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Metabolic Syndrome Increases Risk
for CHD and Type 2 Diabetes
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National Cholesterol Education Program
Clinical Identification of the Metabolic Syndrome

RISK FACTOR DEFINING MEASURES

Abdominal obesity Waist circumference:
Men >40 in (>102 cm)
Women >351in (>88 cm)

Blood pressure >130/>285 mm Hg

*

>3 Risk factors comprise the metabolic syndrome.
ICD-9 Code 277.7

* Recent ADA change: Diabetes Care 2004,27:S5-S10. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults. JAMA. 2001;285:2486-2497.



Criteria for Clinical Diagnosis of the Metabolic Syndrome
Measure Categorical Cut Points

Elevated waist circumference Population- and
country-specific definitions

Elevated triglycerides (drug treatment 2150 mg/dL (1.7 mmol/L)

for elevated triglycerides is an alternate

indicator)

Reduced HDL-C (drug treatment for <40 mg/dL (1.0 mmol/L) in males;
reduced HDL-C is an alternate indicator) <50 mg/dL (1.3 mmol/L) in females
Elevated blood pressure Systolic 2130 and/or diastolic
(antihypertensive drug treatment in a >85 mm/Hg

patient with a history of hypertension is
an alternate indicator

Elevated fasting glucose (drug 2100 mg/dL
treatment of elevated glucose is an
alternate indicator)

Alberti et al., Circulation 2009



IDF ethnic- and gender-specific criteria
for central obesity

European
Sub-Saharan African
Middle Eastern

South Asian
South/Central American

Chinese

Japanese

Waist circumference (inches)

Men

>37

>35

>35

>34

Women

>32

>32

>32

>35

www.idf.org. Accessed August 2005.



Metabolic Syndrome:

Prevalence Increases With Age

35% of US Adults have the metabolic syndrome
45 -
40 - Men (n = 4265)

35 - B Women (n = 4549)
30 -
25 -
20 -
15 S

Prevalence, %

20-29 30-39 40-49 50-59 60-69 270
Age, yr

NCEP criteria.
Adapted from Ford ES, et al. JAMA. 2002;287:356-359.



Prevalence of the NCEP Metabolic Syndrome
NHANES 111 by Sex and Race/Ethnicity
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Metabolic Syndrome, Related Disorders,
and Other Predisposing Factors

* Non-alcoholic SteatoHepatitis (NASH)
 Polycystic Ovarian Syndrome (PCQOS)
* Obstructive Sleep Apnea

* Cholesterol Gallstones

* Gout

* HIV-Protease Inhibitor Therapy

*Cancers(Breast and Colon etc)



Metabolic Syndrome and Risk of
Diabetes and CVD

Metabolic Syndrome confers

= 2-fold increased risk of CVD

= 5-fold increased risk of Diabetes

1. Grundy SM. J Clin Endocrinol Metab. 2004,89:2595-2600.
2. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. JAMA.
2001:285:2486—-2497 .



Cardiovascular Disease Mortality
Increased in the Metabolic Syndrome
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Lakka HM, et al. JAMA. 2002;288:2709-2716.



Risk Factors for Metabolic Syndrome
and CVD Mortality

Risk factors

* Obesity (BMI 230 kg/m?)

* Low HDL-C

* High triglycerides

* High blood pressure

* High blood glucose
concentrations

Hazard Ratio*

* Hazard ratios welrg;ln?etMoe lS§ popu]lat_knzrm;%ﬁis: ed for'\slle%t asge(,aslrpoking';\,’| &t)%c(awc Ivity, a(r; tBa(%!!)esterR iabetes
BMI=body mass index;RFD=cardiovaSCLB|'-disease; HDL-C=high-densitﬂllﬁbﬁm&)wolesterol; MetS=metab3l&dyQMBe; RF=risk factor; T2DM=type 2 diabetes.

Malik S et al. Circulation. 2004;110:1245-1250. Cond Itlon



Increased Risk of Diabetes in the Metabolic

Syndrome

Fasting Met
Glucose Syndrome
Normal No
Normal Yes

IFG NoO
IFG Yes

San Antonio Heart Study
7.4 yr follow-up

OR
(95%ClI)
Ref
5.03 (3.39-7.48)
7.07 (3.32-15.1)

21.0 (13.1-33.8)

Lorenzo et al Diabetes Care 2007



Metabolic Syndrome

Causes

 Acquired causes
— Overweight and obesity
— Physical inactivity

— High carbohydrate diets (>60% of energy
Intake) In some persons

e Genetic causes

GWAS-TCF7L2
Epigentic programming ?
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Atherogenic Dyslipidemia in
Metabolic Syndrome

evated
evateco

evatedo

Triglycerides ( > 150 mg/dL)
Non-HDL Cholesterol
Total Apo B

LDL size and subfractions by NMR (Small
dense LDL)

Elevated Triglyceride rich lipoproteins and
Remnant Like Particle Cholesterol



The Future is Already
Herel




Etiology of Type 2 Diabetes:
Insulin Resistance and Diminished Insulin
Secretion

Genes Lifestyle
\ Insulin / and diet

- N
.7 Resistance N

~
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Adequate
Compensatory
B-cell function

Inadequate
Compensatory
B-cell function

1 |
Compensatory Hyperinsulinemia Relative insulin deficiency
“Normoglycemia” Hyperglicemia

Metabolic Syndrome Type 2 Diabetes
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Common Soil: Metabolic Syndrome

Obesity Sedentary

Western ) .
Inflammation [MESVE

Diet

Insulin Resistance

Type 2

Dyslipidemia Bicheicd

Hypertension

Atherosclerosis
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Biomarkers of Inflammation in
Metabolic Syndrome

- T CRP

- T IL-6, 1L-8, TNF, MCP-1,Chemerin

« J IL-10

- | Adiponectin and Omentin-1

T Leptin

« T Serum Amyloid A (SAA), Fibrinogen

- T Plasminogen activator inhibitor-1 (PAI-1)
- T RBP-4, Resistin,

Jialal et al JCEM, 2014



Distribution of CRP Levels by Number of
Components of the Metabolic Syndrome: WHS
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CVE-free Survival Rates based on Metabolic Syndrome Status
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Schematic drawing of conditions influencing the liberation of EPCs
from the bone marrow, and its therapeutical application in various
cardiovascular diseases

N
| .\ Bone marrow

cardiovascular B ' other (cardio)-vascular
risk factors ‘ S ; diseases

N\ /

endothelial dysfunction Chronic heart failure

, \ chronic myocardial infarction
atherosclerosis (PAOD; CAD) /

T~ acute myocardial
Infarction

Mobius-Winkler et al. Cytometry, 2009



Cumulative Event-free Survival in an Analysis of Death from Cardiovascular
Causes at 12 Months, According to Levels of Circulating CD34+KDR+ Endothelial
Progenitor Cells at the Time of Enrollment
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Werner N et al. N Engl J Med 2005



Assays of EPC Functionality

Adhesion to
Tubule Formation Migration Assay Fibronectin




Surface Expression (MFI)
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Enumeration of EPCs by FACS
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D34+/KDR+ EP
*p<0.001 GO =
T T *p<0.001
|
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Jialal et al. Atherosclerosis, 2010



CFU in Control and Metabolic Syndrome Subjects
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Jialal et al. Atherosclerosis, 2010



Vasculogenic capacity of EPCs in Control and MetS

Tubules (/5 hpf)
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Jialal et al. Atherosclerosis, 2010



EPC Mobilizing Factors

EPC Mobilizing Factors

600 -
**P<0.01
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Jialal et al. A.J.Cardiol. 2010




Fat Topography: Where Is the Fat?

High TG
/A Increased FFA in
adipocytes and in

extra-adipose
organs

Intramuscular
Fat Subcutaneous

Fat (Adipocytes
Extra-Adipocytic (Adipocytes)

Intrahepatic
Fat

Intra-Abdominal
Fat (Adipocytes)

J

Joslin
Diabetes
Center



‘ Obesity induces inflammatory
changes 1n adipose tissue

Wellen KE, Hotamisligil GS. J Clin Invest. 2003;112:1785-8.



