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PREFACE

In the United States, 40 to 45% of those over 60 years of age have the metabolic
syndrome (1,2,3), and this percentage, based on estimates of the increasing prevalence
of excess body weight and the more comprehensive diagnostic criteria for the syndrome,
is likely to exceed 60% in newer survey analyses. Children and adolescents, too, are
being affected by the metabolic syndrome, in parallel with the increasing prevalence of
overweight in young people, now estimated to include 16% of those age 6 to 19 years.
Clinicians see with increasing frequency that routine office visits demonstrate the meta-
bolic syndrome, a constellation of discrete but closely related metabolic disturbances
indicative of increased risk for (or presence of) cardiovascular disease and/or diabetes.
All estimates suggest the increasing impact of the metabolic syndrome on mortality and
morbidity (4).

Our aim in developing this new synthesis and analysis of the metabolic syndrome
has been to bring together the viewpoints of the epidemiologists, the physiologists, the
molecular biologists/biochemists, and the clinicians toward understanding the current
state of knowledge of both the causes and the consequences of the metabolic syndrome.
These writers aim to stimulate new thinking concerning underlying mechanisms and to
encourage heightened efforts to develop new therapeutics, potentially targeting uniquely
intersecting pathways or points of intervention. This book is an extended call to action
to slow or halt the rising tide of the metabolic syndrome (5).

The metabolic syndrome, including the links among its features, its underlying causes,
and its recognized clinical importance, provides the framework for this book, which
considers the current status of both basic and clinical science. This is part of a series initi-
ated by G. Reaven and A. Laws (eds.), with Insulin Resistance: The Metabolic Syndrome
X (Humana Press, 1999). By design, it builds upon two other prior volumes: E. Shafrir
and B.C. Hansen (eds.), Insulin Resistance and Insulin Resistance Syndrome (United
Kingdom: Harwood Academic Publishing, 2002), and B.C. Hansen, J.A. Saye, and L.P.
Wennogle (eds.), The Metabolic Syndrome X: Convergence of Insulin Resistance,
Glucose Intolerance, Hypertension, Obesity and Dyslipidemias—Searching for the
Underlying Defects (Annals of New York Academy of Sciences, New York, NY, 1999).
During these eight years, many of the concepts of the metabolic syndrome have been
examined, tested, and strengthened, and, while the basic parameters remain, our thinking
about this syndrome and its treatment has undergone considerable refinement.

Major progress has been made in understanding the importance of this syndrome,
and in recognizing it as a clinical diagnosis through its inclusion, in 2001, as a new
(ICD-9-CM) code (277.7) termed the dysmetabolic syndrome.

The interrelationships between metabolic syndrome features and the utility of a meta-
bolic syndrome diagnosis are debated by several authors, with the current but limited
conclusion concerning treatment that the best approach may be to treat “. . . individually
and aggressively all cardiovascular disease risk factors, . . .” and to treat all collectively
as therapeutic agents and new developments allow. Acceptance of risk factor clustering
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(obesity, hyperglycemia, elevated triglycerides and low HDL cholesterol levels, hyper-
tension) is shared by all authors, although their perspectives vary widely on the interpre-
tation of this undisputed fact. Both obesity and insulin resistance are frequently named
as underlying or predisposing features of the metabolic syndrome; however, multiple
metabolic disturbances have now been identified as early markers and potential contribu-
tors to the underlying pathology, including inflammatory cytokines and adipokines,
endothelial dysfunction, tissue-specific defects in insulin action and signaling, oxidative
stress, ectopic lipid deposition, and disordered neuroregulation.

Beyond the basic features of the metabolic syndrome lies a sophisticated array of
pathway alterations, for example, in the complex profiling of the dyslipidemia, together
with its multi-organ sources of disturbances.

While the first line of treatment, sometimes referred to as lifestyle modifications,
including diet to produce weight reduction and reduce adiposity and exercise as a
general health modifier, remains, more aggressive attention to medically modifying the
specific features of the metabolic syndrome toward healthier levels is broadly supported
by the authors.

