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NCEP/ATP:III Clinical Identification 
of The Metabolic Syndrome (3 or more)

Abdominal circumferenceAbdominal circumference
men > 40 inmen > 40 in
women > 35 inwomen > 35 in

Triglycerides > 150 mg/dlTriglycerides > 150 mg/dl
HDL cholesterolHDL cholesterol

men < 40 mg/dlmen < 40 mg/dl
women < 50 mg/dlwomen < 50 mg/dl

Blood pressure > 130/85Blood pressure > 130/85
Glycemia > 110 mg/dlGlycemia > 110 mg/dl



WHO Definition of 
The Metabolic Syndrome in Men

Hyperinsulinemia (upper quartile of the nonHyperinsulinemia (upper quartile of the non--diabetic diabetic 
population) or fasting plasma glucose population) or fasting plasma glucose ≥≥ 110 mg/dl110 mg/dl

ANDAND
at least two of the followingat least two of the following

Abdominal circumferenceAbdominal circumference
Definition 1: W/H > 0.90 or BMI > 30 kg/mDefinition 1: W/H > 0.90 or BMI > 30 kg/m22

Definition 2: Waist circ Definition 2: Waist circ ≥≥ 94 cm94 cm
DyslipidemiaDyslipidemia

TGs TGs ≥≥ 150 mg/dl or150 mg/dl or
HDL cholesterol < 35 mg/dlHDL cholesterol < 35 mg/dl

Blood pressure > 160/90 or on RxBlood pressure > 160/90 or on Rx
MicroalbuminuriaMicroalbuminuria, AER > 20, AER > 20µµg/ming/min



AACE/ACE Definition of 
The Insulin Resistance Syndrome

Cluster of abnormalitiesCluster of abnormalities
BP and lipid criteria of NCEP:ATPIII BP and lipid criteria of NCEP:ATPIII 
Abnormal glucose toleranceAbnormal glucose tolerance

Type 2 diabetes excludedType 2 diabetes excluded
Fasting glucose of 110Fasting glucose of 110--125 mg/dl or125 mg/dl or
Two hr postTwo hr post--glucose (75g) > 140 mg/dlglucose (75g) > 140 mg/dl

BMI and waist circumference BMI and waist circumference ↑↑ riskrisk
Not a criterionNot a criterion
Adjust for ethnicityAdjust for ethnicity

Other factors Other factors ↑↑ riskrisk
e.g. + family history ofe.g. + family history of type 2 diabetestype 2 diabetes



More Metabolic Syndrome
Cigarette smokingCigarette smoking
Small dense LDL and HDLSmall dense LDL and HDL
↑↑ apo Bapo B
↑↑ Uric AcidUric Acid
↑↑ Fibrinogen, Fibrinogen, ↑↑ PAIPAI--I, I, ↑↑ viscosityviscosity
↑↑ hsCRPhsCRP, IL, IL--66
↑↑ Asymmetric Asymmetric dimethylargininedimethylarginine
↑↑ HomocysteineHomocysteine
↓↓ AdiponectinAdiponectin



Why The Metabolic 
Syndrome?





Prevalence of Obesity in 
2001:Behavioral Risk Factor 

Surveillance System

MokdadMokdad AH et al, JAMA 289:78, 2003AH et al, JAMA 289:78, 2003





Age-Adjusted Prevalence of 
Obesity: NHANES

FlegalFlegal KM KM et alet al, JAMA 288:1726, 2002, JAMA 288:1726, 2002



Historic, Current and Prospective 
Obesity Prevalence Rates

Kopelman, P.G. Nature Insight, 404:637, 2000



Obesity Prevalence in 
US Children

4.2 4.64 .0
6 .16 .5

5 .0

11 .3 10 .5

15 .3 15 .5

0 .0

5 .0

10 .0

15 .0

20 .0

25 .0

A ges 6 -11 A ges 12  -19

Pe
rc

en
t o

f p
op

ul
at

io
n

1 963-65  or  1966-70 1971-74 1976-80 1988-94 1999-00

F igure  2 . O verw e igh t ch ild ren  and  ado lescen ts in  U .S . adults  (both  sexes com b ined) 
F rom  H ea lth , U n ited  S ta tes, 2002, Tab le  71. O verw e igh t is  de fined as a t or above  the  sex- and  
age-spec ific  95 th percentile  B M I cu to ff po in ts  from  the 2000  C D C  G row th  C harts . D ata  for 1963-65  
A re  fo r 6-11 year o lds and fo r 1966-70 a re  fo r 12 to  17  year o lds  (no t 12 to  19 year o lds)



Etiology of Obesity

Energy Intake > Energy ExpenditureEnergy Intake > Energy Expenditure



Obesity

↑ Food Intake ↓ Exercise  

Susceptibility Genes
Genes

Culture

Monogenic Syndromes

Environment
Adapted from Nature 404:638, 2000



ENVIRONMENT
and OBESITY

↓↓ physical activityphysical activity
↑↑ food intakefood intake



Thus, it’s 
not CHO, 
but how 

you 
respond to 

CHO!