Adipokines released by the adipose tissue

Leptin

RBP4
Adiponectin r /

\ p A ‘ / MCP-1

‘ ﬂ (TNFa)

VEGF €=

ACE

Adipocyte / | \u
Q Macrophage PAI-1 / IL-B

7 , Preadipocyte Angiolensinogen




Cellular Inflammation in Metabolic Syndrome

Subject Characteristics

Control (n=26) | MetS (n=39) P Value
Age (yrs) 44 + 10 49 £ 11 0.12
Waist (cm) 94 + 17 108 £ 17 <0.001
Male to Female Ratio 10:16 14:25
BMI (kg/m?) 29+ 7 34+6 <0.01
Systolic BP (mm Hg) 118 +18 135+ 18 <0.001
Diastolic BP (mm Hg) 77+12 86+ 17 <0.001
Fasting glucose (mg/dl) 88+ 10 102 £ 12 <0.001
Total cholesterol (mg/dl) 187 + 34 194 + 38 <0.05
HDL-C (mg/dI) 68 + 12 44 + 19 < 0.001
Non-HDL-C (mg/dl) 126 £ 22 148 £ 27 <0.01
TG (mg/dl) 78 (66-94) 129 (106-149) | <0.001

Bremer AA, et al. JCEM 2011




PLASMA LEVELS OF
ADIPOKINES/BIOMEDIATORS

Control (n=26) MetS (n=39) P Value
HOMA 1.1 (0.9-2.6) 2.1(1.7-4.9) < 0.0001
hsCRP (mg/liter) 1.2 (0.5-2.8) 3.4(1.6-5.2) <0.01
Leptin (ng/ml) 34 (24 —55) 79 (51-104) <0.001
RBP-4 (ug/ml) 41 + 13 51+ 19 <0.02
Adiponectin (ug/ml) | 7.8 (5.4 —12.9) 54(3.8-8.2) <0.02
SAA (ug/ml) 6.5+2.7 95+3.2 <0.001
IL-1p (pg/ml) 9.7 (3.1-11.8) 20.6(5.8—-34.2) | <0.05
IL-6 (pg/ml) 1.2(0.4-2.7) 29(1.1-45) <0.01
TNF (pg/ml) 1.7(0.9-2.9) 2.3(1.1-3.5) >0.05

Bremer AA, et al. JCEM 2011



ADIPOKINE SECRETION FROM
ADIPOSE TISSUE(SAT)

Controls MetS Adjusted P Value
Adiponectin (ng/g) 4.2 (1.3-5.6) 3.7(1.2-4.6) 0.077
Leptin (ng/g) 3.0(2.1-6.2) 7.3 (3.8-18.6)* <0.05
RBP-4 (ng/g) 11.1 (6.4 - 18.4) 29.1(16.2 - 33.7)** | 0.069
CRP (ng/g) 25(2.3-7.9) 54(3.4-19.1)* <0.05
SYAVAN(gleTs) 14.8 (5.1-34.2) 25.3(14.5-55.7)* <0.05
PAI-1 (ng/g) 3.2(2.2-6.5) 56 (3.1-9.9)** <0.001
MCP-1 (ng/g) 6.7 (4.3-9.1) 22.1(11.8-33.5)** | <0.01
IL-1p (ng/mg protein) | 31.1(21.2-45.1) | 39.7 (24.8-61.5)* <0.05
TNF (ng/mg protein) 3.7(1.9-4.6) 3.8(2.9-5.3) > 0.05
IL-6 (ng/mg protein) 16.5(10.6 —24.5) | 18.7 (12.7 - 33.2)* <0.05
IL-8 (ng/mg protein) 10.9(5.1-14.2) 17.4 (14.5-27.3)** | <0.02

Bremer AA, et al. JCEM 2011




Cellular Inflammation & Metabolic Syndrome

Infiltrating Macrophages

*p<0.001

Controls
Control

Bremer AA et al., JCEM 2011



Novel Adipokine Concentrations

Variable Controls (n=30) MetS (n=45) MetSp\-/\s/éICl:Jc?n trol
hsCRP (mg/L) 1.3 (0.5, 4.0) 3.1(1.6,5.4) 0.006
HOMA-IR 1.1(1.0,2.8) 2.8(1.9,5.1) 0.0001
Plasma Chemerin (ng/mL) 27n1:l;(? 3 36n6:§764 :(8888:5[)

SAT Chemerin (ng/mg protein) 3'ng3g'94 3'9i=i42'74 0.001

Plasma Omentin (ng/mL) 2331(154 1n6:1;§ *(2008;1)
SAT Omentin (ng/mg protein) O.3i;:33.09 O.2§:i4g.10 0.01

Plasma Resistin (ng/mL) 18 511:'2’12'5) 24 E]lz.g,l?;.l) *569047)
SAT Resistin (ng/mg protein) 0.1227:33.06 0.1;;:4%05 NS

Plasma Visfatin (ng/mL) 0.57 (223282 0.71) 0.59 (223316 0.96) *(06.1143)
SAT Visfatin (ng/mg protein) 0'12338'09 O.2nljs() 1 NS

*(p-value adjusted for age and BMI)

Results are presented as Mean + standard deviation or Median (25t percentile, 751" percentile).




Secreted Chemerin (ng/mg protein)
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*P=0.01

Jialal et al., J Clinical Endocrinol Metab 2013



Cellular Localization of TLR

LPS, Taxol
Fusion (F) protein of respiratory syncytial virus

TLR 4 Extra domain A of fibronectin, HSP60, HSP70, Hyaluronan

Zymosan —» N-terminus

Peptidoglycans £ciodomain
Lipoproteins

Lipoproteins

LRR
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—__, Transmembrane region —_
—— Box 1
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Krishnan J et al, Exp Mol Med, 2007



Overview of the TLR2 and TLR4 Signaling

lipopeptides
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Cellular Inflammation & Metabolic Syndrome

Controls (n=41) | MetS (n=49)
hsCRP (mg/L) 1.3(0.5, 2.8) 3.7 (1.7, 5.6)*
HOMA-IR 1.1 (0.9, 2.8) 2.4 (1.8, 5.8)*
Plasma Free Fatty Acids (mM/L) | 0.34 +£0.18 0.81 +£0.18**

3.86 £ 0.59 12.95 £ 2.97**
Plasma Endotoxin (EU/ml)

*p<0.05 compared Controls; **p<0.001 compared to Controls; **p<0.0001 compared to Controls

Jialal |, et al. Diabetes Care 2012



Cellular Inflammation & Metabolic Syndrome

Monocyte TLR Expression
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Jialal |, et al. Diabetes Care 2012



Cellular Inflammation & Metabolic Syndrome

TLR2 & TLR4 mRNA expression
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*p<0.05 compared to Controls
Jialal I, et al. Diabetes Care 2012



Cellular Inflammation & Metabolic Syndrome

Monocyte Signaling

— Controls
) MetS

*p<0.001 compared to Controls

Nuclear
PP65/p65
Jialal |, et al. Diabetes Care 2012



Cellular Inflammation & Metabolic Syndrome

Monocyte Cytokines in MetS
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*p<0.05 compared to Controls

Jialal |, et al. Diabetes Care 2012



Plasma Biomarkers of Inflammation & Metabolic Syndrome

Controls (n=41) MetS (n=49)
Plasma sTNFR-1 (pg/ml) 933 + 248 1220 + 303*
Plasma sTNFR-2 (pg/ml) 2037 + 546 2496 £ 719
Plasma IL-8 (pg/ml) 2.3 (0.4, 6.6) 4.9 (0.9, 8.9)*
Plasma MCP-1 (pg/ml) 4.2 (0.4,7.5) 5.7(1.0,9.1)
Plasma IL-1p (pg/ml) 7.3(2.4,10.5) 15.7 (3.3, 29.1)*
345 (248, 468) 287 (249, 575)
Plasma IL-6 (pg/ml) 875 (289, 1425) 1799 (1396, 2145)***

*p<0.05 compared Controls; **p<0.001 compared to Controls; **p<0.0001 compared to Controls

Jialal 1 et al Diahetec Care 2012



LBP levels in Metabolic
Syndrome and Controls

# BMI and WC adjusted, P=0.048

30
20 #

10

LBP (ug/ml)

T |
Control MetS

N=32 N=37

P for Trend for Number of Features of Met Syn, P=0.03



Circulating levels of HMGB1 Iin
Metabolic Syndrome versus Controls

30 -
*BMI and WC adjusted, P=0.001

20 -

HMGB1 (ng/ml)

10 -

P for Trend for Number of Features of Met Syn, P=0.01



TLR2 and TLR4 protein Abundance in Subcutaneous Adipose Tissue
of Metabolic Syndrome Subjects

25
% %

1.5
O Control

H MetS

Arbitrary Units

0.5

TLR2/B-Actin Ratio TLR4/B-Actin Ratio

**p<0.005 compared to control; *p<0.05 compared to control



PLASMA BIOMARKERS OF OXIDATIVE STRESS
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SUPEROXIDE
ANION
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RESTING ACTIVATED

Release of superoxide anion by monocytes under resting and activated conditions in controls and
nascent MetS subjects. Levels of superoxide anion were assessed in MetS subjects and matched
controls subjects as described in Materials and Methods.