Metabolic syndrome today is one of our most challenging health problems and one
with an extraordinary need for early intervention and prevention to slow or halt its
progression. Only through an understanding of the science underlying this syndrome
can successful interventions be developed and implemented. The editors welcome your
input and dialog as together we advance the field of metabolic syndrome and its
prevention/treatment.
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Figure 14.5. Islet histology of IRS2""::Pten™ intercross mice. Representative islet
histology of pancreas sections from 3-month-old (left panels) and 6-8-month-old (right
panels) mice immunostained with antibodies against insulin (green) and glucagon (red)
photographed with a 5x or 20x objective. Scale bars: 500 um. Islet morphometric
analysis of IRS2" ::Pten™" intercross mice at 6-8 months of age. Islet size calculated
by mean cross-sectional area of multicelled islets reported as microns x10°/islet. Results
are expressed as mean *SEM of at least 5 mice per group. (See discussion on
p- 263.)

Figure 14.6. A diagram showing the putative specificity between IRS1 and IRS2 sig-
naling in hepatic regulation of gene expression through the phosphorylation and
cytosolic translocation of FOXO1 and FOXA2. Nuclear FOXO1 largely mediates glu-
coneogenesis, whereas nuclear FOXA2 promotes fatty acid oxidation and inhibits syn-
thesis. Since FOXA2 might be targeted for phosphorylation through IRS1 and IRS2
signaling, it might be coupled more tightly than FOXO1 to insulin stimulation under
certain conditions. This imbalanced coupling can result in the characteristic gluconeo-
genesis and fatty acid synthesis that occurs in type 2 diabetes. (See discussion on
p. 265.)

Figure 14.7. Schematic diagram of feedback inhibition of insulin signaling mediated
by serine phosphorylation of IRS1. Various kinases in the insulin signaling cascade are
implicated in this feedback mechanism, including PKB, mTOR, S6K, and ERK. Other
kinases activated by heterologous signals are also involved. (See discussion on
p. 266.)

Figure 14.8. A diagram describing the intersection of glucagon-like peptide-1 (GLLP1)
signaling and insulin/IGF signaling. GLP1 strongly activates the cAMP—CREB signal-
ing cascade in B-cells, which promotes the expression of various genes, including IRS2.
Since IRS2 is important for activation of various pathways that promote B-cell function,
some of the long-term effects of GLP1 can be mediated through IRS2 expression. IRS-2
function is also a target of proinflammatory cytokines, so IRS2 can integrate many of
the conflicting signals that reach B-cell. (See discussion on p. 268.)

Figure 18.3. Effects of insulin on metabolic pathways in the liver. Inhibitory effects
on enzyme activities or substrate concentrations are indicated with () and stimulatory
effects with (4). Primary effects are indicated by circles and secondary effects by boxes.
Effects on new enzyme synthesis are preceded by an “S”. (See discussion on p. 353.)
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Figure 18.4. Summary of insulin effects on the components of principal glucose fluxes
during meal absorption, and their impairment in type 2 diabetes. (See discussion on
p.- 355.)

Figure 18.5. Schematic illustrating some of the interactions between glucose and lipid
metabolism, and demonstrating that increased glucose production will increase both
FFA and liver lipid deposition, which in turn will accelerate gluconeogenesis. (See
discussion on p. 357.)



1 Metabolic Syndrome—

Past and Future
An Introduction to the Features of This Book

Barbara Caleen Hansen, Rosemary Peternel,
and George A. Bray

CONTENTS

BACKGROUND
NATURAL HISTORY
CHAPTER SUMMARIES

BACKGROUND

This volume is a review by clinicians and researchers of the broad spectrum of
research on the metabolic syndrome and its underlying disturbed pathways. It provides
insights useful in understanding some of the features and processes in the development
of diabetes and cardiovascular disease. Although there are differences of opinion about
the value of the metabolic syndrome, it has one important aspect: It focuses attention
on clinical considerations related to diabetes and heart disease.

The present volume is divided into three parts: The first part covers the epidemiologi-
cal and clinical treatment perspectives; the second part is a discussion of endothelial
function, inflammation, and dyslipidemia—features central to insulin resistance and
vascular disease, including the contributions of C-reactive protein and adipocytes/
adipose tissue; and the third part explores insulin secretion and action and their underly-
ing mechanisms, involving pancreatic islet pathophysiology, glucagonsrelated peptides,
the insulin receptor signaling cascade, deposition of fat in muscle, alterations in atypical
protein kinase-C (APK-C), and the role of the liver.

