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Increase in Diabetes-related Abstracts
Presented at AHA: 1994-2009:

Was a new disease discovered  after 2000?

468What happened?

• Analyses of diabetic subgroups in big clinical trials
• Clinical trials designed for diabetic subjects only
• Diabetes recognized as an inflammatory disease
• Evolving pharmacology of treatment for diabetes
• Recognition of the obesity/type 2 diabetes epidemic 
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AgeAge --adjusted Mortality Rates among Participants adjusted Mortality Rates among Participants 
with and without Diabetes Mellituswith and without Diabetes Mellitus

Rosner Preis S et al.  Circ (2009) 119: 1728-1735
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Pre-CCU era
(pre-1962)

CCU era
(1962 – 1984)

Lytic era
(1984 – 2000)

PCI era
(2000 –)

Diabetes
Total group

Diabetes Confers a Doubling of Risk for Early Diabetes Confers a Doubling of Risk for Early 
MI Mortality Despite Advances in Cardiac CareMI Mortality Despite Advances in Cardiac Care
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DefibrillationDefibrillation
hemodynamichemodynamic

monitoringmonitoring

ThrombolysisThrombolysis
�� --blockadeblockade

aspirinaspirin
PCI reperfusionPCI reperfusion

GP IIb/IIIa inhibitorsGP IIb/IIIa inhibitors
clopidogrelclopidogrel

statinsstatins

DigoxinDigoxin
diureticsdiuretics
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Effect of risk factors and treatments on 
CHD mortality
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• 68,230 fewer deaths in 2000
Treatments 42%

Risk factors: better 58%

Risk factors: worse 13%

Year1981
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• e.g. diabetes, 
obesity

• e.g. smoking, 
cholesterol, BP

• e.g. secondary 
prevention, 
heart failure 
treatments

CHD deaths prevented or postponed by risk factor ch anges and 
treatments in England and Wales, 1981 to 2000

Unal B, et al. Circulation 2004; 109:1101–1107

• 2,888 more deaths due to diabetes
• 2,662 more deaths due to physical inactivity
• 2,097 more deaths due to obesity



STENOSTENO--22
No Clinical Trial in Type 2 Diabetes has Shown Such  a Dramatic No Clinical Trial in Type 2 Diabetes has Shown Such  a Dramatic 

Reduction in Reduction in CV EventsCV Events with Pharmacologic Intervention!with Pharmacologic Intervention!

Gaede P, et al . N Engl J Med . 2008;358:580-591.
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STENO-2: FPG, LDL, HDL, and BP Levels 
With Intensive Treatment @ 7.8 years

STENOSTENO--2: FPG, LDL, HDL, and BP Levels 2: FPG, LDL, HDL, and BP Levels 
With Intensive Treatment @ 7.8 yearsWith Intensive Treatment @ 7.8 years
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TNT: Substantial Risk Persists Despite Maximal TNT: Substantial Risk Persists Despite Maximal 
Dose Dose AtorvastatinAtorvastatin in in PrediabetesPrediabetes and Diabetesand Diabetes

Deedwania P, for TNT.  Lancet. 2006;368: 919-928.
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Impact of Impact of GlucoGluco --Metabolic Characteristics on Risk Metabolic Characteristics on Risk 
of Major Cardiovascular Events in TNTof Major Cardiovascular Events in TNT
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Low HDLLow HDL --CC

Characteristic AbsentCharacteristic AbsentCharacteristic Absent Characteristic PresentCharacteristic PresentCharacteristic Present

HR=1.33HR=1.33HR=1.33

Fasting GlucoseFasting Glucose
�� 100 mg/100 mg/ dLdL

Body MassBody Mass
IndexIndex

�� 28 kg/m28 kg/m 22

TriglyceridesTriglycerides
�� 150 mg/150 mg/ dLdL

HypertensionHypertension

HR=1.30HR=1.30HR=1.30 HR=1.24HR=1.24HR=1.24 HR=1.18HR=1.18HR=1.18 HR=1.48HR=1.48HR=1.48

Deedwania P, for TNT. Lancet. 2006;368: 919-928.