*P < 0.05 compared with controls; *P < 0.001 compared with controls.

Jialal et al., JCEM 2012
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Ratio to beta actin

Cl

C2 C3

M1 M2 M3

p22/actin

p47/actin

P22 phox-Membrane

P47phox-Membrane
Nrf2-Nuclear

Beta Actin

O Control (n=21)
W MetS (n=24)

nrf2/actin

NADPH subunit expression and Nrf2 activity
in controls and Nascent MetS subijects.
Western blotting was performed for different
proteins as described in Methods.
Densitometric ratios represent adaptor protein
to beta actin ratios.

** indicates P<0.01 compared to control
* indicates P<0.05 compared to controls

Jialal I, et al. JCEM:2012



OBESITY AND METABOLIC SYNDROME

l Ox-LDL
SFA
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Synthesis and Metabolism of Vitamin D.

Sunlight

Provitamin D3 |—— | Previtamin

F—W

Food

—_— z
(vitamins D, and D3) ‘ Yreamiiaiis

Increased PTH,
e —()—— decreased

phosphate

24-Hydroxylase Ny, /4 lc-Hydroxylase
(CYP24R1) - (CYP27B1)

24,25(0OH),D; ‘ ‘

Biologic Activity f-f'_ ‘ . The NEW E NG LAND
ey JOURNALof MEDICINE

Rosen CJ. N Engl J Med
2011;364:248-254



Table 1. Baseline Subject Characteristics

Controls (n=37) Met S (n=44)
Age 49+ 12 50+ 11
Male/Female Ratio 7M/30F 10M/34F
Waist (in) 36.1+5.6 43.4 + 5.4*
BMI (kg/sq.m) 30.1+8.3 35.1+6.6*
BP-Systolic (mm Hg) 117.7+12.8 131.147 £ 12.7*
BP-Diastolic (mm Hg) 72.9+8.3 825+9.5
Glucose (mg/dL) 88.3+6.5 100.9 £ 11.7*
HDL-Cholesterol (mg/dL) 54.4 +14.5 40.6 £ 10.4*
Triglycerides (mg/dL) 83.6 +46.9 148.8 + 57.1*
CRP (mg/L) 1.4 3.3*
HOMA 1.3 3.8*
Creatinine (mg/dL) 0.78+0.24 0.82+0.22
Calcium (mg/dL) 8.9+0.3 8.9+0.8
Phosphate (mg/dL) 3.6+0.5 3.5+x05
Leptin (ng/mL) 47.9+40.1 84.4 + 47.9**
Adiponectin (ug/mL) 8.7+ 6.6 6.6 +4.1*

Data are provided as mean = SD or median for HOMA and CRP.
CRP-C-reactive protein; HOMA-Homeostasis Model Assessment
*p<0.05 compared to Controls and **p<0.01 compared to Controls

Devaraj et al Horm Metab Res 2011



25-OHD Levels are Significantly Decreased in MetS
compared to Controls
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Summary of Results

of controls and of MetS adult subjects were
In 25 OHD ( , p=0.0236,

» Also, there were no significant differences between the
groups with respect to blood sampling in winter and
summer months (Chi-square p=0.47).

« Total calcium and phosphate were similar between
groups.

 There were correlations of 25 OHD levels with
fasting glucose (r=-0.29, p=0.04) and HOMA-insulin
resistance (r=-0.34, p=0.04).



ANTI- INFLAMMATORY
STRATEGIES FOR DIABETES

s WEIGHT LOSS (DIET + EXERCISE)
m METFORMIN

m STATINS

m ARBS

m GLITAZONES

m VITAMIN D



Changing Portion Sizes

1954
Burger King

2004

2.8 0z 4.3 0z
202 calories 310 calories
1955
McDonald’s 2004
2.4 0z 70z
210 calories 610 calories
1900 2004
Hershey’s
Mlll( OHOCOLM
70z
297 calories 1,000 calories

1916

Coca-Cola

sl

2004

6.5 fluid oz 16 fluid oz
79 calories 194 calories
1950s

Movie popcorn

3 cups
174 calories

21 cups (buttered)
1,700 calories

National Geographic, August 2004



Correlation between weight loss and CRP reduction from intervention trials

40 -

35 -
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25 - *

% CRP reduction
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P<0.05
5 R% = 0.8693
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Basu, A. et al. Arterioscler Thromb Vasc Biol 2006;26:995-1001



Portfolio Diet and C-Reactive Protein

* N=16 subjects on
control diet

» N=14 subjects on
statin +control diet

-
* N=16 subjects on Control
portfolio diet (Low In
sat fat, included L
viscous fiber,
almonds, soy protein, 1 4 Statin

L}

plant sterols) : Diet

eDuration 4 weeks

Jenkins, D. J. A. et al. JAMA 2003;290:502-510.



Metabolic Syndrome in the Diabetes
Prevention Program

e Randomized controlled trial in participants that had impaired glucose
tolerance (WHO criteria plus fasting glucose > 95 mg/dL)

— Intensive lifestyle intervention (n=1079 ), to achieve 7% weight
loss and 150 minutes exercise per week

— Metformin (850 mg bid, n=1073)
— Placebo (n=1082)
e NCEP metabolic syndrome

e 3.2 year follow-up

Orchard TJ, et al. Ann Intern Med, 2005; 142:611-619.



DPP: Impact of lifestyle intervention or metformin
on diabetes
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DPP = Diabetes Prevention Program DPP Research Group. N Engl J Med. 2002;346:393-403.



Incidence of Metabolic Syndrome among
Participants without the Syndrome at Baseline
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Orchard TJ, et al. Ann Intern Med, 2005; 142:611-619.




Prevalence of the Metabolic Syndrome
in All Participants at 3 Years

Baseline | Follow-up P-Value
Placebo 55% 61% p =0.003
Metformin 54% 55% p>0.2
Lifestyle 51% 43% p <0.001

Orchard TJ, et al. Ann Intern Med, 2005; 142:611-619.



Intensive Lifestyle Intervention and Inflammation-DPP
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Effect of a Mediterranean Style Diet on Inflammation in
Metabolic Syndrome

* Randomized single blind trial in 180 patients with ATP-I1I defined MetS

» n=90/group on conventional or Mediterranean style diet for 2 years

« Mediterranean Diet:

«Carbohydrate 50-60%
* Proteins 15-20%
» Total Fat <30%
« Saturated Fat <10%

» Cholesterol <300 mg/day

* Fruits 250-300 ¢

» Vegetables 125-150 g vegetables
« Walnuts 25-50 g

* Whole grains 4009

» Increase olive oil consumption Esposito et al JAMA 2004



% change from baseline

ssEffect of a Mediterranean Style Diet on Inflammation in
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Metabolic Syndrome

B Mediterranean Diet B Control Diet

43% reduction in diagnosis of
MetS at 2 years following
Mediterranean diet compared to
Control diet (p<0.001)

HsCRP IL-6 Esposito We 2l ma 2004

*p<0.05 vs control diet



Simvastatin therapy in Metabolic
Syndrome

Compared to placebo, Simvastatin therapy (40mg/d)
resulted in :

» 329% reduction in LDL-Cholesterol
(117 to 99 mg/dL, p<0.005)

« 429% reduction in non-HDL cholesterol
(135 to 121 mg/dL, p<0.005)

* 36% reduction in
(1.3 to 0.9 mg/L, p<0.005)

Devaraj et al JCEM 2006



Effect of Simvastatin on CRP In Patients with
the Metabolic Syndrome

101 *p<0.0005 compared to
91 placebo
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Devaraj , Chan, Jialal, JCEM 2006