There are also pointers for future research directions, for improved diagnostic crite-
ria, and for recognition of important pathways that will allow for better treatment
alternatives and understanding of micro- and macrophysiological processes. As expected
with a cross-disciplinary book of this type, some chapters cover topics that appear in
other chapters providing different perspectives on the same problem. Several themes
are reinforced throughout this volume: First, multiple, simultaneous treatment strategies

From: Contemporary Endocrinology: The Metabolic Syndrome: Epidemiology, Clinical
Treatment, and Underlying Mechanisms
Edited by: B.C. Hansen and G.A. Bray © Humana Press, Totowa, NJ
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2 The Metabolic Syndrome

are needed to improve individual risk factors and the pathophysiology they represent;
second, changes in behavioral lifestyle are needed, including reducing obesity, smoking
and alcohol use, improving diet, and increasing daily exercise; and third, drugs targeting
peroxisome proliferator—activated receptors, as well as other multifunctional drugs, hold
promise for overall improved health status and reduction or prevention of the metabolic
syndrome.

NATURAL HISTORY

The metabolic syndrome can be considered as a clustering of several risk factors,
including hypertension, dyslipidemia, impaired glucose tolerance, and central adiposity.
The recognition of this clustering has evolved over almost 90 years. According to Pan-
teleimon Sarafidis’ and Peter Nilsson’s historical account of the origins of the metabolic
syndrome, during World War I, two Austrian physicians, Karl Hitzenberger and Martin
Richter-Quittner, identified a link between hypertension and diabetes (1). Furthermore,
they identify Eskil Kylin and Gregorio Maranon, respectively a Swede and a Spaniard,
who published similar findings in this period (1). Another discovery that Sarafidis and
Nilsson refer to is H.P. Himsworth’s distinguishing between insulin-resistant and
insulin-sensitive diabetics in 1936—suggesting a common pathophysiological back-
ground linking metabolic risk factors (1). During the 1940s, M.J. Albrink and J.W.
Meigs associated obesity with hyperglycemia and dyslipidemia, as reported by Sarafidis
and Nilsson (1). Also during the 1940s, Jean Vague described the male fat distribution
and its consequences (2-6). The link between the syndrome features and cardiovascular
disease was made as early as the 1960s by Welborn and by Camus, the latter coining
the term trisyndrome métabolique (7-9).

Nutrition and lifestyles were implicated during the 1960s, and fatty acids were identi-
fied as contributing to diabetes and insulin resistance. Advances in the 1970s and early
1980s expanded our understanding of the link of these to coronary heart disease, even
in the absence of diabetes, and linked the metabolic risk factors to atherosclerosis
(10-12). In 1988, G.M. Reaven grouped several metabolic disorders together as syn-
drome X and proposed that insulin resistance was the underlying event explaining dys-
lipidemia, high blood pressure, and diabetes (13), and this characterization was further
examined by DeFronzo and Ferranini in 1991 (14). These factors were then observed
to be influenced by both genetic and environmental factors. Many other names were
proposed for this syndrome (15-19), including the plurimetabolic syndrome (1988)
(20), the deadly quartet (1989) (21), syndrome X plus (1991) (22), metabolic syndrome
X (13), the metabolic syndrome (23), the insulin resistance syndrome (1991) (14),
the cardiovascular disease risk factor cluster (1992) (24), and diabesity (1993) (25);
however, from the mid-1990s onward, the term metabolic syndrome has been most
used. Since the underlying mechanisms are not yet known, the insulin resistance syn-
drome (the secondary contender for a syndrome title), which implies cause, has been
less used.

Over the past 10 years, the definition of the metabolic syndrome has been hotly
debated, and debate continues on even whether there is or is not such a syndrome (26).
(Also, see Reaven, Chapter 2 in this volume.) The organization-endorsed definitions
began with the World Health Organization proposal of 1998 (27), and this was followed
in 1999 by an insulin resistance—-focused definition by the European Group for the Study



	The Metabolic Syndrome: Epidemiology, Clinical Treatment, and Underlying Mechanisms (Contemporary Endocrinology)
	Front-matter
	Title Page

	Copyright Page

	PREFACE
	ACKNOWLEDGMENTS
	REFERENCES

	Table of Contents (with page links in titles & page numbers)
	CONTRIBUTORS
	COLOR PLATES

	1 Metabolic Syndrome Pastand Future An Introduction to the Features of This Book

	BACKGROUND
	NATURAL HISTORY
	CHAPTER SUMMARIES
	REFERENCES

	I.
Epidemilogy And Clinical Treatment: Issues In Defining And Treating The Metabolic Syndrome 
	2 Metabolic Syndrome To Be or Not to Be?