All PatientsAll Patients

*
**

*P<0.0001;  †P=0.0009;  ‡P=0.015.

‡††



BP, blood pressure; LDL, low-density-lipoprotein ch olesterol; LV, left ventricular; sBP, systolic bloo d pressure. 
Howard BV, et al . JAMA. 2008;299:1678-1689.

Effect of Lower Targets for BP and LDL on Effect of Lower Targets for BP and LDL on 
CIMT and LV Mass in Diabetes: SANDSCIMT and LV Mass in Diabetes: SANDS

•• StandardStandard Group treated to target LDL=100 mg/Group treated to target LDL=100 mg/ dLdL and and sBPsBP =130 mmHg.=130 mmHg.

•• IntensiveIntensive Group treated to target LDL=70 mg/Group treated to target LDL=70 mg/ dLdL and and sBPsBP =115 mmHg.=115 mmHg.

•• Carotid IMT and LV mass measured at baseline, 18, a nd 36 months.Carotid IMT and LV mass measured at baseline, 18, a nd 36 months.
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Unadjusted Mortality According to 
Glucose Metabolism: AusDiab

Barr ELM, et al.  Circulation 2007;116:151-57.

All-cause mortality CV mortality
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1949 Nesto Slide #13

Metabolic Syndrome and Acute MI in the Metabolic Syndrome and Acute MI in the 
Young (<45 yrs.)Young (<45 yrs.)

AT LAHEY CLINIC

161 consecutive patients <45 years of age with 
acute MI transferred for emergency PCI

• 76 or 47% met NCEP criteria for Metabolic 
Syndrome

-- 6 had previous diagnosis of Type 2 diabetes

-- 10 had new diagnoses of T2DM  at MI or 
within 3 months

Am J Cardiol 2007



Metabolic Syndrome Criteria In MI 
Patients < 45 Years Old Without DM

SBP>130SBP>130
DBP>85DBP>85

Nesto RW et al (in press)

MS+/DMMS+/DM--

MSMS--/DM/DM--

HDL<40HDL<40
(<50 female)(<50 female)

FBG>110FBG>110

BMI>28.8BMI>28.8

TG>150TG>150

Criteria of MS (p<0.0001)Criteria of MS (p<0.0001)

FRS 7.3 ± 5.8 4.5 ± 3.6*

FBG 118 ± 518 108 ± 17*

HDL 38 ± 6 43 ± 11*

TG 234 ± 129 122 ± 94*

BMI 32.4 ± 6.3 27 ± 4.5*

LDL 128 ± 48 111 ± 36**

*p< 0.0001*p< 0.0001 **p < 0.03**p < 0.03

+MS -MS

%

FBG, HDL, TG, LDL in mg/dL
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*P<.05; **P<.01; ***P<.0001.
hs-CRP=high-sensitivity C-reactive protein; IL=interleukin; 
OGTT=oral glucose tolerance test; siCAM=soluble intercellular 
adhesion molecule; svCAM=soluble vascular cell adhesion 

molecule; tPA=tissue plasminogen activator.
Caballero AE et al. Diabetes Care. 2008;31:576-582. 
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Insulin Resistance and Premature Carotid 
Atherosclerosis in Childhood Obesity

Common carotid artery 
lumen

Carotid Ultrasound
• 50 obese (BMI=28 kg/m) 

mean age =12 years 
• 50 age/sex matched      

controls (BMI=17 kg/m)

BMI, body mass index. Atabek ME, et al. Pediatr Red. 2007;61:345-349.
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Urbina, E. M. et al. Circulation 2009;119:2913-2919

Youths With Obesity and 
Obesity-Related T2DM 

Demonstrate Abnormalities 
in Carotid Structure and 

Function

Across Lean-Obese-
T2DM Groups: BMI, BP, 
HR, T-chol, LDL,TGs, FPG, 

plasma Insulin, HbA1c, 
CRP increased

CVRFs only partially explain
vascular abnormalities



Atherosclerosis In Youth Is Linked To 
Obesity and “Early” Insulin Resistance
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Coronary Plaques in Impaired Glucose Coronary Plaques in Impaired Glucose 
Tolerance/DM and Insulin Resistance Tolerance/DM and Insulin Resistance 
Contain Less Collagen and More LipidContain Less Collagen and More Lipid
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NGR, normal glucose regulation; IGR, impaired gluco se regulation; DM, diabetes mellitus; 
ANOVA, analysis of variance; HOMA-IR, homeostasis m odel assent-insulin resistance.