Back to 
The Metabolic 

Syndrome



Prevalence of The Metabolic 
Syndrome by Ethnicity
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Prevalence of The Metabolic 
Syndrome Components: 

NHANES III

Ford ES, et al. JAMA. 2002;287:356-359. 
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What causes
The Metabolic 

Syndrome?





Glucose 
production

Insulin mediated 
glucose disposal

Insulin

IGT

Hypertension

Insulin 
resistance

Lipolysis

VLDL-TG (   HDL-C,
small dense LDL)

Thrombotic tendency(1)

(2)

(3)

(4)





What is the risk of 
atherosclerotic 

cardiovascular disease in 
patients with 

The Metabolic Syndrome?



The Metabolic Syndrome (WHO) and CVD 
in 55 Yr-Old Men: The Kuopio Study

LakkaLakka HH--M M et al,et al, JAMA 288:2714, 2002JAMA 288:2714, 2002



Prevalence of Self-Reported MI and 
CVA and The Metabolic Syndrome

<0.001<0.0011.3 1.3 ±±0.20.2607060702.8 2.8 ±±0.40.425352535CVACVA
<0.001<0.0012.6 2.6 ±±0.30.3600760075.1 5.1 ±±0.60.625152515MIMI

WHOWHO
0.0080.0081.3 1.3 ±±0.20.2638963893.0 3.0 ±±0.60.622162216CVACVA
0.0170.0172.9 2.9 ±±0.30.3631363134.54.5±±0.60.622092209MIMI

ATPIIIATPIII

ppPrevPrevNo MSNo MS
‘‘nn’’

PrevPrevMSMS
‘‘nn’’

Ford ES and Giles WH, Diabetes Care 26:575, 2003

(NHANES III ≥ Age 20 Yr)



Prevalence of CHD in NHANES III 
Subjects Age ≥ 50 Years: Impact of 

The Metabolic Syndrome

Alexander CM et al, Diabetes 52:1213, 2003Alexander CM et al, Diabetes 52:1213, 2003



What is the risk of type 2 
diabetes in patients with 

The Metabolic Syndrome?



The Metabolic Syndrome and 
Type 2 Diabetes Incidence

33--foldfold KokalainenKokalainen P et alP et al DiabDiab CareCare, 1999, 1999
44--fold fold Park PJ et alPark PJ et al DiabDiab CareCare, 2002, 2002
22--foldfold Hanson RL et alHanson RL et al DiabetesDiabetes, 2002, 2002

NCEPNCEP
3.53.5--foldfold Hanson RL et alHanson RL et al DiabetesDiabetes, 2002, 2002

WHOWHO
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The Metabolic Syndrome: Therapeutic 
Targets for Diabetes Prevention

Abdominal circumferenceAbdominal circumference
men > 40 inmen > 40 in
women > 35 inwomen > 35 in

Triglycerides > 150 mg/dlTriglycerides > 150 mg/dl
HDL cholesterolHDL cholesterol

men < 40 mg/dlmen < 40 mg/dl
women < 50 mg/dlwomen < 50 mg/dl

Blood pressure > 130/85Blood pressure > 130/85
Glycemia > 110 mg/dlGlycemia > 110 mg/dl



The Metabolic Syndrome: 
Targets for Diabetes Prevention

DyslipidemiaDyslipidemia
↑↑ TG TG 
↓↓ HDL cholesterolHDL cholesterol

Blood pressureBlood pressure
‘‘Insulin resistanceInsulin resistance’’

Abdominal obesityAbdominal obesity
Impaired glycemiaImpaired glycemia



The Metabolic Syndrome: 
Targets for Diabetes Incidence

DyslipidemiaDyslipidemia

The effects of statins/The effects of statins/fibratesfibrates on type 2 on type 2 
diabetes incidence are modest at diabetes incidence are modest at 
best, and mostly absent!  If anything, best, and mostly absent!  If anything, 
niacin increases glycemia.niacin increases glycemia.