	INTRODUCTION
	IT'S A BIRD! IT'S A PlANE! IT'S THE METABOLIC SYNDROME!
	WHAT IS THE RELATIONSHIP AMONG THE METABOLIC SYNDROME DIAGNOSTIC CRITERIA: CASUAL OR CAUSAL?

	Glucose Intolerance
	Dyslipidemia
	PLASMA TG CONCENTRATION
	POSTPRANDIAL LIPEMIA
	HDL CHOLESTEROL
	LDL PARTICLE DIAMETER
	ATHEROGENIC LIPOPROTEINS AND INSULIN RESISTANCE

	Blood Pressure
	Insulin Resistance and Procoagulant and Proinflammatory Factors

	EXCESS ADIPOSITY, INSULIN RESISTANCE, CVD, AND THE METS
	Obesity and Insulin-Mediated Glucose Uptake (IMGU)
	WC versus BMI as Predictors of IMGU

	Relationship Among Adiposity, Insulin Resistance, and CVD Risk
	PREVALENCE OF INSULIN RESISTANCE AS A FUNCTION OF BMI
	INTERACTION AMONG BMI, INSULIN ACTION, AND CVD RISK FACTORS
	OBESITY DOES NOT NECESSARILY TRANSLATE INTO INCREASED CVD RISK


	WC IS NOT THE SAME AS VISCERAL OBESITY
	Visceral Obesity and Insulin Resistance
	Visceral Fat and Adverse Clinical Outcomes

	IS THERE CLINICAL UTILITY IN DIAGNOSING THE METS?
	CONCLUSION
	REFERENCES

	3 The Role of Obesity in Insulin Resistance Epidemiological and Metabolic Aspects

	OVERVIEW
	METABOLIC SYNDROME AND OBESITY
	THE ROLE OF OBESITY IN RISK FACTOR CLUSTERING AND METABOLIC SYNDROME

	MECHANISMS FOR RISK FACTOR CLUSTERING ASSOCIATED WITH OBESITY

	TREATMENT OPTIONS TO REDUCE RISK FACTOR CLUSTERING ASSOCIATED WITH OBESITY

	CONCLUSIONS
	REFERENCES

	4 Treatment of the Metabolic Syndrome with Weight Loss, Exercise, Hormones, and Surgery

	ABSTRACT
	INTRODUCTION
	CENTRAL ADIPOSITY AND VISCERAL FAT
	Effects of Weight Loss on Central Adiposity
	Exercise and Loss of Body Weight and Visceral Fat
	Medications
	RIMONABANT
	ORLISTAT
	SIBUTRAMINE

	Surgery
	LAPAROSCOPIC PLACEMENT OF A GASTRIC BAND
	THE SWEDISH OBESE SUBJECTS TRIAL
	LIPOSUCTION AND OMENTECTOMY


	HORMONAL INFLUENCES ON CENTRAL ADIPOSITY
	Growth Hormone
	Testosterone and Anabolic Steroids
	Dehydroepiandrosterone
	Cortisol

	CONCLUSION
	REFERENCES

	5 Insulin Resistance, Metabolic Syndrome, and Cardiovascular Disease An Epidemiological Perspective

	INSULIN RESISTANCE AND SURROGATE MEASURES FOR INSULIN RESISTANCE

	THE METABOLIC SYNDROME AND CARDIOVASCULAR DISEASE
	MECHANISMS
	SUMMARY
	REFERENCES

	6 The Sympatho-Adrenal System in the Metabolic Syndrome

	SYMPATHETIC NERVOUS SYSTEM (SNS) ACTIVITY IS INCREASED IN THE METABOLIC SYNDROME

	Increased SNS Activity in Obesity
	Insulin Stimulates the SNS
	Insulin Is Associated with Hypertension
	INSULIN ENHANCES RENAL SODIUM REABSORPTION
	LEPTIN STIMULATES SNS ACTIVITY