Amano T, et al. J Am Coll Cardiol Img . 2008;1:39-45.
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Amano, T. et al. J Am Coll Cardiol 2007;49:1149-1156

Impact of Metabolic Syndrome on Tissue Characterist ics of 
Angiographically Mild to Moderate Coronary Lesions

Integrated Backscatter IVUS Study

MetS showed a significant increase in percentage lip id area (38 ± 19% vs. 30 ± 19%, p = 0.02) and lipid 
volume (39 ± 17% vs. 33 ± 17%, p = 0.03), a decrease in fibrous volume (57 ± 14% vs. 61 ± 13%, p = 0.03). 
Multivariate and logistic regression analysis adjus ting for confounding and non-MetS coronary risk 
factors showed that MetS (odds ratio 4.00, p = 0.01)  proved to be an independent predictor of the lipid -
rich plaque. 
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Exercise in the Roman Empire  200AD

Mosaic floors in the Villa Romana del Casale in Sicily

The birth of exercise sportswear!!
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<0.0010.78.6Weight loss (%)

<0.001-7.1-14.7Metabolic syndrome (%)

<0.001-7.2-21.5Fasting plasma glucose 
(mg/dL)

<0.001-2.8-6.8Systolic BP (mm Hg)

<0.0011.43.4HDL-C (mg/dL)

<0.001-14.6-30.3TG (mg/dL)

<0.001-0.2-2.4Waist circumference (inches)

Diabetes Support/
Education 

(Control Group) 

Intensive 
Lifestyle 

Intervention P value

Mean Change From Baseline

Look AHEAD Trial: Improvement in Metabolic Look AHEAD Trial: Improvement in Metabolic 
Syndrome Components at 1 YearSyndrome Components at 1 Year

Look AHEAD Research Group. Diabetes Care. 2007;30:1374-1383.

LDL changed by -5.2 mg/dL in the ILI group, compared  
with -5.7 mg/dL in the control group ( P=0.49)



NursesNurses’’ Health Study: There is An Increased Health Study: There is An Increased 
Risk of CVD In People Risk of CVD In People Destined Destined To Develop To Develop 

Type 2 DiabetesType 2 Diabetes
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1949 Nesto Slide #25

Who is the “High Risk” Patient with the 
Metabolic Syndrome ?

•Early age at onset…? female gender
•Strong family history of premature CV disease
•First degree relative(s) with type 2 diabetes
•Presence of “other” inflammatory disease
•History or evidence (PE or imaging) of vascular disease

Background Components

Metabolic Syndrome Components
•“Very Obese”
•Fasting Glucose > 100 mg/dL
•High TG/HDL ratio
•Microalbuminuria (from WHO criteria)
•CRP > 3.0  ?Adiponectin level

Employ “Diabetes-Like” Strategy for CVD Prevention



“We propose a set of treatment goals for blood pressure and 
lipids matching those for diabetes…These interventions, after 
or with lifestyle changes, may reduce CVD risks independently 

of treatments focused on glucose control and prevention of 
microvascular risk.”

Endocrine Practice 2008; 14: 933-945



� Should we broaden our CV prevention 
guidelines (NCEP, JNC, aspirin) to include pre-
diabetes as a high risk group?

-Yes. But how do we select candidates from 
such a large pool?
- And how best to define pre-diabetes?

� If adopted, can a more aggressive CV risk 
prevention strategy in pre-diabetes reduce CVD 
after conversion to Type 2 diabetes?

-Yes. Reduce CVD “incubation”

Lifestyle intervention best but………………



*As defined by NCEP criteria.
Adapted with permission from Lorenzo C et al. Diabetes Care. 2003;26:3153-3159.