Atorvastatin Therapy: Effect on Ox-LDL

Atrovastatin

J
=
_
a
5
X
O

Baseline Week 12 Baseline Week 12 Baseline Week 12

*p <0.02 compared with baseline

T p = 0.044 compared with placebo

I p <0.001 compared with baseline and placebo
Singh et al 2010,AJC




Time to First Major Cardiovascular Event

TNT In Patients With Metabolic Syndrome

* Prospective double-blind, parallel group trial

« 10,001 patients , aged 35-75 yrs with clinically evident
CAD

« 5584 patients with MetS based on NCEP ATPIII

« Randomized to
-Atorvastatin 10 mg/d (n=2820)
-Atorvastatin 80 mg/d (n=2764)

« Median follow-up of 4.9 yrs

* Primary outcome-Time to first major cardiovascular
event

Deedwania P, et al. Lancet. 2006;368:919-28
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JUPITER STUDY

Primary Prevention study conducted in 26
countries

Rosuvastatin (20 mg/d) vs Placebo

Inclusion Ciriteria; LDL < 130 mg/dL
& CRP > 2.0 mg/L

Primary Endpoint: CV Death, MI, stroke,
unstable angina, arterial revascularization

17,802 recruited (median LDL 108 mg/dL)

Ridker et al AJC



JUPITER Ridker et al NEJM 2008

.

JUPITER

Primary Trial Endpoint : MI, Stroke, UA/Revascularization, CV Death
HR 0.56, 95% CI 0.46-0.69
- P < 0.00001 Placebo 251
° / 8901
S - 44 %
E
G :
o | Rosuvastatin
- 142 / 8901
° 1 : ; ;

Number at Risk Follow-up (years)

Rosuvastatin 8,901 8,631 8,412 6,540 3,893 1,958 1,353 983 544 157
Placebo 8,901 8,621 8,353 6,508 3,872 1,963 1,333 955 534 174



JUPITER

Family HX of CHD
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BMI < 25 kg/m"
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Framingham Risk < 10%
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——
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Ridker et al NEJM 2008
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Summary

- LDL-C: primary target of lipid lowering therapy
*VLDL-C: secondary target

- In practice, use non-HDL-C as secondary target
LDL-C GOAL PLUS 30 mg/dl
- HDL-C: tertiary target

- Benefit of HDL-raising therapies not proven



Effect of Pioglitazone on Biomarkers of Inflammation in Metabolic
Syndrome

* n=60
* Duration 12 weeks
* Pioglitazone (P10) 45 mg/d or Placebo
* Results:
+ PIO {median hsCRP by 31% (P < 0.001)
Uresistin by 10% (P = 0.02)
Tadiponectin by 111% (P < 0.001)

Szapary et al. Arterioscler Thromb Vasc Biol. 2006



Candidate Pharmacotherapies for
Metabolic Syndrome

°* 11 beta-hydroxy steroid dehydrogenase 1 Inhibition
* AMP kinase activation

* Anti-Inflammatory Therapies -anti-IL1therapy etc

SAFETY AND EFFICACY



Global Projections for the
Diabetes Epidemic: 2003-2025

200
202

World

2003 = 194 M
2025 = 333 M
1 72%

M = million, AFR = Africa, NA = North America, EUR = Europe, SACA = South and Central America,
EMME = Eastern Mediterranean and Middle East, SEA = South-East Asia, WP = Western Pacific

CONFIDENTIAL — DAIICHI SANKYO, INC. Diabetes Atlas Committee. Diabetes Atlas. 2nd Edition: IDF 2003.
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	Age (yrs)
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	BMI (kg/m2)
	BMI (kg/m2)
	BMI (kg/m2)


	29 ±7
	29 ±7
	29 ±7


	34 ±6
	34 ±6
	34 ±6


	< 0.01
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	< 0.001
	< 0.001
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	< 0.01
	< 0.01
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	RBP-4 (µg/ml)
	RBP-4 (µg/ml)
	RBP-4 (µg/ml)
	RBP-4 (µg/ml)


	41 ±13
	41 ±13
	41 ±13


	51 ±19
	51 ±19
	51 ±19


	< 0.02
	< 0.02
	< 0.02



	Adiponectin (µg/ml)
	Adiponectin (µg/ml)
	Adiponectin (µg/ml)
	Adiponectin (µg/ml)


	7.8 (5.4 –12.9)
	7.8 (5.4 –12.9)
	7.8 (5.4 –12.9)


	5.4 (3.8 –8.2)
	5.4 (3.8 –8.2)
	5.4 (3.8 –8.2)


	< 0.02
	< 0.02
	< 0.02



	SAA (µg/ml)
	SAA (µg/ml)
	SAA (µg/ml)
	SAA (µg/ml)


	6.5 ±2.7
	6.5 ±2.7
	6.5 ±2.7


	9.5 ±3.2
	9.5 ±3.2
	9.5 ±3.2


	< 0.001
	< 0.001
	< 0.001



	IL-1β(pg/ml)
	IL-1β(pg/ml)
	IL-1β(pg/ml)
	IL-1β(pg/ml)


	9.7 (3.1 –11.8)
	9.7 (3.1 –11.8)
	9.7 (3.1 –11.8)


	20.6 (5.8 –34.2)
	20.6 (5.8 –34.2)
	20.6 (5.8 –34.2)


	< 0.05
	< 0.05
	< 0.05



	IL-6 (pg/ml)
	IL-6 (pg/ml)
	IL-6 (pg/ml)
	IL-6 (pg/ml)


	1.2 (0.4 –2.7)
	1.2 (0.4 –2.7)
	1.2 (0.4 –2.7)


	2.9 (1.1 –4.5) 
	2.9 (1.1 –4.5) 
	2.9 (1.1 –4.5) 


	< 0.01
	< 0.01
	< 0.01



	TNF (pg/ml)
	TNF (pg/ml)
	TNF (pg/ml)
	TNF (pg/ml)


	1.7 (0.9 –2.9)
	1.7 (0.9 –2.9)
	1.7 (0.9 –2.9)


	2.3 (1.1 –3.5)
	2.3 (1.1 –3.5)
	2.3 (1.1 –3.5)


	> 0.05
	> 0.05
	> 0.05
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	ADIPOKINE SECRETION FROM ADIPOSE TISSUE(SAT)
	ADIPOKINE SECRETION FROM ADIPOSE TISSUE(SAT)
	ADIPOKINE SECRETION FROM ADIPOSE TISSUE(SAT)

	Textbox
	Table
	Span
	Controls
	Controls
	Controls
	Controls


	MetS
	MetS
	MetS


	Adjusted P Value
	Adjusted P Value
	Adjusted P Value



	Adiponectin(ng/g)
	Adiponectin(ng/g)
	Adiponectin(ng/g)
	Adiponectin(ng/g)


	4.2 (1.3 -5.6)
	4.2 (1.3 -5.6)
	4.2 (1.3 -5.6)


	3.7 (1.2 -4.6)
	3.7 (1.2 -4.6)
	3.7 (1.2 -4.6)


	0.077
	0.077
	0.077



	Leptin (ng/g)
	Leptin (ng/g)
	Leptin (ng/g)
	Leptin (ng/g)


	3.0 (2.1 -6.2)
	3.0 (2.1 -6.2)
	3.0 (2.1 -6.2)


	7.3 (3.8 -18.6)*
	7.3 (3.8 -18.6)*
	7.3 (3.8 -18.6)*


	< 0.05
	< 0.05
	< 0.05



	RBP-4 (ng/g)
	RBP-4 (ng/g)
	RBP-4 (ng/g)
	RBP-4 (ng/g)


	11.1 (6.4 -18.4)
	11.1 (6.4 -18.4)
	11.1 (6.4 -18.4)


	29.1 (16.2 -33.7)**
	29.1 (16.2 -33.7)**
	29.1 (16.2 -33.7)**


	0.069
	0.069
	0.069



	CRP (ng/g)
	CRP (ng/g)
	CRP (ng/g)
	CRP (ng/g)


	2.5 (2.3 -7.9)
	2.5 (2.3 -7.9)
	2.5 (2.3 -7.9)


