sensitivity and specificity (any increase in 
sensitivity will be accompanied by a decrease in specificity).
▪ The closer the curve follows the left-hand border and then the top border of the ROC space, the 

more accurate the test. 
▪ The area under a ROC curve quantifies the overall ability of the test to discriminate between 

those individuals with the disease and those without the disease. A truly useless test (one no 
better at identifying true positives than flipping a coin) has an area of 0.5. A perfect test (one 
that has zero false positives and zero false negatives) has an area of 1.00

Moderador
Notas de la presentación
If patients have higher test values than controls, then:The area represents the probability that a randomly selected patient will have a higher test result than a randomly selected control. If patients tend to have lower test results than controls:The area represents the probability that a randomly selected patient will have a lower test result than a randomly selected control. For example: If the area equals 0.80, on average, a patient will have a more abnormal test result than 80% of the controls. If the test were perfect, every patient would have a more abnormal test result than every control and the area would equal 1.00.If the test were worthless, no better at identifying normal versus abnormal than chance, then one would expect that half of the controls would have a higher test value than a patient known to have the disease and half would have a lower test value. Therefore, the area under the curve would be 0.5. 



Preliminary results: ROC Curve showing the 
accuracy of the CMRS through a visual index. 

*The further the curve falls above the reference line, the 
more accurate the CMRS test.  The area under the curve 
(0.91, SE = 0.04) represents the probability that the 
CMRS for a randomly chosen type 2 diabetes case will 
exceed the result for a randomly chosen healthy control 
case.

*According to the curve coordinates, CMRS values 
between 3.5 and 5 gives the sensitivity and specificity 
values that would be considered comparable to what is 
recommended in the literature. 



Preliminary results: ROC Curve showing the accuracy of the 
PTGTPVLFi (plethysmography very low frequency)

PTGTPVLFi
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Preliminary Conclusions

▪ CMRS effectively detects health status as effectively as lab tests while also taking into account 
individualized factors such as age, weight, BMI, and fat mass, etc. The correlations were more 
significant for the control group than the diabetic group; however, the ROC Curve for CMRS still 
suggests that the ESC is very good for predicting who a type 2 diabetes patient is based on the 
CMRS.

▪ The physician can detect whether a patient has even a mild risk for becoming diabetic and 
create personalized treatment plans earlier.

▪ If the patient is already diabetic, this machine can be used as a screening tool over time to see if 
treatment plans are working and the CMRS is declining. 

▪ With early detection and a proactive approach, mere lifestyle changes could prevent someone 
from a more severe diagnosis and could possibly allow them to eliminate their risk and lead 
higher quality healthy lives.

▪ We’d like to have diagnostic data that guides the physician in creating a customized plan for the 
patient – e.g., would the patient benefit more from adjusting his diet than starting an exercise an 
exercise program? The ESC-TSS might be the diagnostic device to facilitate that.
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