Incident Diabetes After Stratification Incident Diabetes After Stratification 
by IGT and the Metabolic Syndrome*by IGT and the Metabolic Syndrome*
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Koenig, W. et al. J Am Coll Cardiol 2006;48:1369-1377

Serum Concentrations of Adiponectin and Risk of Type  2 
Diabetes Mellitus and Coronary Heart Disease in App arently 

Healthy Middle-Aged Men 
18-Year Follow-Up of a Large Cohort From Southern G ermany 
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Clinical trials may, will (or should) answer 
these important questions in T2DM and 

CV risk..

� ACCORD
� ADVANCE
� VADT
� UKPDS
� ORIGIN

� PERISCOPE
� APPROACH
� BARI-2D
� RECORD
� VICTORY

Does a treatment directed lower 
A1c reduce the  risk of CVD ?

At a similar treatment directed A1c,
does the drug matter ? 



ACCORD: 10,251 patients randomized to intensive ACCORD: 10,251 patients randomized to intensive 
(A(A11c <6.0%) vs. standard (Ac <6.0%) vs. standard (A 11c 7c 7--7.9%) control7.9%) control

Gerstein H et al.  N Engl J Med (2008) 358: 2545-59

2525

StandardStandard
TherapyTherapy

A1c=7.5%A1c=7.5%

IntensiveIntensive
TherapyTherapy

A1c=6.4%A1c=6.4%

YearsYears

2020

1515

1010

55

00
00 11 22 33 44 55 66

Patients with Events (%)Patients with Events (%)

2525

2020

1515

1010

55

00
00 11 22 33 44 55 66

Patients with Events (%)Patients with Events (%)

YearsYears

Primary Outcome (CVD, MI, CVA) Death from Any Cause

IntensiveIntensive
TherapyTherapy

StandardStandard
TherapyTherapy

P=0.16 P<.04

But 49 (10%) fewer MIs
19 excess sudden deaths
15 excess “other’ causes
6 excess fatal MIs
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ACCORD: Hypotheses for observed ACCORD: Hypotheses for observed 
increase in mortalityincrease in mortality

•• Baseline characteristics associated with increased risk of Baseline characteristics associated with increased risk of 
mortality comparing intensive to standard?mortality comparing intensive to standard?

–– Few differences observedFew differences observed

•• Association of achieved HbAAssociation of achieved HbA 1c1c and mortality?and mortality?
–– Lower HbALower HbA 1c1c was not associated with increased was not associated with increased 

mortalitymortality
–– In fact, the excess risk of death with intensive In fact, the excess risk of death with intensive 

treatment occurred in patients:treatment occurred in patients:
•• Whose average HbAWhose average HbA 1c 1c was higher than 7%, not below 7%was higher than 7%, not below 7%
•• Who did not reduce HbAWho did not reduce HbA 1c 1c from baseline in the first yearfrom baseline in the first year

•• Association of hypoglycemia and mortality?Association of hypoglycemia and mortality?
–– HypoglycaemiaHypoglycaemia was more frequent in the intensive group but was more frequent in the intensive group but 

there was no evidence that it accounted for the hig her overall there was no evidence that it accounted for the hig her overall 
mortality at 3.5 yearsmortality at 3.5 years

Adapted from ACCORD data presented at ADA June 2009



Risk of Death over a Range of Average Risk of Death over a Range of Average 
HgbA1c in ACCORDHgbA1c in ACCORD

Average A1c %Average A1c %

Adjusted log(Hazard Ratio) by Treatment Strategy
Relative to Standard at A1c of 6%

Intensive strategyIntensive strategy

Standard strategyStandard strategy

66 88 9977

Steady increase of risk from 6 to 9% A1c with inten sive strategySteady increase of risk from 6 to 9% A1c with inten sive strategy

Excess risk with intensive strategy Excess risk with intensive strategy vsvs standard occurred above A1c 7%standard occurred above A1c 7%

Presented at ADA, New Orleans, June 2009Presented at ADA, New Orleans, June 2009



ACCORD: Intensive glucose control beneficial ACCORD: Intensive glucose control beneficial 
in patients with no previous CVD or HbAin patients with no previous CVD or HbA 1c1c <8%<8%

The vertical dashed line indicates 
the overall hazard ratio

The size of each square is 
proportional to the number of 
patients

ACCORD Study Group. N Engl J Med 2008;358:2545–2559.