	HOW AND WHY INSULIN STIMULATES THE SNS
	Insulin Mediates Dietary Changes in SNS Activity
	Insulin-Mediated Sympathetic Stimulation Underlies Dietary Thermogenesis
	THE ADAPTIVE SIGNIFICANCE OF INSULIN RESISTANCE
	THRIFTY METABOLIC TRAITS INVOLVE THERMOGENESIS AND INSULIN RESISTANCE



	INSULIN RESISTANCE AND THE METABOLIC ECONOMY OF THE OBESE STATE

	Insulin Resistance as a Compensatory Mechanism
	SELECTIVE INSULIN RESISTANCE
	INCREASED SYMPATHETIC ACTIVITY IN OBESITY DEPENDS ON INSULIN AND IS LINKED TO BLOOD PRESSURE 



	CAN INCREASED SNS ACTIVITY BE THE PRIMARY ABNORMALITY IN THE METABOLIC SYNDROME?

	The "Chicken-and-Egg" Question
	Evidence Against a Primary Role for the SNS

	DECREASED EPINEPHRINE SECRETION CONTRIBUTES TO THE DYSLIPIDEMIA OF THE METABOLIC SYNDROME

	Adrenal Medullary Activity Is Diminished in Obesity
	Low Levels of Epinephrine Are Related to High Triglyceride and Low HDL-Cholesterol Levels


	TWO NEWLY RECOGNIZED FACTORS THAT INVOLVE THE SNS AND THAT MAY INFLUENCE THE DEVELOPMENT OF THE METABOLIC SYNDROME

	Sleep Disorders
	OBSTRUCTIVE SLEEP APNEA
	SLEEP DEBT Is ASSOCIATED WITH INCREASED CORTISOL LEVELS AND INSULIN RESISTANCE

	LOW BIRTH WEIGHT



	IMPLICATIONS FOR TREATMENT
	Lifestyle Modifications
	DIETARY RECOMMENDATIONS

	Pharmacological Treatment
	HYPERTENSION
	THIAZOLIDINEDIONES


	CONCLUSIONS: FEAST OR FAMINE-THE LEGACY OF THRIFTY METABOLIC TRAITS IN THE FACE OF AN ABUNDANT FOOD SUPPLY

	REFERENCES


	II.
Endothelial Function, Inflammation, and Dyslipidemia 
	7 Insulin Action and Endothelial Function

	INTRODUCTION
	MOLECULAR MECHANISMS OF INSULIN SIGNALING IN THE VASCULATURE

	Insulin Signaling Pathways Regulating Production of NO

	INSULIN RECEPTOR TYROSINE KINASE
	INSULIN RECEPTOR SUBSTRATES
	PHOSPHATIDYLINOSITOL 3-KINASE
	PHOSPHOINOSITIDE-DEPENDENT KINASE I (PDK-I)
	ROLE OF AKT/PKB

	CHARACTERISTIC FEATURES OF ENOS ACTIVATION IN RESPONSE TO INSULIN

	Insulin-Stimulated Secretion of ET-1

	Insulin-Stimulated Expression of Adhesion Molecules

	Other Hormones that Mimic Insulin Signaling in Endothelium

	PHYSIOLOGICAL MECHANISMS OF INSULIN ACTION IN THE VASCULATURE

	Insulin and Nitric Oxide-Dependent Vasodilation
	Insulin Action Couples Hemodynamic and Glucose Homeostasis
	PARALLEL INSULIN SIGNALING PATHWAYS IN METABOLIC AND VASCULAR TISSUES


	Integrated Actions of Insulin in Skeletal Muscle Beds
	Insulin-Mediated Capillary Recruitment and Its Relationship to Total Blood Flow

	Insulin Resistance Couples Vascular and Metabolic Pathophysiology

	CONCURRENT METABOLIC AND VASCULAR INSULIN RESISTANCE
	GENERALIZED VASCULAR DYSFUNCTION IN INSULIN RESISTANCE

	EXOGENOUS INSULIN RESISTANCE INDUCES VASCULAR DYSFUNCTION

	Insulin and Endothelin Action in the Vasculature
	Emerging Metabolic Factors and the Vasculature

