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Objectives

1. Prevalence of and pathogenesis of type 2 diabetes

Review current American Diabetes Association
criteria for diagnosis of insulin resistance and type 2

diabetes

Examine traditional clinical measurements used to
diagnose and manage type 2 diabetes

Discuss current and emerging tools for detection of
insulin resistance/type 2 diabetes

Diabetes Facts

* Diagnosed cases of diabetes
increased by 128% from 1988 to
2008

25.8 million Americans (8.3%) have
diabetes

> 85% of people with type 2
diabetes are overweight or obese

Complications of Diabetes

Heart disease noted on 68% of
diabetes-related death certificates
(2-4 fold increase in risk)

Leading cause of blindness and
kidney failure

60-70% have mild to severe
neuropathy

65,700 amputations are performed
annually
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Prevalence of Diabetes

Non-Hispanic whites _ 7.6
Asian Americans _ 9.0
bisparics | 12 5
Non-Hispanic blacks _ 13.2
American Im.iiansf _ 15.9
Alaska Natives

Metabolic Responses to Blood Glucose

A Insulin Secretion Pancreas N { Insulin secretion

{ Glucagon secretion / /> Glucagon secretion

Glycogenolysis

5 Gluconeogenesis
/" Glucose disposal and storage

>75%

Pancreatic Response to Hyperglycemia
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Skeletal Muscle Response to Hyperglycemia
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Skeletal Muscle Insulin Resistance
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Clinical Criteria for Diagnosis of Pre-
Diabetes and Diabetes

Pre-diabetes
= |mpaired Fasting Glucose (IFG) 100 -125 mg/dL
= |Impaired Glucose Tolerance (IGT) 140-149 mg/dL

Diabetes

= Fasting plasma glucose > 126 mg/dL

= Oral glucose tolerance test = 200 mg/dL
= Hemoglobin A1C (HbAlc) = 6.5%

= Random plasma glucose = 200 mg/dL

Clinical Criteria for Diagnosis of Diabetes

Fasting Plasma Glucose (FPG)

= Fasting is defined as no caloric intake for at least 8
hours

= Should be repeated once

Oral Glucose Tolerance Test

= Use a glucose load containing the equivalent of 75 g
anhydrous glucose dissolved in water

= Measure blood glucose response 2 hours later
= Should be repeated once
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Clinical Criteria for Diagnosis of Diabetes

HbAlc

= Correlates well with microvascular disease
= Advantages

= Disadvantages

= Should be repeated once to confirm. If criterion for A1C (>
6.5%) is met but not the FPG (i.e. < 126 mg/dL), diagnosis
of type 2 diabetes should be made

Clinical Criteria for Diagnosis of Diabetes

Random Plasma Glucose
e >200 mg/dL
¢ Classic symptoms of hyperglycemia or hyperglycemic crisis

Direct Measurement of Insulin Sensitivity
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Hyperinsulinemic-Euglycemic Clamp

Antecubital vein infusion catheter and
contralateral dorsal vein sampling catheter

1 ]

Constant insulin infusion (hyperinsulinemia)
(5 - 120 mU/m?/min)

!

20% dextrose infused to maintain
euglycemia (e.g. 100 mg/dL) by measuring
PG every 5-10 minutes

1

Greater glucose infusion rate = greater
insulin sensitivity

*Assumes that hyperinsulinemia suppresses HGP. Since no net change occurs in PG under the “clamp”, GIR
must be equal to disposal rate (M). Tracers (3-3H glucose) and/or 4 insulin infusion

** Significantly greater then baseline

#Insulin Sensitivity
L}
4
2
0

Baseline  12-wksPost  Moderate High

Sleiame = M / (G X A1)

lamp.

Where M = GIR/[SSPG] and Al = Difference between fasting and SSPI

Insulin Suppression Test (IST)

Overnight Fast

Constant infusion of insulin al r’
steady-state plasma insulin (SSPI) and glucose (SSPG) concentrations ~~

SSPI is similar between participants. SSPG is higher in insulin-resistant than
insulin sensitive participants
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Indirect Measurement of Insulin Sensitivity

Intravenous Glucose Tolerance Test

*Dose: 11 * Dose: 0.02 U/

-20 0 20 100 140 180

Blood draws A
& 7
Measure serum glucose, insulin

Insulin sensitivity (S,) calculated using the
“MINMOD” computer program (ver. 3, Bergman)

Oral Glucose Tolerance Test

12h fast

60

Blood draws

Measure serum glucose, insulin/, Y

Reflects the efficiency of the body to dispose of glucose after an
oral glucose load

Mimics glucose and insulin dynamics more closely than the clamp.
However, insulin, incretins and other factors contribute to GT (GT not equal to IS)
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Meal Tolerance Test

12h fast

Blood draws

Measure serum glucose, insulin ,
d

Blood sampling every 5 minutes from time 0 to 30 min

Blood sampling every 10 minutes from time 30 to 180 min

Mimics glucose and insulin dynamics more closely than the clamp.
However, insulin, incretins and other factors contribute to GT
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Surrogates Derived from Fasting Steady-State
Conditions




1/Fasting Insulin

Elevations in fasting insulin levels (with normal
fasting glucose levels) correspond to increased
insulin resistance

Decreases as fasting insulin rises with insulin
resistance

Does not take into account low insulin secretion in
the face of hyperglycemia seen in diabetes or glucose
intolerance

Homeostasis Model Assessment

Used to predict fasting SSPG and insulin concentrations
Assumes a feedback loop exists between liver and B-cells
where glucose concentrations are regulated by insulin-
dependent HGP (Insulin levels depend on the pancreatic
response to glucose)

HOMA-IR = {[fasting insulin (uU/mL)] x [fasting glucose (mmol/L)]/22.5

22.5 is a normalizing factor derived from “normal” fasting
insulin (5 pU/mL) and FPG (4.5 mmol/L)
“Normal” insulin sensitivity, HOMA-IR = 1

Homeostasis Model Assessment

HOMA-IR correlates with glucose clamp (Fisher G et al., unpublished)

Over wide ranges of insulin sensitivity (IFG), transformation of
fasting insulin values improves relationship with glucose clamp

HOMA-IR did not correlate with glucose clamp following an exercise
intervention where insulin sensitivity improved via glucose clamp.
Suggests that improvements in insulin sensitivity with exercise are
in skeletal muscle (HOMA-IR is a better reflection of liver insulin
sensitivity) (Fisher G et al., unpublished)

Does not correlate with glucose clamp in individuals with B-cell
dysfunction
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Quantitative Insulin Sensitivity Check Index
(QUICKI)

QUICKI = 1/[log (fasting insulin, pU/mL) + log (fasting glucose, mg/dL)]
QUICKI is more strongly correlated with S| than SI from
HOMA-IR

Clamp

Log HOMA-IR and QUICKI are comparable

QUICKI is the most thoroughly evaluated and validated
surrogate index for Sl

Changes in QUICKI with therapeutic interventions are
significantly correlated with changes in SI clamp

(Chen H, et al, Am J Physiol Endocrinol Katsuki A, et al. J Clin End
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