VADT: Time to first CVD primary event by VADT: Time to first CVD primary event by 
treatment group for categories of CACtreatment group for categories of CAC

ReavenReaven PD, et al.  Diabetes, 2009   PD, et al.  Diabetes, 2009   

p=0.03p=0.03 p=0.12p=0.12

LOW CAC: 1 of 52 events in intensive group LOW CAC: 1 of 52 events in intensive group vsvs 11 of 62 in standard group11 of 62 in standard group

HIGHER CAC: similar levels of CVD risk for both tre atment groupsHIGHER CAC: similar levels of CVD risk for both tre atment groups

CAC 0-10 CAC 11-100

CAC 101-400 CAC >400



CV events



Death / MI / Stroke Rate at 5-Years
Prompt 
Revasc-
CABG

Intensive 
Medical

Treatment 
Difference

95% CI
p-value

Met/Rosi 18.7% 32.0% 13.3%
(4.6%, 21.8%)

0.002

Ins/SU 26.0% 29.0%
3.0%

(-
6.0%,11.9%)

0.58

Interaction p=0.073   

-8

�-8

�-8

&-8

,-8

1-8

- � � & , 1

��57$! % + )7$!
�+ �7$� % + )7$�

Death / MI / Stroke Rate

CV risk is high despite optimum management. Insulin sensitization 
treatments may be preferred in T2DM patients with CAD



Insulin ResistanceInsulin Resistance is associated with or is associated with or 
directly responsible for factors causing directly responsible for factors causing 

atherothrombosisatherothrombosis

PlaquePlaque
FormationFormation

F VIIF VII

F VIIIF VIII

Coronary ArteryCoronary Artery

Sympathetic ToneSympathetic Tone

PAIPAI--11

TPATPA

PG1PG122

Platelet AggregationPlatelet Aggregation

FibrinogenFibrinogen

vWFvWF

ThrombusThrombus

PlaquePlaque
DisruptionDisruption

CRPCRP

Endothelin

Tissue FactorTissue FactorCD 40CD 40

MMPMMP--99

Endothelial Cell Endothelial Cell DysfxnDysfxn

CV CV RFsRFs
HyperglycemiaHyperglycemia
oxidative stressoxidative stress

AdiponectinAdiponectin

© 2008 Richard Nesto, MD.



UKPDS 80. N Eng J Med 2008; 359: 

Metformin reduces MI over the course of UKPDS
(fatal or non-fatal myocardial infarction or sudden death)

Intensive (metformin) vs. Conventional glucose control

HR (95%CI)



Can TZDs slow the progression of 
atherosclerosis? IVUS studies

RSG vs PlaceboPIO vs SUPIO vs SURSG vs SUIntervention

RSG: X mm3

Placebo: X mm3
PIO: –0.001mm
SU: 0.012mm

PIO : –0.16%
SU : 0.73%

RSG: –0.21%
SU: 0.43%

� plaque volume in 
sapenous vein graft 

� carotid artery 
IMT

� PAV (coronary 
artery segment)

� PAV (non-
intervened coronary 

artery segment)

Primary endpoint 

12 months18 months18 months18 monthsStudy duration

VICTORY5,6

(N=193)
PERISCOPE3

(N=543)
CHICAGO4

(N=462)
APPROACH1,2

(N=672)

P = 0.02P = 0.002P = 0.12 P = 0.25

T2DM patients; 1–10 
years post-CABG

Newly diagnosed 
T2DM

T2DM + CAD requiring 
angiography

T2DM + CAD 
admitted for PCI or 

angiography

Patient 
population

CABG: coronary artery bypass graft; CAD: coronary artery disease; IMT: intima-media thickness; IVUS: intravascular ultrasound; 
PAV = percent atheroma volume; PCI = percutaneous coronary intervention; PIO = pioglitazone; RSG = rosiglitazone; SU = 
sulfonylurea.