	5.4 (3.4 -19.1)*
	5.4 (3.4 -19.1)*
	5.4 (3.4 -19.1)*


	< 0.05
	< 0.05
	< 0.05



	SAA (ng/g)
	SAA (ng/g)
	SAA (ng/g)
	SAA (ng/g)


	14.8 (5.1 -34.2)
	14.8 (5.1 -34.2)
	14.8 (5.1 -34.2)


	25.3 (14.5 -55.7)*
	25.3 (14.5 -55.7)*
	25.3 (14.5 -55.7)*


	< 0.05
	< 0.05
	< 0.05



	PAI-1 (ng/g)
	PAI-1 (ng/g)
	PAI-1 (ng/g)
	PAI-1 (ng/g)


	3.2 (2.2 –6.5)
	3.2 (2.2 –6.5)
	3.2 (2.2 –6.5)


	5.6 (3.1 –9.9)**
	5.6 (3.1 –9.9)**
	5.6 (3.1 –9.9)**


	< 0.001
	< 0.001
	< 0.001



	MCP-1 (ng/g)
	MCP-1 (ng/g)
	MCP-1 (ng/g)
	MCP-1 (ng/g)


	6.7 (4.3 –9.1)
	6.7 (4.3 –9.1)
	6.7 (4.3 –9.1)


	22.1 (11.8 -33.5)**
	22.1 (11.8 -33.5)**
	22.1 (11.8 -33.5)**


	< 0.01
	< 0.01
	< 0.01



	IL-1β(ng/mg protein)
	IL-1β(ng/mg protein)
	IL-1β(ng/mg protein)
	IL-1β(ng/mg protein)


	31.1 (21.2 –45.1)
	31.1 (21.2 –45.1)
	31.1 (21.2 –45.1)


	39.7 (24.8 –61.5)*
	39.7 (24.8 –61.5)*
	39.7 (24.8 –61.5)*


	< 0.05
	< 0.05
	< 0.05



	TNF (ng/mg protein)
	TNF (ng/mg protein)
	TNF (ng/mg protein)
	TNF (ng/mg protein)


	3.7 (1.9 –4.6)
	3.7 (1.9 –4.6)
	3.7 (1.9 –4.6)


	3.8 (2.9 –5.3)
	3.8 (2.9 –5.3)
	3.8 (2.9 –5.3)


	> 0.05
	> 0.05
	> 0.05



	IL-6 (ng/mg protein)
	IL-6 (ng/mg protein)
	IL-6 (ng/mg protein)
	IL-6 (ng/mg protein)


	16.5 (10.6 –24.5)
	16.5 (10.6 –24.5)
	16.5 (10.6 –24.5)


	18.7 (12.7 –33.2)*
	18.7 (12.7 –33.2)*
	18.7 (12.7 –33.2)*


	< 0.05
	< 0.05
	< 0.05



	IL-8 (ng/mg protein)
	IL-8 (ng/mg protein)
	IL-8 (ng/mg protein)
	IL-8 (ng/mg protein)


	10.9 (5.1 –14.2)
	10.9 (5.1 –14.2)
	10.9 (5.1 –14.2)


	17.4 (14.5 –27.3)**
	17.4 (14.5 –27.3)**
	17.4 (14.5 –27.3)**


	< 0.02
	< 0.02
	< 0.02
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	Cellular Inflammation & Metabolic SyndromeInfiltrating Macrophages
	Cellular Inflammation & Metabolic SyndromeInfiltrating Macrophages
	Figure

	Novel Adipokine Concentrations
	Novel Adipokine Concentrations
	Novel Adipokine Concentrations

	Table
	Span
	Variable
	Variable
	Variable
	Variable


	Controls (n=30)
	Controls (n=30)
	Controls (n=30)


	MetS (n=45)
	MetS (n=45)
	MetS (n=45)


	p-value
	p-value
	p-value
	MetS vs. Control



	hsCRP (mg/L)
	hsCRP (mg/L)
	hsCRP (mg/L)
	hsCRP (mg/L)


	1.3 (0.5, 4.0)
	1.3 (0.5, 4.0)
	1.3 (0.5, 4.0)


	3.1 (1.6, 5.4)
	3.1 (1.6, 5.4)
	3.1 (1.6, 5.4)


	0.006
	0.006
	0.006



	HOMA-IR
	HOMA-IR
	HOMA-IR
	HOMA-IR


	1.1 (1.0, 2.8)
	1.1 (1.0, 2.8)
	1.1 (1.0, 2.8)


	2.8 (1.9, 5.1)
	2.8 (1.9, 5.1)
	2.8 (1.9, 5.1)


	0.0001
	0.0001
	0.0001



	Plasma Chemerin (ng/mL)
	Plasma Chemerin (ng/mL)
	Plasma Chemerin (ng/mL)
	Plasma Chemerin (ng/mL)


	271 53
	271 53
	271 53
	n=20


	366 64
	366 64
	366 64
	n=37


	<0.0001
	<0.0001
	<0.0001
	*(0.0005)



	SAT Chemerin (ng/mg protein) 
	SAT Chemerin (ng/mg protein) 
	SAT Chemerin (ng/mg protein) 
	SAT Chemerin (ng/mg protein) 


	3.05 0.94
	3.05 0.94
	3.05 0.94
	n=30


	3.94 0.74 
	3.94 0.74 
	3.94 0.74 
	n=45


	0.001
	0.001
	0.001



	Plasma Omentin (ng/mL)
	Plasma Omentin (ng/mL)
	Plasma Omentin (ng/mL)
	Plasma Omentin (ng/mL)


	27 14
	27 14
	27 14
	n=16


	16 5
	16 5
	16 5
	n=16


	0.004
	0.004
	0.004
	*(0.03)



	SAT Omentin (ng/mg protein) 
	SAT Omentin (ng/mg protein) 
	SAT Omentin (ng/mg protein) 
	SAT Omentin (ng/mg protein) 


	0.31 0.09
	0.31 0.09
	0.31 0.09
	n=30


	0.22 0.10
	0.22 0.10
	0.22 0.10
	n=45


	0.01
	0.01
	0.01



	Plasma Resistin(ng/mL)
	Plasma Resistin(ng/mL)
	Plasma Resistin(ng/mL)
	Plasma Resistin(ng/mL)


	1.8 (1.5, 2.5)
	1.8 (1.5, 2.5)
	1.8 (1.5, 2.5)
	n=21


	2.4 (1.7, 3.1)
	2.4 (1.7, 3.1)
	2.4 (1.7, 3.1)
	n=31


	0.04
	0.04
	0.04
	*(0.07)



	SAT Resistin (ng/mg protein)
	SAT Resistin (ng/mg protein)
	SAT Resistin (ng/mg protein)
	SAT Resistin (ng/mg protein)


	0.16 0.06
	0.16 0.06
	0.16 0.06
	n=30


	0.17 0.05 
	0.17 0.05 
	0.17 0.05 
	n=45


	NS 
	NS 
	NS 



	Plasma Visfatin(ng/mL)
	Plasma Visfatin(ng/mL)
	Plasma Visfatin(ng/mL)
	Plasma Visfatin(ng/mL)


	0.57 (0.38, 0.71)
	0.57 (0.38, 0.71)
	0.57 (0.38, 0.71)
	n=22


	0.59 (0.31, 0.96)
	0.59 (0.31, 0.96)
	0.59 (0.31, 0.96)
	n=36


	0.14
	0.14
	0.14
	*(0.13)



	SAT Visfatin (ng/mg protein) 
	SAT Visfatin (ng/mg protein) 
	SAT Visfatin (ng/mg protein) 
	SAT Visfatin (ng/mg protein) 


	0.17 0.09
	0.17 0.09
	0.17 0.09
	n=30


	0.21 0.1
	0.21 0.1
	0.21 0.1
	n=45


	NS
	NS
	NS




	*(p-value adjusted for age and BMI)
	*(p-value adjusted for age and BMI)
	Results are presented as Mean standard deviation or Median (25thpercentile, 75thpercentile).
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	Figure
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	Figure

	Cellular Inflammation & Metabolic Syndrome
	Cellular Inflammation & Metabolic Syndrome
	Cellular Inflammation & Metabolic Syndrome

	Textbox
	Table
	Span
	Controls (n=41)
	Controls (n=41)
	Controls (n=41)
	Controls (n=41)


	MetS (n=49)
	MetS (n=49)
	MetS (n=49)



	hsCRP (mg/L)
	hsCRP (mg/L)
	hsCRP (mg/L)
	hsCRP (mg/L)


