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Reaching the 2020 Goal

Progress to Date — Improving CV Health

Overall Total Population Improvement 2007-8 to 2011-12: 3.5%
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1 Worsening in “poor” but improving in “ideal”. Overall average decreased.
2 Change is small: ~1-3%
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Multiple, Complex Pathophysiological
Defects in T2DM
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Standards of Medical Care in
Diabetes—2013

——— Categories of increased risk for
ibetes (prediabetes)*
FPG 100 mg/dL (5.6 mmol/L) to 125 mg/dL
(6.9 mmol/L) (IFG)
OR

2-h plasma glucose inthe 75-g OGTT 140 mg/dL
(7.8 mmol/L) to 199 mg/dL (11.0 mmol/L)
(IGT)

OR
AlC 5.7-6.4%

*For all three tests, risk is continuous, extending be-
low the lower limit of the range and t ,
proportionately greater at higher ends of the range.

- Predictors? Framingham?

- markers? Liver markers? metabolomics?
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v Framingham Heart Study

A Project of the National Heart, Lung, and Blood Institute and Boston University

Diabetes

(based on Wilson, Meigs, Sullivan, Fox, Nathan, D'Agostino. 'Prediction of Incident
Diabetes Mellitus in Middle-aged Adults: The Framingham Offspring Study,’ Archives of
Congestive Heant Failure.  |nternal Medicine 2007)

Atrial Fibrillation

Cardiovascular Disease

Coronary Heart Disease Outco'“e
Diabetes Type 2 Diabetes Mellitus (fasting blood glucose at or above 126 mg/dL)
Hyperension Duration of follow-up

Average of 7-years, 8-year risk prediction

ntermittant Claudication

Stroke Population of interest
individuals 45 to 64 years

Predictors

. Age categories

: S::zdrg Glucose above 100 mg/dL PrEdiCtﬂ rs
. KDL st conmpuras . Age categories

. oo Pressire cotmories. Gender

L Oy T Fasting Glucose above 100 mg/dL
T hocerone : BMI (Body Mass Index) categories
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Retrospective Cohort Study

Increased liver markers are associated with higher risk of
type 2 diabetes
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Identification of putative biomarkers for prediabetes

by metabolome analysis of rat models of type 2 diabetes

Norihide Yokoi - Masayuki Beppu + Eri Yoshida - Ritsuko Hoshikawa -
Shihomi Hidaka * Toshiya Matsubara - Masami Shinohara - Yasuhiro Irino -
Naoya Hatano * Susumu Seino




Epidemiology/Population

Effects of Prediabetes Mellitus Alone or Plus Hypertension
on Subsequent Occurrence of Cardiovascular
Disease and Diabetes Mellitus

Longitudinal Study

Mizoyan Qiu,* Weili Shen,® Xiaomin Song.* Liping Ju. Wenxin Tong, Haiyan Wa
Sheng Zheng, Yan Jin, Yixin Wu, Weiging Wang, Jingyan Tian

Abstract—Whether prediabetes i one or comb ith other disorders me: L culur discax
CVD) 15 still controvers: ns o e (o mvestigate the a mtion between te and CVD and
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Epidemiology and Prevention

Diabetes Mellitus, Prediabetes, and Incidence of Subclinical
Myocardial Damage
Elizabeth Selvin, PhD, MPH: Mariana Lazo, MD, PhD, ScM: Yuan Chen, MS: Lu Shen, BS:
Jonathan Rubin, MD, MHS; John W. N MB, BCh, BAO, MRCPI; Ron C. Hoogeveen, PhD;
A. Richey Sharrett, MD, DrPH; Christie M. Ballantyne, MD; Josef Coresh, MD, PhD, MHS

ents. How
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Association between the level of circulating
adiponectin and prediabetes: A meta-analysis

Huasheng Laitf, Nie Lint, Zhenzhen Xlng Huanhuan Weng Hua Zhang* J Diabetes Invest 2015;