1. Ratner RE et al. 2008. Am Heart J 156:1074–9. 2. Nesto RW et al. 2008. AHA Scientific Sessions; Novem ber 12, 
New Orleans, USA. Late Breaking Clinical Trials Ses sion 4. 3. Nissen SE et al. 2008. JAMA 299:1561–73. 4. 

Mazzone T, et al. 2006. JAMA 296:2572–81. 5. http:// clinicaltrials.gov/ct/show/NCT00169832;jsessionid 
=CA61422D7059AF281A605D0FF02B005B?order=4 (accessed June 2009). 6. Data on file, GlaxoSmithKline.
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What should our expectations be?
� What does “intensive” mean? And what should the target 
A1c be? 

� Is it fair to expect that a lower target for A1c will produce 
the same degree of benefit achieved with interventions 
targeted to LDL, HDL, BP?

� If there is benefit, should we expect to see it in the
same time frame as in “cardiology” trials 

� Are there specific glucose-lowering drugs that we could
expect to be beneficial?

� Are there subgroups of diabetic patients who could
benefit from lowering glycemia intensively?

• The answers to the questions 
have important implications for the 
care of Type 2 diabetic patients. 

• Delivering optimum “global”
treatment is a responsibility that 
must be shared by all health care 
providers



Effect of Progression from IGT to T2DM on CV 
Risk Factors by Lifestyle and Metformin
Intervention: The DPP Randomized Trial

“Progression from IGT to diabetes 
in the Intensive Lifestyle 

Intervention treatment arm was not 
associated with any significant 

change in CV risk factors.”

“Transition from IGT to NGT was associated 
with significant reductions in SBP and 

triglycerides and significant increases in HDL 
and LDL particle size”

BUT…

Diabetes care published online



Prandial Versus Fasting Glycemia on CV 
Outcomes in T2DM after MI: HEART2D trial

Diabetes Care 2009; 32: 381–386 

Patients assigned within 21 days after AMI to:
1) PRANDIAL strategy (three pre-meal doses of insulin lispro targeting 2-h post-prandial BG 135 mg/dl (7.5 
mmol/l) or 2) BASAL strategy  (NPH twice daily or insulin glargine once daily targeting fasting/pre-meal BG 
120 mg/dl (6.7 mmol/l)



UKPDS 80. N Eng J Med 2008; 359: 

MI Hazard Ratio Over The Course of UKPDS
(fatal or non-fatal myocardial infarction or sudden death)

Intensive (SU/Ins) vs. Conventional glucose control



DANGER ZONE??



TRACE: TRACE: TrandolaprilTrandolapril Reduces Mortality inReduces Mortality in
PostPost --MI Survivors with LV DysfunctionMI Survivors with LV Dysfunction
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TRITON–TIMI 38: Clopidogrel vs Prasugrel in ACS 
and Planned PCI: CVD, MI, Stroke in 12 month  F/U
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NGR, normal glucose regulation; IGR, impaired gluco se regulation; DM, diabetes mellitus; 
ANOVA, analysis of variance; HOMA-IR, homeostasis m odel assent-insulin resistance.

Amano T, et al. J Am Coll Cardiol Img . 2008;1:39-45.
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Importance
of Primary 
Prevention
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His first visit to 
a cardiologist…

Genes for
IR

Low birth 
weight

Weight gain &
inactivity

Type 2 DM

Acquire 
CVRFs



Hypertension is a More Powerful CV Risk Factor Hypertension is a More Powerful CV Risk Factor 
in the Setting Insulin Resistancein the Setting Insulin Resistance

•• Sympathetic nervous system activationSympathetic nervous system activation

•• ReninRenin --angiotensinangiotensin system activationsystem activation

•• Increased risk of arrhythmiasIncreased risk of arrhythmias

•• Increased Increased NaClNaCl & H& H22O retentionO retention

•• Decreased vascular complianceDecreased vascular compliance

•• Elevated Elevated endothelinendothelin levels (in diabetes)levels (in diabetes)

•• Loss of Loss of ““ dippingdipping ”” nocturnal BP patternnocturnal BP pattern

•• Increased free fatty acid levelsIncreased free fatty acid levels
•• Increased LVH/mass via Increased LVH/mass via myocytemyocyte hypertrophyhypertrophy

•• Powerful contributor to nephropathyPowerful contributor to nephropathy

.