	1.3 (0.5, 2.8)
	1.3 (0.5, 2.8)
	1.3 (0.5, 2.8)


	3.7 (1.7, 5.6)*
	3.7 (1.7, 5.6)*
	3.7 (1.7, 5.6)*



	HOMA-IR
	HOMA-IR
	HOMA-IR
	HOMA-IR


	1.1 (0.9, 2.8)
	1.1 (0.9, 2.8)
	1.1 (0.9, 2.8)


	2.4 (1.8, 5.8)*
	2.4 (1.8, 5.8)*
	2.4 (1.8, 5.8)*



	Plasma Free Fatty Acids (mM/L)
	Plasma Free Fatty Acids (mM/L)
	Plasma Free Fatty Acids (mM/L)
	Plasma Free Fatty Acids (mM/L)


	0.34 ±0.18
	0.34 ±0.18
	0.34 ±0.18


	0.81 ±0.18**
	0.81 ±0.18**
	0.81 ±0.18**



	Plasma Endotoxin (EU/ml)
	Plasma Endotoxin (EU/ml)
	Plasma Endotoxin (EU/ml)
	Plasma Endotoxin (EU/ml)


	3.86 ±0.59
	3.86 ±0.59
	3.86 ±0.59


	12.95 ±2.97**
	12.95 ±2.97**
	12.95 ±2.97**




	*p<0.05 compared Controls; **p<0.001 compared to Controls; ***p<0.0001 compared to Controls
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	Cellular Inflammation & Metabolic Syndrome

	Monocyte TLR Expression
	Monocyte TLR Expression
	Figure
	*p<0.01 compared to Controls
	Jialal I, et al. Diabetes Care 2012
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	TLR2 & TLR4 mRNA expression
	Figure
	*p<0.05 compared to Controls
	Jialal I, et al. Diabetes Care 2012


	Cellular Inflammation & Metabolic Syndrome
	Cellular Inflammation & Metabolic Syndrome
	Cellular Inflammation & Metabolic Syndrome
	Monocyte Signaling

	Textbox
	Figure
	*p<0.001 compared to Controls
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	Textbox
	Figure
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	Plasma Biomarkers of  Inflammation & Metabolic Syndrome
	Plasma Biomarkers of  Inflammation & Metabolic Syndrome
	Table
	Span
	Controls (n=41)
	Controls (n=41)
	Controls (n=41)
	Controls (n=41)


	MetS (n=49)
	MetS (n=49)
	MetS (n=49)



	Plasma sTNFR-1 (pg/ml)
	Plasma sTNFR-1 (pg/ml)
	Plasma sTNFR-1 (pg/ml)
	Plasma sTNFR-1 (pg/ml)


	933 ±248
	933 ±248
	933 ±248


	1220 ±303*
	1220 ±303*
	1220 ±303*



	Plasma sTNFR-2 (pg/ml)
	Plasma sTNFR-2 (pg/ml)
	Plasma sTNFR-2 (pg/ml)
	Plasma sTNFR-2 (pg/ml)


	2037 ±546
	2037 ±546
	2037 ±546


	2496 ±719
	2496 ±719
	2496 ±719



	Plasma IL-8 (pg/ml)
	Plasma IL-8 (pg/ml)
	Plasma IL-8 (pg/ml)
	Plasma IL-8 (pg/ml)


	2.3 (0.4, 6.6)
	2.3 (0.4, 6.6)
	2.3 (0.4, 6.6)


	4.9 (0.9, 8.9)*
	4.9 (0.9, 8.9)*
	4.9 (0.9, 8.9)*



	Plasma MCP-1 (pg/ml)
	Plasma MCP-1 (pg/ml)
	Plasma MCP-1 (pg/ml)
	Plasma MCP-1 (pg/ml)


	4.2 (0.4, 7.5)
	4.2 (0.4, 7.5)
	4.2 (0.4, 7.5)


	5.7 (1.0, 9.1)
	5.7 (1.0, 9.1)
	5.7 (1.0, 9.1)



	Plasma IL-1β(pg/ml)
	Plasma IL-1β(pg/ml)
	Plasma IL-1β(pg/ml)
	Plasma IL-1β(pg/ml)


	7.3 (2.4, 10.5)
	7.3 (2.4, 10.5)
	7.3 (2.4, 10.5)


	15.7 (3.3, 29.1)*
	15.7 (3.3, 29.1)*
	15.7 (3.3, 29.1)*



	Plasma TNF (pg/ml)
	Plasma TNF (pg/ml)
	Plasma TNF (pg/ml)
	Plasma TNF (pg/ml)


	345 (248, 468)
	345 (248, 468)
	345 (248, 468)


	287 (249, 575) 
	287 (249, 575) 
	287 (249, 575) 



	PlasmaIL-6 (pg/ml)
	PlasmaIL-6 (pg/ml)
	PlasmaIL-6 (pg/ml)
	PlasmaIL-6 (pg/ml)


	875 (289, 1425)
	875 (289, 1425)
	875 (289, 1425)


	1799 (1396, 2145)***
	1799 (1396, 2145)***
	1799 (1396, 2145)***




	*p<0.05 compared Controls; **p<0.001 compared to Controls; ***p<0.0001 compared to Controls
	*p<0.05 compared Controls; **p<0.001 compared to Controls; ***p<0.0001 compared to Controls
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	LBP levels in Metabolic Syndrome and Controls
	N=32N=37## BMI and WC adjusted, P=0.048
	P for Trend for Number of Features of Met Syn, P=0.03

	Circulating levels of HMGB1 in Metabolic Syndrome versus Controls 
	Circulating levels of HMGB1 in Metabolic Syndrome versus Controls 
	N= 32N= 37HMGB1 (ng/ml)ControlMetS**BMI and WC adjusted, P=0.001
	N= 32N= 37HMGB1 (ng/ml)ControlMetS**BMI and WC adjusted, P=0.001
	P for Trend for Number of Features of Met Syn, P=0.01
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	TLR2 and TLR4 protein Abundance  in Subcutaneous Adipose Tissue
	TLR2 and TLR4 protein Abundance  in Subcutaneous Adipose Tissue
	of Metabolic Syndrome Subjects

	***TLR4TLR2B-actinArbitrary Units
	***TLR4TLR2B-actinArbitrary Units
	**p<0.005 compared to control; *p<0.05 compared to control
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	*p<0.0001ControlMetSJialal I, et al. JCEM:2012*p<0.01Nitrotyrosine (nM)
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	Release of superoxide anion by monocytes under resting and activated conditions in controls and nascent MetS subjects. Levels of superoxide anion were assessed in MetS subjects and matched controls subjects as described in Materials and Methods.
	Release of superoxide anion by monocytes under resting and activated conditions in controls and nascent MetS subjects. Levels of superoxide anion were assessed in MetS subjects and matched controls subjects as described in Materials and Methods.
	Release of superoxide anion by monocytes under resting and activated conditions in controls and nascent MetS subjects. Levels of superoxide anion were assessed in MetS subjects and matched controls subjects as described in Materials and Methods.
	*P <0.05 compared with controls; **P <0.001 compared with controls.