The Metabolic Syndrome: 
Targets for Diabetes Incidence

Blood pressure loweringBlood pressure lowering
DiureticsDiuretics ±± ↑↑
Beta blockersBeta blockers ±± ↑↑
ACE inhibitorsACE inhibitors ↓↓
ARBsARBs ↓↓



ACE Inhibitors and ARBs and 
Type 2 Diabetes Incidence

ACE InhibitorsACE Inhibitors
CAPPPCAPPP captoprilcaptopril 0.860.86 p < 0.030p < 0.030
ALLHATALLHAT lisinoprillisinopril 0.690.69 p < 0.001p < 0.001
HOPEHOPE ramiprilramipril 0.660.66 p < 0.001p < 0.001

ARBsARBs
LIFELIFE losartanlosartan 0.750.75 p < 0.001p < 0.001
SCOPESCOPE candesartancandesartan 0.810.81 p < 0.090p < 0.090

RR



Overall, the effect of blood pressure 
lowering on type 2 diabetes incidence 
is modest and insufficient in impact to 

recommend this intervention as a 
primary strategy for diabetes 

prevention;
however,  some rationale exists for the 

use of an 
ACE inhibitor or ARB as adjunctive 

therapy.



The Metabolic Syndrome: 
Targets for Diabetes Prevention

‘‘Insulin resistanceInsulin resistance’’
ObesityObesity//abdominal obesityabdominal obesity
Impaired glycemiaImpaired glycemia



Patterns of Body Fat Distribution

Abdominal
(android)

Lower body
(gynoid)



Weight Reduction

Energy Intake < Energy ExpenditureEnergy Intake < Energy Expenditure





The Finnish Diabetes 
Prevention Study

522 men and women522 men and women
Age 55 Age 55 ±± 77
BMI 31.2 BMI 31.2 ±± 4.6 kg/m4.6 kg/m22

RandomizedRandomized
ControlControl
Diet Diet ((↓↓ fat, saturated fat,fat, saturated fat,↑↑ fiber) + fiber) + 

exerciseexercise
Mean followMean follow--up 3.2 yr with OGTup 3.2 yr with OGT



Reduced Risk of Type 2 Diabetes: 
Finnish Diabetes Prevention Study

Tuomilehto J et al, NEJM 344: 1343, 2001



Diabetes Prevention 
Program (US)

3234 men and women at 27 centers3234 men and women at 27 centers
Age 25Age 25--8585
BMI 34 kg/mBMI 34 kg/m22

Randomized Randomized 
PlaceboPlacebo
LifestyleLifestyle--modificationmodification (goal 7% wt (goal 7% wt ↓↓))
MetforminMetformin (850 mg bid)(850 mg bid)

Halted at 3 yrHalted at 3 yr



Cumulative Incidence of 
Diabetes: DPP

NEJM 346:397, 2002



How long will the 
weight loss and/or the 

prevention of new 
onset diabetes last?



Don’t forget 
lifestyle!



Weight Loss Drugs

AnorecticsAnorectics
sibutraminesibutramine
phenterminephentermine

Lipase inhibitorsLipase inhibitors
orlistatorlistat



Weight Loss:Effect of Orlistat 
(XENDOS)

TorgersonTorgerson, J.S. , J.S. et alet al, Diabetes Care 27:157, 2004, Diabetes Care 27:157, 2004



Diabetes Incidence:Effect of 
Orlistat (XENDOS)

TorgersonTorgerson JS JS et alet al, Diabetes Care 27:157, 2004, Diabetes Care 27:157, 2004



Diabetes Prevention and 
Hypoglycemic Therapy?