The Pro-Inflammatory Milieu in Atheromas is 
Mediated by (R)AGE in Diabetes Mellitus

Cipollone, F et al   Circ 2003; 108: 1070-1077



Prediabetes, Diabetes and 
Cardiovascular Disease:

Can We Do More?

PrediabetesPrediabetes , Diabetes and , Diabetes and 
Cardiovascular Disease:Cardiovascular Disease:

Can We Do More?Can We Do More?

Richard Nesto MD   FACC  FAHA  FRCP (Richard Nesto MD   FACC  FAHA  FRCP ( EdinEdin .).)

Chair, Department of Cardiovascular MedicineChair, Department of Cardiovascular Medicine
Lahey Clinic Medical CenterLahey Clinic Medical Center
Burlington, MassachusettsBurlington, Massachusetts

Professor of MedicineProfessor of Medicine

Tufts University School of MedicineTufts University School of Medicine

Boston,  MABoston,  MA



Gaede P et al. NEJM 2008;358:580–591.
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No Reduction in BMI Despite Intensive 
Lifestyle Intervention in BARI-2D
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p=0.50                                                      p=0.003

mean (kg/m2), 95% CI



Adipose Tissue And 
Cardiometabolic Risk

Yudkin JS, et al. Lancet. 2005;365:1811-1820.



From Michelangelo To MacDonalds



ADVANCE: Microvascular benefit of 
intensive glycemic control

Patel A et al.  N Engl J Med (2008) 358: 2560-72
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ATVB. 2005;25:2594-2599

Perivascular Adipose Tissue: A Diet and 
Obesity Regulated Factor In Atherosclerosis

Aorta after 7 week fat diet

Macrophages T lymphocytes

Peri-adventitial adipose
depot in rat abdominal aorta
and impact of high fat diet

Macrophages and T 
lymphocytes

in periadventitial fat of 
human atherosclerotic aortas



J Am Coll Cardiol, 2008; 52:1006-1012 .

Prolonged Caloric Restriction in Obese Patients With 
Type 2 DM Decreases Myocardial Triglyceride 

Content and Improves Myocardial Function



Liao Y et al. Diabetes Care 2004; 27: 978-983 

• 74 nondiabetic Caucasians
• Glucose Disposal Rate measured by 
hyperinsulinemic-euglycemic clamp
• GDR < 12 mg/kg-1/min-1 defined as IR
• Metab Syn defined by ATP III criteria

Methods

• 12.2% met criteria for MS
• ATP criteria not sensitive for IR 
• 20 of 65 subjects did not meet criteria 
for MS but were classified as IR
• --MS but +IR subjects had adverse CV 
profile similar to +MS subjects

Results

Critical Evaluation of Adult Treatment Panel III Criteria in 
Identifying Insulin Resistance With Dyslipidemia



Unger RH, and Orci L, FASEB J. 2001;15:312–321.

Inter-myocyte accumulation of adipocytes and 
intracellular deposition of triglyceride

Cardiac Muscle Skeletal Muscle
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Men (n=1109) Women (n=1514)

P for trend=0.26 P for trend=0.01

Rutter MK, et al. Circulation . 2003;107:448-454.

LV mass adjusted for age, height, heart rate, systo lic blood pressure, and BMI.

Framingham Offspring Study

Across the Range of Glucose Tolerance, Across the Range of Glucose Tolerance, 
Women Have Greater LV Mass Than MenWomen Have Greater LV Mass Than Men



Podocyte Pericyte

Microvascular and Macrovascular Disease in 
Diabetes: Implications for the cardiologist?