	CLINICAL IMPLICATIONS
	Pharmacological Therapies Targeting Insulin Resistance
	Pharmacological Therapies Targeting Endothelial Dysfunction

	FUTURE DIRECTIONS
	ACKNOWLEDGMENTS
	REFERENCES

	8 Macro- and Microvascular Disease in an Insulin-Resistant Pre-Diabetic Animal Model The JCR:LA-cp Rat

	INTRODUCTION
	THE OBESE RATS
	The cp (Corpulent) Gene
	The fa (Fatty) Gene

	THE JCR:LA-cp RAT
	MACROVASCULAR DISEASE
	CARDIOVASCULAR DISEASE IN THE JCR:LA-cp RAT
	Vascular and Myocardial Lesions
	Thrombosis
	Vasculopathy
	Cerebral Vessels
	Vascular Smooth Muscle Cells

	ABNORMAL METABOLISM
	Insulin Resistance
	Hyperlipdemia
	Cytokines and Vascular Disease Risk

	IMPAIRED WOUND HEALING
	HORMONAL STATUS AND POLYCYSTIC OVARY DISEASE
	MICROVASCULAR DISEASE
	INTERVENTIONS
	Physical/Environmental Factors
	α-Glucosidase Inhibitors

	Dietary Components and Supplements
	Anorectic/Insulin-Sensitizing Pharmaceutical Agents
	Hypolipidemic Agents and PPAR Agonists
	Nitric Oxide Metabolism
	Angiotensin Converting Enzyme Inhibitors
	Calcium Channel Antagonists
	Environmental Stress and Toxic Agents

	SUMMARY
	REFERENCES

	9 High-Sensitivity C-Reactive Protein and the Metabolic Syndrome

	ABSTRACT
	C-REACTIVE PROTEIN (CRP): BIOLOGICAL PROPERTIES AND CLINICAL USE

	CRP AND INDIVIDUAL METABOLIC SYNDROME COMPONENTS
	CRP and Obesity
	CRP and Glucose Homeostasis
	CRP and Hypertension
	CRP and Lipid Metabolism

	CRP AND THE PREVALENCE AND INCIDENCE OF METABOLIC SYNDROME: EPIDEMIOLOGICAL EVIDENCE

	COMPARISON OF THE PREDICTIVE VALUES OF CRP AND THE METABOLIC SYNDROME ON CARDIOVASCULAR AND DIABETES RISK

	IMPLICATIONS AND FUTURE RESEARCH
	REFERENCES

	10 Insulin Signaling in Adipoeytes and the Role of Inflammation

	FIRST-DEGREE RELATIVES OF TYPE 2 DIABETIC PATIENTS AND RISK OF DIABETES

	Facets of the Insulin-Resistance (or Metabolic) Syndrome (IRS) in First-Degree Relatives

	Evidence of Dysregulated Adipose Tissue in First-Degree Relatives and Insulin Resistance


	ADIPOSE TISSUE AND INSULIN RESISTANCE
	Insulin Signaling Leading to Glucose Uptake and Other Effects in Adipose Cells

	Adipose Tissue Is Dysregulated in Insulin Resistance and Type 2 Diabetes Effectson Insulin Signaling and Adipocyte Function


	ADIPOSE TISSUE AND INFLAMMATION
	Inflammatory Markers CRP and SAA

	THIAZOLIDINEDIONES
	REFERENCES


	11 Insulin Resistance and Dyslipidemia

	INTRODUCTION
	EPIDEMIOLOGY OF DYSLIPIDEMIA AND INSULIN RESISTANCE
	NORMAL LIPID AND LIPOPROTEIN PHYSIOLOGY
	ABNORMALITIES OF LIPID AND LIPOPROTEIN METABOLISM IN INSULIN RESISTANCE

	Overproduction of VLDL
	Defective VWL, Remnant, and LDL Catabolism
	Generation of Small, DenseWL
	Increased Catabolism of HDL

	Postprandial Hyperlipidemia

	SUMMARY
	REFERENCES


	III.
Insulin—Secretion and Action: Underlying Mechanisms of the Metabolic Syndrome 
	12 Pancreatic Islet Pathophysiology and Pathology in Obesity