Department of Endocrinology, Zhujiang Hospital of Southern Medical University, Guangzhou, China

Forest plot for adiponectin levels in prediabetes patients and healthy controls
in prediabetes patients were significantly lower than healthy controls
(WMD —-1.694 ug/mL; 95% Cl -2.151, -1.237; P < 0.001).
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Atherogenic Lipoprotein Profile
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How the Atherometabolic Syndrome
Drives Hepatic Oversecretion of
Apolipoprotein B, the major Protein

of TGRLs and LDL
Edward A, Fisher, MD, P
Leon H. Charney
Cardiovascular )
NYU School of Medicin

VLDL Overproduction in Insulin Resistance
Plasma FFA

Normal




ApoB Degradation and the Pathway to VLDL

GWAS Have Identified A Locus On Chromosome 1p13 As
Having The Lowest P-Value For LDL-C In The Human
Genome

As pubiished in Cen, JBC, JCI, JLR, PLoS One, PNAS

Lipad

15599839 (SORT1) 7.70 x 10-'®

19p13 154420638 (APOE) 333 x 100
19p13 rs6511720 (LDLR) 151 x 10110
2p24 11367117 (APOB) 562 x 10
2p21  rsB544713 (ABCGSABCGS) 3.66 x 1047
5q13 rs12916 (HMGCR) 9.96 x 10*

|Global Lipids Genetics Consortium, N = 100,000)
.QYU Langone
Teslovich, et al, Nature, 2010

The Minor Allele Associated With Higher Sortilin mRNA

Abundance In Human Liver and Lower LDL-C
Sortilin Overexpression Reduces

The VLDL Triglyceride Secretion Rate

S11y 1646776 p=2x10-26 15599839
Mouse Model VLDL Secretion t:‘im s 1 ek
ApoBEC KO, human apoB J 50% 55 $ difference
transgenic E . 2 p=1x10-14
ApoBEC KO, human apoB J 25% ;E. : - iE’;
FARSREnIG, IDLR KO Activation of ER stress and mTORC1 __|
LDLR Knockout ¥3(  suppresses hepatic sortilin-1 levels B i W
in obese mice
Wild Type BRI o s o S B! Hongleng angst Donne: W, Ganion: Aonio Hemendez-ono!

Maria Frank-Kamenetsky,? Stuart Milstein,? Kavin Fitzgerald,? Androw J. Murphy,'
Connie W, Woo,' Alanna Strong,” Henry N. Grsbery,' "Ais
kra Tabas,' Daniel J. Rader,” and Alan A. Taf" IC), 2012

Kathiresan, Nature Genetics 2008
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Relative apoB100




Loss-of-Function Mutations in APOC3,
Triglycerides, and Coronary Disease
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HDIL-Proteome

CETP LCAT ApoCd
PLTP
ApoA-li

Proteinase Inhibitor

HRP AZHP A2GP AIA AHSG

At PhaseResponse HDL-Lipidome: Major Lipid Classes

Heinecke JW. Lipid Res. 2009. S167-5171 Glycolipids

Cholesterol Phospholipids

Tt @ D

J Clin Invest 2007; 117: 746

Chokesten Esters

>200 species of specific lipids



Dysfunctional HDL

Functional HDL Dysfunctional HDL

Pro-atherogenic modifications,
chronic diseases

S Restoration and enhancement of
' anti-atherogenic functions
through intervention

» Cholesterol Efflux T » Cholesterol Efflux |

* Inflammation . » Inflammation 7
» Thrombosis | * Thrombosis T

UNCTIONAIL

' MARKERS OF , MARK

FUNCTIONAL HDL YS v D1
ApoAl, ApoE, ApoCIll, Lp-PLA2,
PON1, AH SAA1

J Am Coll Cardiol. 2012; 60: 2380



Oxidized ApoA-I

oxXTrp7Z-apoAl

HDL Retention Model S e

oxTrp72-apoAt/apoAl

Unadjusted
Adjusted

Unadjusted @~ :
Adyusted @¢—1
'