	Figure
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	C1     C2   C3     M1   M2     M3P22 phox-MembraneP47phox-MembraneNrf2-NuclearBeta ActinRatio to beta actinJialal I, et al. JCEM:2012
	NADPH subunit expression and Nrf2 activity in controls and Nascent MetS subjects. Western blotting was performed for different proteins as described in Methods. Densitometric ratios represent adaptor protein to beta actin ratios. ** indicates P<0.01 compared to control* indicates P<0.05 compared to controls
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	Table 1:  Baseline Subject Characteristics
	Table 1:  Baseline Subject Characteristics
	Table
	Span
	Controls (n=37)
	Controls (n=37)
	Controls (n=37)
	Controls (n=37)


	Met S (n=44)
	Met S (n=44)
	Met S (n=44)



	Age
	Age
	Age
	Age


	49 ±12
	49 ±12
	49 ±12


	50 ±11
	50 ±11
	50 ±11



	Male/Female Ratio
	Male/Female Ratio
	Male/Female Ratio
	Male/Female Ratio


	7M/30F
	7M/30F
	7M/30F


	10M/34F
	10M/34F
	10M/34F



	Waist(in)
	Waist(in)
	Waist(in)
	Waist(in)


	36.1 ±5.6
	36.1 ±5.6
	36.1 ±5.6


	43.4 ±5.4*
	43.4 ±5.4*
	43.4 ±5.4*



	BMI(kg/sq.m)
	BMI(kg/sq.m)
	BMI(kg/sq.m)
	BMI(kg/sq.m)


	30.1 ±8.3
	30.1 ±8.3
	30.1 ±8.3


	35.1 ±6.6*
	35.1 ±6.6*
	35.1 ±6.6*



	BP-Systolic (mm Hg)
	BP-Systolic (mm Hg)
	BP-Systolic (mm Hg)
	BP-Systolic (mm Hg)


	117.7 ±12.8
	117.7 ±12.8
	117.7 ±12.8


	131.147 ±12.7*
	131.147 ±12.7*
	131.147 ±12.7*



	BP-Diastolic (mm Hg)
	BP-Diastolic (mm Hg)
	BP-Diastolic (mm Hg)
	BP-Diastolic (mm Hg)


	72.9 ±8.3
	72.9 ±8.3
	72.9 ±8.3


	82.5 ±9.5
	82.5 ±9.5
	82.5 ±9.5



	Glucose(mg/dL)
	Glucose(mg/dL)
	Glucose(mg/dL)
	Glucose(mg/dL)


	88.3 ±6.5
	88.3 ±6.5
	88.3 ±6.5


	100.9 ±11.7*
	100.9 ±11.7*
	100.9 ±11.7*



	HDL-Cholesterol (mg/dL)
	HDL-Cholesterol (mg/dL)
	HDL-Cholesterol (mg/dL)
	HDL-Cholesterol (mg/dL)


	54.4 ±14.5
	54.4 ±14.5
	54.4 ±14.5


	40.6 ±10.4*
	40.6 ±10.4*
	40.6 ±10.4*



	Triglycerides(mg/dL)
	Triglycerides(mg/dL)
	Triglycerides(mg/dL)
	Triglycerides(mg/dL)


	83.6 ±46.9
	83.6 ±46.9
	83.6 ±46.9


	148.8 ±57.1*
	148.8 ±57.1*
	148.8 ±57.1*



	CRP (mg/L)
	CRP (mg/L)
	CRP (mg/L)
	CRP (mg/L)


	1.4
	1.4
	1.4


	3.3*
	3.3*
	3.3*



	HOMA
	HOMA
	HOMA
	HOMA


	1.3
	1.3
	1.3


	3.8*
	3.8*
	3.8*



	Creatinine(mg/dL)
	Creatinine(mg/dL)
	Creatinine(mg/dL)
	Creatinine(mg/dL)


	0.78 ±0.24
	0.78 ±0.24
	0.78 ±0.24


	0.82 ±0.22
	0.82 ±0.22
	0.82 ±0.22



	Calcium(mg/dL)
	Calcium(mg/dL)
	Calcium(mg/dL)
	Calcium(mg/dL)


	8.9 ±0.3
	8.9 ±0.3
	8.9 ±0.3


	8.9 ±0.8
	8.9 ±0.8
	8.9 ±0.8



	Phosphate (mg/dL)
	Phosphate (mg/dL)
	Phosphate (mg/dL)
	Phosphate (mg/dL)


	3.6 ±0.5
	3.6 ±0.5
	3.6 ±0.5


	3.5 ±0.5
	3.5 ±0.5
	3.5 ±0.5



	Leptin (ng/mL)
	Leptin (ng/mL)
	Leptin (ng/mL)
	Leptin (ng/mL)


	47.9 ±40.1
	47.9 ±40.1
	47.9 ±40.1


	84.4 ±47.9**
	84.4 ±47.9**
	84.4 ±47.9**



	Adiponectin (ug/mL)
	Adiponectin (ug/mL)
	Adiponectin (ug/mL)
	Adiponectin (ug/mL)


	8.7 ±6.6
	8.7 ±6.6
	8.7 ±6.6


	6.6 ±4.1*
	6.6 ±4.1*
	6.6 ±4.1*
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	Figure

	Summary of Results•8%of controls and 30%of MetS adult subjects were deficientin 25 OHD (<20 ng/mL; p=0.0236, •Also, there were no significant differences between the groups with respect to blood sampling in winter and summer months (Chi-square p=0.47).•Total calcium and phosphate were similar between groups. •There were significant correlations of 25 OHD levels with fasting glucose (r=-0.29, p=0.04) and HOMA-insulin resistance (r=-0.34, p=0.04).
	Summary of Results•8%of controls and 30%of MetS adult subjects were deficientin 25 OHD (<20 ng/mL; p=0.0236, •Also, there were no significant differences between the groups with respect to blood sampling in winter and summer months (Chi-square p=0.47).•Total calcium and phosphate were similar between groups. •There were significant correlations of 25 OHD levels with fasting glucose (r=-0.29, p=0.04) and HOMA-insulin resistance (r=-0.34, p=0.04).

	ANTI-INFLAMMATORY STRATEGIES FOR DIABETES
	ANTI-INFLAMMATORY STRATEGIES FOR DIABETES
	WEIGHT LOSS (DIET + EXERCISE)METFORMINSTATINSARBSGLITAZONESVITAMIN D 
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	Correlation between weight loss and CRP reduction from intervention trials
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	Portfolio Diet and C-Reactive Protein
	Portfolio Diet and C-Reactive Protein
	ControlStatinDiet 
	•n=16 subjects on control diet
	•n=16 subjects on control diet
	•n=16 subjects on control diet
	•n=16 subjects on control diet

	•n=14 subjects on statin +control diet
	•n=14 subjects on statin +control diet

	•n=16 subjects on portfolio diet (Low insat fat, included viscous fiber, almonds, soy protein, plant sterols)
	•n=16 subjects on portfolio diet (Low insat fat, included viscous fiber, almonds, soy protein, plant sterols)

	•Duration 4 weeks
	•Duration 4 weeks




	Metabolic Syndrome in the Diabetes Prevention Program
	Metabolic Syndrome in the Diabetes Prevention Program
	Randomized controlled trial in participants that had impaired glucose tolerance (WHO criteria plus fasting glucose > 95 mg/dL)–Intensive lifestyle intervention (n=1079 ), to achieve 7% weight loss and 150 minutes exercise per week–Metformin (850 mg bid, n=1073)–Placebo (n=1082)NCEP metabolic syndrome3.2 year follow-up

	00102030400.51.01.52.02.53.03.54.0YearN = 3234, no diabetesAge 50 207 lbsGlucose 107•Lose 5–10 lbs•Exercise 2.5 hrs/wkPlaceboMetforminLifestyleCumulativeincidence ofdiabetes(%)31%58%P< 0.001< 0.001
	00102030400.51.01.52.02.53.03.54.0YearN = 3234, no diabetesAge 50 207 lbsGlucose 107•Lose 5–10 lbs•Exercise 2.5 hrs/wkPlaceboMetforminLifestyleCumulativeincidence ofdiabetes(%)31%58%P< 0.001< 0.001
	DPP: Impact of  lifestyle intervention or metformin on diabetes
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	Orchard TJ, et al. Ann Intern Med, 2005; 142:611-619.Cumulative Incidence of the Metabolic SyndromeTime Since Randomization, y012340.600.450.300.150.00Placebo Group (n=490)Metformin Group (n=503)Lifestyle Group (n=530)53%47% (17%, p=0.03)*38% (41%, p<0.001)**compared to placebo

	Prevalence of the Metabolic Syndrome in All Participants at 3 Years
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	Follow-up
	Follow-up
	Follow-up


	P-Value
	P-Value
	P-Value



	Placebo
	Placebo
	Placebo
	Placebo


	55%
	55%
	55%


	61%
	61%
	61%


	p = 0.003
	p = 0.003
	p = 0.003



	Metformin
	Metformin
	Metformin
	Metformin


	54%
	54%
	54%


	55%
	55%
	55%


	p > 0.2
	p > 0.2
	p > 0.2



	Lifestyle
	Lifestyle
	Lifestyle
	Lifestyle


	51%
	51%
	51%


	43%
	43%
	43%


	p < 0.001
	p < 0.001
	p < 0.001






	Intensive Lifestyle Intervention and Inflammation-DPP
	Intensive Lifestyle Intervention and Inflammation-DPP
	Intensive Lifestyle Intervention and Inflammation-DPP