	ABSTRACT
	OBESITY AND PANCREATIC FAT
	OBESITY AND PANCREATIC ISLET FUNCTION
	Effects of Sustained Hyperlipidemia on Insulin Secretion
	Beta Cell Lipoapoptosis and the Role of Saturated NEFAs

	LIPIDS, INSULIN RESISTANCE, AND ISLET AMYLOID FORMATION
	SUMMARY
	ACKNOWLEDGMENTS
	REFERENCES

	13 Glucagon-like Peptides and Insulin Sensitivity

	ABSTRACT
	GLUCAGON-LIKE PEPTIDES
	EXPRESSION OF THE GLUCAGON GENE
	EXPRESSION OF THE RECEPTORS FOR THE GLUCAGON-LIKE PEPTIDES

	BIOLOGICAL ACTIONS
	ACTIONS OF GLP-1

	Effects on the Islets
	Effects on the Gastrointestinal Tract
	Effects on Appetite and Food Intake
	Other Actions

	ACTIONS OF GLP-2
	EFFECTS OF GLP-I ON INSULIN ACTION
	PATHOPHYSIOLOGICAL IMPLICATIONS
	Disturbances in L-Cell Secretion
	Therapeutic Application of Proglucagon-Derived Peptides


	REFERENCES

	14 The Relationship Between the Insulin Receptor Substrates and Metabolic Disease

	INTRODUCTION
	THE MAMMALIAN INSULIN/IGF1 RECEPTOR TYROSINE KINASES

	INSULIN/IGF SIGNALING: THE BASICS
	IRS2 SIGNALING REVEALS THE LINK BETWEEN PERIPHERAL INSULIN ACTION AND PANCREATIC ß-CELL FUNCTION 

	IRS2 SIGNALING IN CENTRAL NUTRIENT HOMEOSTASIS
	INSULIN SIGNALING IN HEPATIC METABOLISM
	THE MOLECULAR BASIS OF INSULIN RESISTANCE
	Introduction
	Multisite SIT-Phosphorylation of IRS-Proteins

	IRS-PROTEIN DEGRADATION
	THE RELATION BETWEEN GLP1 AND IRS2 SIGNALING

	SUMMARY AND PERSPECTIVE
	REFERENCES

	15 Insulin Resistance and Inhibitors of the Insulin Receptor Tyrosine Kinase

	INSULIN RESISTANCE
	INSULIN SIGNALING PATHWAY
	THE INSULIN RECEPTOR
	Insulin Receptor Gene and Processing
	Functional Aspects of IR Structure
	STRUCTURAL ASPECTS OF IR AUTOPHOSPHORYLATION
	FUNCTIONAL ASPECTS OF IR TYROSINE KINASE ACTIVITY


	INSULIN RECEPTOR FUNCTION IN INSULIN RESISTANCE
	Obesity
	Diet
	Physical Activity
	Diabetes
	Inherited Insulin Resistance
	Cell Culture
	Pregnancy
	PCOS


	MECHANISMS OF IRTK INHIBITION
	Transcriptional
	Protein Inhibitors of IR Function
	TYROSINE PHOSPHATASES
	PC-1

	SOCS PROTEINS

	Inhibitors That Induce Post-translational Modification of the IR

	PROTEIN KINASE C-MEDIATED SERINE PHOSPHORYLATION
	CYTOKINE ACTIVATED SERINE KINASES
	OTHER MODELS OF POST-TRANSLATIONAL MODIFICATION


	REFERENCES

	16 Fat Feeding and Muscle Fat Deposition Eliciting Insulin Resistance An Update

	INTRODUCTION
	OVERVIEW OF LIPID METABOLISM AND INSULIN RESISTANCE
	ACUTE FATTY ACID ELEVATION CAN CAUSE MUSCLE INSULIN RESISTANCE

	MUSCLE TRIGLYCERIDE CONTENT AND INSULIN RESISTANCE
	Animal Studies
	Human Studies

	FATTY ACID METABOLITES AND INSULIN ACTION IN MUSCLE
	Long-Chain Acyl CoAs
	DAGs and Ceramides
	FFAs and Gene Expression
	Muscle Membrane Composition

	ADIPOSE BODY DEPOTS AND FFA FLUXES TO MUSCLE
	CYfOKINES AND INFLAMMATORY PATHWAYS: AN ADDITIONAL COMPONENT OF MUSCLE INSULIN RESISTANCE IN OBESITY AND TYPE 2 DIABETES