Endothelial cellNeuron

Kidney Retina Peripheral Nerve Artery

Richard W. Nesto MD     Lahey Clinic Medical Center  



Diabetes Care 32:883–888, 2009

Structural and 
Functional Cardiac 
Abnormalities are 

Present in Adolescent 
Obese Girls with 
Poorly Controlled 

T2DM

T1DM A1c 8.7%
T2DM A1c 8.2% 
Lean BMI 20 kg/m2

Obese BMI 30 kg/m2
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Cardiac Steatosis In Prediabetic Humans: A 
Spectrum Of Alterations from Obesity To DM
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Courtesy of Szczepaniak L et al. Presented at ADA 2006 

• Translational  study in 134 humans evaluating myoca rdial fat accumulation
• MR imaging and spectroscopy used to quantify cardia c TG and diastolic function
• Cardiac lipotoxicity is a factor in cardiomyopathy in  obesity-related disorders

0

0.3

0.6

0.9

1.2

1.5

Lean Obese IGT DM-2

0

40

80

120

160

Lean Obese IGT DM-2

Myocardial Triglyceride Peak Filling Rate



•• Up to 16 years followUp to 16 years follow --upup
•• Overall mortalityOverall mortality

–– Hazard ratio* = 0.76 (95% CI: 0.59 to 0.99), Hazard ratio* = 0.76 (95% CI: 0.59 to 0.99), PP=0.04=0.04
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PP=0.04=0.04

*Surgical group vs control group, at 16 years.

Sjostrom L, et al. N Engl J Med . 2007;357:741-752.

Swedish Obese Subjects Study
Bariatric Surgery: Long-Term Weight Loss and 

Decreased Mortality



When Does The Atherosclerosis Process Start ?

CardiologistPrimary Care/ InternistPediatrician

AGE



JUPITER: JUPITER: ImpImp licatlicat ions for ions for 
Cardiovascular Risk Reduction in Individuals Cardiovascular Risk Reduction in Individuals 

with Low LDL But CRP > 2 mg/dlwith Low LDL But CRP > 2 mg/dl

•• RosuvastatinRosuvastatin 20 mg/d 20 mg/d vsvs placeboplacebo

•• Study population (N=17802)Study population (N=17802)
–– Mean age=66Mean age=66

–– Mean LDL=108 mg/Mean LDL=108 mg/ dLdL

–– Mean CRP=4.3 mg/LMean CRP=4.3 mg/L

–– No evidence of preNo evidence of pre --existing CVDexisting CVD

CRP, c-reactive protein; CVD, cardiovascular diseas e.
Available at clinicaltrials.gov/ct2/show/NCT00239681.      

Allocation to Allocation to rosuvastatinrosuvastatin resulted in a 54% resulted in a 54% �� MI, MI, 
48% 48% �� in stroke, and 20% in stroke, and 20% �� in mortality.in mortality.



Factors Affecting LV Function in Pre-
Diabetes and Type 2 Diabetes

Diastolic dysfunctionDiastolic dysfunction
Systolic impairmentSystolic impairment

Then add CAD!!Then add CAD!!

LAD 95%LAD 95%

�� Preclinical alterationsPreclinical alterations
�� Increased mass Increased mass 
�� ANS dysfunctionANS dysfunction
�� Endothelial dysfunctionEndothelial dysfunction
�� Cardiac steatosisCardiac steatosis
�� Hypertensive myopathyHypertensive myopathy
�� Altered myocyte Altered myocyte 

metabolismmetabolism
�� AGEs + remodelingAGEs + remodeling
�� �� collaterals,collaterals,

�� angiogenesisangiogenesis
�� InflammationInflammation



1949 Nesto Slide #77

Increased insulin resistance is associated with Increased insulin resistance is associated with 
increased CVD risk: San Antonio Heart Studyincreased CVD risk: San Antonio Heart Study

Odds ratio for risk of CVD (95% CI)
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Association between HOMA-IR and 8-year risk of CV 
outcomes (CV death, MI, CABG, CVA, angina) in 2600 
subjects free of DM and CVD at baseline

Adapted from Hanley AJ, et al. Diabetes Care 2002; 25:1177–1184.

Quintile of HOMA-IR adjusted for age, sex, ethnicity, LDL, triglyceride, 
HDL, systolic blood pressure, smoking, alcohol consumption, leisure 
time exercise and waist circumference (median split)
P (trend) = 0.0185