)
apoAl '

Unadjusted ¢ :
Adyusted .—:

o 1 2 3 S
Ocdicis ratio (95% CI)

Oxidized HDL (U/ml)

Dysfunctional apoA1
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Lowest tertile Middle tertile Highest tertile

Plasma glucose (mmol/)

Nature Medicine 2014; 20: 193
Clin Chim 2012; 414: 125



Macrophage Sterol Efflux: Proposed
Cardioprotective Function of HDL

HDL + apoA-|

DL
\ ABCA1
Qﬁ, ABCG1

Removes
Cholesterol

Sterol Efflux Capacity of Serum HDL Strongly
Associates with Cardiovascular Disease (CAD)

Status
Khera et al. N Engl J Med. 2011;364:127.

Risk Factor Odds Ratio (95% Cl) P Value

Diabetes 1.92 (1.26-2.93) 0.003
1.80 (1.31-2.47)  <0.001
1.30 (0.95-1.73) 0.10
1.01 (0.86-1.18) 0.93
0.85 (0.70-1.03) 0.09

0.75 (0.63-0.90) 0.002

Hypertension
Smoking

LDL cholesterol
HDL cholesterol

Efflux capacity

Impaired sterol efflux in CAD subjects (~20%)
Independent of HDL-C and ApoA-|

Regulation of HDL Function by the HDL
Proteome

Jay Heinecke
University of Washington

funzione

Novel Approaches for
Studying HDL Function

(How do you best measure HDL?)

Alan T. Remaley, MD, PhD

HDL Functional Tests: Cholesterol Efflux

Etfhux
Terule
T ®0 ®10
T2

MI, Stroke (3 years) MACE (3 years)

%
Unadjusted —@—

v 12
Adjusted ——

Unadjusied

Ad;usted

Hazard Ratio (95% CI) Hazard Ratio (95% Ci)

Efflux capacity of HDL is a positively related to future CHD events.

ATVR 2014 33 11696
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Reduction in ischemic heart disease
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LDL-C and Disease Progression
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Change
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Mean LDL-C (mg/dL)

160 190

Grundy 2004



ACC/AHA Blood Cholesterol Guideline

Statin Benefit Groups

Secondary Diabetes - 40to 75 yrs
Prevention LDL-C 70-189 mg/dI LDL-C 2190 mg/dL

Rx: Optimal benefit with high intensity statins = lower LDL-C = 50%
Use moderate intensity if age >75 or can't tolerate high intensity

Primary Prevention -
40 to 75 yrs
LDL-C 70-189 mg/dl
ASCVD Risk 2 7.5 %

Rx: Moderate intensity
or high intensity statin

Statin Rx not automatic,
requires clinician-patient Neil J. Stone
discussion
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CHO 539"

Pocer CHD wascofar

wpe 2 disbetes

No duabetes

Treated hypertension
03

ystolic blood pressure {mm Hg)

«140 S4IG3-80

=140 to <100

160 WETI56%)  24731{4-5%)
Hastolic blood peessure (mm Mg)

4552136

1452 {30%)
wly-mass index (kgfm©)
- 300 30%
5033¢3 3%}

30
DL chalesterod {mmol/L)
10 5032 (40
10tos13 3656 (313
»13 2199 (2.4%] 26332
oking status
Curtent smokers 1268 (3 6%)
NOT - UTRETS 8/03{31%)
Estimated GFR (mil/men per 1.73m%)
<60 W12 {41%)  3364{53%)
163 {3-2%)  7S40(4.0%)
$31542-8%) 157148340%)

10673 (3-2%) 13350 (4-0%)

L ancet. 2010

Efficacy and safety of more intensive lowering of
rol: a meta-analysis of data from
cipants in 26 randomised trials.