SulfonylureasSulfonylureas
MeglitinidesMeglitinides
αα--glucosidaseglucosidase inhibitorsinhibitors
MetforminMetformin
ThiazolidinedionesThiazolidinediones



Effect of Acarbose on Remaining 
Free of CVD Events: STOP-NIDDM

ChiassonChiasson, J, J--L L et alet al, JAMA 290:490, 2003, JAMA 290:490, 2003



Effect of Acarbose on CVD 
Events: STOP-NIDDM

ChiassonChiasson JJ--L L et alet al, JAMA 290:490, 2003, JAMA 290:490, 2003







Pioglitazone and Abdominal Fat 
Distribution in Type 2 Diabetes

Miyazaki Y Miyazaki Y et alet al, JCEM 87:2787, 2002, JCEM 87:2787, 2002



Pioglitazone, Visceral Fat and Insulin 
Action in Type 2 Diabetes

Miyazaki Y Miyazaki Y et alet al, JCEM 87:2787, 2002, JCEM 87:2787, 2002



Prevention of Diabetes with 
Troglitazone in High Risk Hispanic 

Women

Buchanan TA Buchanan TA et alet al, Diabetes 51:2798, 2002, Diabetes 51:2798, 2002



Metabolic Integration of PPARs

Evans RM Evans RM et alet al, Nature Med 10:4, 2004, Nature Med 10:4, 2004





New Non-FDA Approved Approaches to 
Reducing Diabetes in The Metabolic 

Syndrome: The Obesity Focus
‘‘Weight lossWeight loss’’ drugsdrugs

AntiAnti--epilepticsepileptics
topiramatetopiramate
zonisamidezonisamide

MCHMCH--1 inhibitors1 inhibitors
CannabinoidCannabinoid antagonists antagonists 
GLPGLP--11

DPPDPP--IV inhibitorsIV inhibitors



Effect of Zonisamide on Weight 
Loss in Obese Subjects

GaddeGadde, K.M. , K.M. et alet al, JAMA 289:1823, 2003, JAMA 289:1823, 2003



Topiramate and Weight 
Reduction: Randomized Trial

Bray GA Bray GA et alet al, , ObesObes ResRes 11:727, 200311:727, 2003



Summary and Conclusions
The Metabolic Syndrome and Type 2 Diabetes

The Metabolic SyndromeThe Metabolic Syndrome is upon usis upon us
The Metabolic SyndromeThe Metabolic Syndrome predicts a higher predicts a higher 
risk of CHD, CVA and type 2 diabetesrisk of CHD, CVA and type 2 diabetes
Lifestyle should be the initial and sustained Lifestyle should be the initial and sustained 
therapytherapy
Some drug therapies appear to workSome drug therapies appear to work

Metformin, Metformin, TZDsTZDs, ACE inhibitors, , ACE inhibitors, ARBsARBs
A variety of therapeutic options appear A variety of therapeutic options appear 
forthcomingforthcoming



⇒



Ligands and RXR, RAR

VillaroyaVillaroya, F. , F. et alet al, , CurrCurr Med Med ChemChem 11:798, 200411:798, 2004





Effect of RXR Agonists on Body 
Weight and Food Consumption in 

Zucker Rats

OgilvieOgilvie, K.M. , K.M. et alet al, Endocrinology 145:566, 2004, Endocrinology 145:566, 2004







Effect of SNAP-7941, a Selective
MCH-1 Receptor Antagonist, on Body 
Weight and Food Intake in DIO Rats

BorowskyBorowsky, B , B et alet al, Nature Med 8:827, 2002, Nature Med 8:827, 2002





Central Control of Appetite 
and Energy Expenditure

Evans RM Evans RM et alet al, Nature Med 10:2, 2004, Nature Med 10:2, 2004



OGTT and IVGTT Glucose and Insulin 
Secretion:Effect of Troglitazone in High 

Risk Hispanic Women

Buchanan TA Buchanan TA et alet al, Diabetes 51:2801, 2002, Diabetes 51:2801, 2002





Inhibition of Dipeptyl Peptidase IV with 
FE999011 Delays Diabetes in ZDF Rats

SudreSudre, B. , B. et alet al, Diabetes 51:1465, 2002, Diabetes 51:1465, 2002



Effect of Dipeptyl Peptidase IV Inhibition 
with FE999011 on Body Weight and Food 

Consumption in ZDF Rats

SudreSudre B B et alet al, Diabetes 51:1465, 2002, Diabetes 51:1465, 2002



Molecular Mechanisms of 
Antiatherogenic Effect of Adiponectin

Matsuzawa Y Matsuzawa Y et alet al, ATVB 24:31, 2004, ATVB 24:31, 2004



Topiramate and Weight Loss in 
Epilepsy Patients

BenBen--MenacemMenacem E E et alet al, , ObesObes ResRes 11:558, 200311:558, 2003





Effect of Bariatric Surgery on Plasma 
Glucose, Insulin and GLP-1 (7-36 amide)

LugariLugari R R et alet al, , HormHorm Met Met ResRes 36:113, 200436:113, 2004