	PHARMACOLOGICAL MANIPULATION OF MUSCLE LIPID ACCUMULATION

	PPARγ Agonists

	PPARα Agonists


	CONCLUSION
	REFERENCES

	17 Alterations in Atypical Protein Kinase C Activation in Insulin Resistance Syndromes

	INTRODUCTORY OVERVIEW
	GENERAL ASPECTS OF INSULIN SIGNALING
	TISSUE-SPECIFIC DIFFERENCES IN UPSTREAM ACTIVATORS OF aPKC AND PKB 
	INSULIN SIGNALING DEFECTS IN MUSCLE AND ADIPOSE TISSUE IN TYPE 2 DIABETES

	INSULIN SIGNALING DEFECTS IN MUSCLE IN OBESITY
	DEFECTIVE ACTIVATION OF aPKC IN MUSCLE BY PIP3 IN INSULIN-RESISTANT STATES

	INSULIN SIGNALING IN MUSCLES OF HIGH-FAT-FED RODENTS
	INSULIN SIGNALING IN LIVERS OF DIABETIC RODENTS
	INSULIN SIGNALING IN LIVERS OF HIGH-FAT-FED RODENTS AND OBESE MONKEYS

	METABOLIC CONSEQUENCES OF DIVERGENT ALTERATIONS OF INSULIN SIGNALING IN MUSCLE AND LIVER IN OBESITY AND DIABETES

	CROSSTALK BETWEEN LIVER AND MUSCLE
	TREATMENT OF INSULIN SIGNALING DEFECTS
	Exercise
	Caloric Restriction
	Thiazolidinediones
	Metformin

	CONCLUSION
	REFERENCES

	18 The Liver, Glucose Homeostasis, and Insulin Action in Type 2 Diabetes Mellitus

	INTRODUCTION
	THE BIOLOGY OF DIABETES: FOCUS ON HYPERGLYCEMIA
	IS GLUCOSE PRODUCTION INCREASED IN TYPE 2 DIABETES?
	GLUCOSE DYNAMICS IN PATIENTS WITH DIABETES: ANOTHER LOOK

	Pathophysiology
	Methods

	DIURNAL RHYTHMS AND GLUCOSE METABOLISM
	Glucose Levels and Fluxes
	Source of Glucose
	Free Fatty Acids and Hormones
	The Hypothalamus and the Suprachiasmatic Nucleus in the Regulation of Endogenous Glucose Production

	Postprandial Suppression of Endogenous Glucose Production in Normal Controls and Type 2 Diabetic Subjects


	HEPATIC INSULIN ACTION AND THE METABOLIC MACHINERY UNDERLYING GLUCOSE METABOLISM IN THE LIVER

	Glucogenic Metabolite Fluxes: Glycogenic Substrates and Signals
	Hepatic Glucose Uptake and Glycogen Synthesis
	Links Between Gluconeogenesis and Hepatic Glycogen in Type 2 Diabetes
	Hepatic Action of Insulin in Type 2 Diabetes
	GLUCOSE PRODUCTION
	GLUCOSE UPTAKE


	GLUCOSE-LIPID INTERACTIONS, REGULATION BY INSULIN, AND TYPE 2 DIABETES

	Metabolic Zonation: The Effects of O2 and Nonalcoholic Steatohepatitis


	COMPLEXITY AND THE SYSTEM PERSPECTIVE
	Theoretical Approaches

	REFERENCES

	19 Chronomics of the Metabolic Syndrome

	ABSTRACT
	A LONG LOOK BACK
	DEFINING THE METABOLIC SYNDROME: THE IMPORTANCE OF VIEWPOINT

	KEY FEATURES OF THE METABOLIC SYNDROME: A REDUCTIONIST APPROACH FOR THE EPIDEMIOLOGIST OR FOR THE CLINICAL PRACTITIONER

	THE COMPLEXITY OF THE METABOLIC SYNDROME: PATTERN RECOGNITION

	THE LONGITUDINAL DEVELOPMENT OF THE METABOLIC SYNDROME

	WHAT IS THE RECIPE FOR THE METABOLIC SYNDROME? WHAT IS IN IT? WHAT IS NOT?

	REFERENCES


	INDEX