	YearsHaffner et al Diabetes 2005HsCRP*p<0.001 for intensive lifestyle vs placebo for men and women at 6 months and 1 yr

	Effect of a Mediterranean Style Diet on Inflammation in Metabolic Syndrome•Randomized single blind trial in 180 patients with ATP-III defined MetS•n=90/group on conventional or Mediterranean style diet for 2 years
	Effect of a Mediterranean Style Diet on Inflammation in Metabolic Syndrome•Randomized single blind trial in 180 patients with ATP-III defined MetS•n=90/group on conventional or Mediterranean style diet for 2 years
	•Mediterranean Diet: •Carbohydrate50-60%•Proteins15-20%•Total Fat<30%•Saturated Fat<10%•Cholesterol<300 mg/day•Fruits250-300 g•Vegetables125-150 g vegetables•Walnuts 25-50 g•Whole grains400g•Increase olive oil consumption
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	45Effect of a Mediterranean Style Diet on Inflammation in Metabolic Syndrome

	Simvastatin therapy in Metabolic SyndromeCompared to placebo, Simvastatin therapy (40mg/d) resulted in :•32% reduction in LDL-Cholesterol(117 to 99 mg/dL, p<0.005)•42% reduction in non-HDL cholesterol(135 to 121 mg/dL, p<0.005)•36% reduction inhsCRP (1.3 to 0.9 mg/L, p<0.005)Devaraj et al JCEM 2006
	Simvastatin therapy in Metabolic SyndromeCompared to placebo, Simvastatin therapy (40mg/d) resulted in :•32% reduction in LDL-Cholesterol(117 to 99 mg/dL, p<0.005)•42% reduction in non-HDL cholesterol(135 to 121 mg/dL, p<0.005)•36% reduction inhsCRP (1.3 to 0.9 mg/L, p<0.005)Devaraj et al JCEM 2006

	Effect of Simvastatin on CRP in Patients with the Metabolic Syndrome
	Effect of Simvastatin on CRP in Patients with the Metabolic Syndrome
	012345678910012345Serum CRP (mg/L)Week0808PlaceboSimvastatin**p<0.0005 compared to placebo36%

	Atorvastatin Therapy: Effect on Ox-LDL
	Atorvastatin Therapy: Effect on Ox-LDL
	Figure

	Time to First Major Cardiovascular Event in Patients With Metabolic Syndrome•Prospective double-blind, parallel group trial•10,001 patients , aged 35-75 yrs with clinically evident CAD•5584 patients with MetS based on NCEP ATPIII•Randomized to -Atorvastatin 10 mg/d (n=2820)-Atorvastatin 80 mg/d (n=2764)•Median follow-up of 4.9 yrs•Primary outcome-Time to first major cardiovascular eventDeedwania P, et al. Lancet.2006;368:919-28
	Time to First Major Cardiovascular Event in Patients With Metabolic Syndrome•Prospective double-blind, parallel group trial•10,001 patients , aged 35-75 yrs with clinically evident CAD•5584 patients with MetS based on NCEP ATPIII•Randomized to -Atorvastatin 10 mg/d (n=2820)-Atorvastatin 80 mg/d (n=2764)•Median follow-up of 4.9 yrs•Primary outcome-Time to first major cardiovascular eventDeedwania P, et al. Lancet.2006;368:919-28

	Time to First Major Cardiovascular Event in Metabolic Syndrome Patients Without Diabetes
	Time to First Major Cardiovascular Event in Metabolic Syndrome Patients Without Diabetes
	Time to First Major Cardiovascular Event in Metabolic Syndrome Patients Without Diabetes


	JUPITER STUDY•Primary Prevention  study conducted in 26 countries•Rosuvastatin (20 mg/d) vs Placebo•Inclusion Criteria; LDL < 130 mg/dL& CRP >2.0 mg/L•Primary Endpoint: CV Death, MI, stroke, unstable angina, arterial revascularization•17,802 recruited (median LDL 108 mg/dL)Ridker et al AJC 
	JUPITER STUDY•Primary Prevention  study conducted in 26 countries•Rosuvastatin (20 mg/d) vs Placebo•Inclusion Criteria; LDL < 130 mg/dL& CRP >2.0 mg/L•Primary Endpoint: CV Death, MI, stroke, unstable angina, arterial revascularization•17,802 recruited (median LDL 108 mg/dL)Ridker et al AJC 
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	JUPITERRidker et al NEJM 2008Primary Trial Endpoint:MI, Stroke, UA/Revascularization, CV Death
	JUPITERRidker et al NEJM 2008Primary Trial Endpoint:MI, Stroke, UA/Revascularization, CV Death
	Placebo 251 / 8901Rosuvastatin 142 / 8901HR 0.56, 95% CI 0.46-0.69P < 0.00001-44 %012340.000.020.040.060.08Cumulative IncidenceNumber at RiskFollow-up (years)RosuvastatinPlacebo8,9018,6318,4126,5403,8931,9581,3539835441578,9018,6218,3536,5083,8721,9631,333955534174

	JUPITERPrimary Endpoint –Subgroup Analysis II
	JUPITERPrimary Endpoint –Subgroup Analysis II
	0.250.51.02.04.0Rosuvastatin SuperiorRosuvastatin InferiorFamily HX of CHDNo Family HX of CHDBMI < 25 kg/m2BMI 25-29.9 kg/mBMI >30 kg/mMetabolic SyndromeNo Metabolic SyndromeFramingham Risk <10%Framingham Risk > 10%hsCRP > 2 mg/L OnlyAll ParticipantsN P for Interaction2,0450.0715,6844,0730.707,0096,6757,3750.1410,2968,8820.998,8956,37517,80222hsCRP > 2 mg/L Only6,375

	Summary•LDL-C: primary target of lipid lowering therapy•VLDL-C: secondary target-In practice, use non-HDL-C as secondary targetLDL-C GOAL PLUS 30 mg/dl•HDL-C: tertiary target-Benefit of HDL-raising therapies not proven
	Summary•LDL-C: primary target of lipid lowering therapy•VLDL-C: secondary target-In practice, use non-HDL-C as secondary targetLDL-C GOAL PLUS 30 mg/dl•HDL-C: tertiary target-Benefit of HDL-raising therapies not proven

	Effect of Pioglitazone on Biomarkers of Inflammation in Metabolic Syndrome•n = 60•Duration 12 weeks•Pioglitazone (PIO) 45 mg/d or Placebo•Results:•PIO median hsCRP by 31% (P < 0.001)resistin by 10% (P = 0.02)adiponectin by 111% (P < 0.001)
	Effect of Pioglitazone on Biomarkers of Inflammation in Metabolic Syndrome•n = 60•Duration 12 weeks•Pioglitazone (PIO) 45 mg/d or Placebo•Results:•PIO median hsCRP by 31% (P < 0.001)resistin by 10% (P = 0.02)adiponectin by 111% (P < 0.001)

	Candidate Pharmacotherapies for Metabolic Syndrome•11 beta-hydroxy steroid dehydrogenase 1 Inhibition•AMP kinase activation•Anti-Inflammatory Therapies -anti-IL1therapy etc SAFETY AND EFFICACY
	Candidate Pharmacotherapies for Metabolic Syndrome•11 beta-hydroxy steroid dehydrogenase 1 Inhibition•AMP kinase activation•Anti-Inflammatory Therapies -anti-IL1therapy etc SAFETY AND EFFICACY

	Global Projections for theDiabetes Epidemic: 2003-2025
	Global Projections for theDiabetes Epidemic: 2003-2025
	23.0 M36.2 M↑57.0%14.2 M26.2 M↑85%48.4 M58.6 M↑21%43.0 M75.8 M↑79%7.1M15.0 M↑111%39.3 M81.6 M↑108%World2003 = 194 M2025 = 333 M↑72%AFRNASACAEURSEAWP19.2 M39.4 M↑105%EMME2003 2025
	M = million, AFR = Africa, NA = North America, EUR = Europe, SACA = South and Central America, 
	M = million, AFR = Africa, NA = North America, EUR = Europe, SACA = South and Central America, 
	EMME = Eastern Mediterranean and Middle East, SEA = South-East Asia, WP = Western Pacific