Effects on major vascular events
per 1-0 mmol/L reduction in LDL
cholesterol, by baseline

prognostic factors

Rate ratios (RRs) are plotted for each
comparison of first event rates between
treatment groups, and are weighted per 1-0
mmol/L LDL cholesterol (LDL-C) difference at 1
year. Missing data are not plotted. RRs are
shown with horizontal lines denoting 99% Cls or
with open diamonds showing 95% Cls.
CHD=coronary heart disease. GFR=glomerular
filtration rate.

Efficacy and safety of more intensive lowering of LDL
cholesterol: a meta-analysis of data from 170 000 participants
in 26 randomised trials
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Efficacy of cholesterol-lowering therapy in 18 686 people
with diabetes in 14 randomised trials of statins:
a meta-analysis

Lancet 2008,

Cholesterol Treatment Trialists’ (CTT) Collaborators

Proportional effects on cause-specific mortality Proportional effects on major vascular events
per mmol/L reduction in LDL cholesterol in per mmol/L reduction in LDL cholesterol in
participants presenting with or without diabetes participants presenting with or without diabetes

vents (%) i
Events (%) Major vascular event Events (%)

and prior diabetes Treatment Control RR (C1)

Couse of death Treatment Control

Vascular causes

CHD death

Major coronary event

s CHD death | 436146 495 (53 T8 i e Diabetes 776 (8:3%) 979 (10-5%) LB 078 (069-0-87)
NO chabrete 1112(31%) 1465 (3-1% 3 {0.72-0 85)

Any CHD death 1548 (34%) 1960 (4-4%) . 0-81(0.76-0.85) No diabetes 2561 (7-2%) 3441 (9-6%) H 077 (0-73-0-81)

Test fov heterogensity within subgroup: X'y=2:8ip=0.09 Any major coronary event 3337 (7-4%) 4420 (9-8%) & 077 (0-74-0-80)

Test for heterogeneity within subgroup: y*=0-1; p=0-8
Non-CHD vascular death 9 ty 9 Py F

Diabetes y ¢-84{0:63-111) Coronary revascularisation

No disbetes 11 414012 " 95{0-81-112) . . . ‘
e T =S S it < 092 (0:83-1.09) Diabetes 491 (5:2%) 627 (67%) : 075 (0-64-0-88)
Test for heterogeneity within subgroup: e 10 pe0.3 No diabetes 2129 (6-0%) 2807 (7-9%) = 076 (072-0-81)

Any coronary revascularisation 2620 (5-8%) 3434 (7-6%) & 0.76 (0-73-0-80)
Test for heterogeneity within subgroup: ¥*=0-1; p=0-8 '

Vascular death

Diabet 604 (6-4%) 6741

Mo dubere] Vascular death {490 404 1679 (624

0.76-100)

. 12{0:76-030) Stroke
Any vascular deain 2102 (47%) 2553{57%) 0-83(0.79-0-87) ) ) 1 )
Test for haterogenaity within subgroup: y'=1-1: p=0-3 Diabetes 407 (4-4%) 501 (5-4%) —— 079 (0-67-0.93)
No diabetes 933 (27%) 1116 (3:2%) - 0-84 (076-0-93)
["'“" Namcylacdenth ‘ - d 1 Any stroke 1340 (3-0%) 1617 (3.7%) <> 0-83 (0.77-0-88)
liabetes 4§27 (4.6%) 430 (4 6% g7 (082116 T
No disbete 1303 37% 1371 (3 8% Tl 96 (0.67-104 Test for heterogeneity within subgroup: y°=0-8; p=0-4
Ay non-vascular death 1730 (3.8%) 1801 (4.0%) H 0-96 (0.90-1.02)
Teat for heterogeneity within subgroup: ' =0.1; pa07 Major vascular event i
Diabetes 1465 (15-6%) 1782 (19-2%) ‘ 079 (072-0-86)
:\" T ; . bl o No diabetes 4889 (137%) 6212 (17-4%) - 079 (076-0-82)
Nabeti 031/(110%) 04 {11 9% { g1(08) 1)
No disbete 301 (7.9%) 1260 {9.1% H 37 (082-0.92] Any majorvascular event 6354 (14-1%) 7994 (17-8%) @ 0.79(0-77-0-31)
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I 1
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Efficacy of cholesterol-lowering therapy in 18 686 people
with diabetes in 14 randomised trials of statins:

a meta-analysis
Lancet 2008,

Cholesterol Treatment Trialists’ (CTT) Collaborators
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Figure 5; Proportional effects on major vascular events per mmol/L reduction in LDL cholesterol by baseline
lipid profile in participants with diabetes



Statins and risk of incident diabetes: a collaborative
meta-analysis of randomised statin trials

Lancet 2010;

Statin Placuba or control OR{95% Q1) Wesght (%)

3 -8
H - 1 1
/4 -
] 99 -
P 534 .
023 1 - -
E d 1 - =
f 3211 -
4242 ‘.
1 + - 1
{F 1 - 1
PE - :

Figure 2: Association between statin therapy and incident diabetes in 13 major cardiovascular trialst
"Events per 1000 patlent-yoars. tWeights are from random-effects anahesls

In view of the overwhelming benefit of statins for reduction of

cardiovascular events, the small absolute risk for development of
diabetes is outweighed by cardiovascular benefi t in the short and
medium term in individuals for whom statin therapy is recommended.




Statin Induced Dysglycaemia:
How big a deal is it ?

Prof Kausik Ray,
BSc (hons), MBChB, MD, MPhil (Cantab), FRCP, FACC, FESC, FAHA

Statins increase risk of Dysglycaemia

Statin Placebo or control OR (95% Cl) Weight (%)
Events Events Rate

ASCOT-LLA? 7773 154 105
HPS* 14573 335 A 80
JUPITER® 17802 270 12:8
WOSCOPS® 5974 75 - 65
LIPID® 6997 126 - 66
CORONA® 3534 100 185
PROSPER" 5023 165 : 15.8
MEGA® 6086 172 5 101
AFCAPS/TEXCAPS* 6211 72 : 46
45% 4242 198 168
ALLHAT* 6087 238 14.4
GISSI HF* 3378 225 321
GISSI PREV? 3460 96 30.6

114 (0-89-1.46) 7.07%
115(0.98-135) 13.91%
126 (1.04-1.51) 11.32%
079(058-1.10) 4.24%
0.91(071-171) 6-53%
114 (0-84-155) 4.65%
132(1.03-169) 6:94%
107 (0-86-1.35) 8.03%
098(070-138) 376%
1.03(0-84-1.28) 8.88%
115(0.95-141) 1023%
110(0-8-135)  9:50%
0.89(0-67-1.20)  4.94%

¥

n_
| P ) L) o

Overall (I*=11.2% [95% C1 0-0-50-2%]) 1.09(1.02-1.17) 100%

2.0

Sattar N, et al Ray KK. Lancet 2010; 375: 735-42



Inhibiting HMG-CoA may mediate glucose
levels via prenylation pathways

Acetyl-CoA
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HMG-CoA
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Reductase I Pravastatin
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Geranyl-PP

Farnesyl-PP
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Protein Prenylation Squalene
of small GTPases

(R Rag, BCH Cholesterol
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_ HMG-coenzyme A reductase inhibition, type 2 diabetes,
1517238484 Cases Controls Odds ratio

study

@ and bodyweight: evidence from genetic analysis and

JUPITER
BRHS

Whitehall Il

* - > 10601 randomised trials
2659 Lancet 2015;
8 \lcta-analyses of the
— = | associations of 3-hydroxy-3-
L — methylglutaryl-CoA reductase

1.01(0-84-1

HAPIEE-CZ
HAPIEE-LT
HAPIEE-P1
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BWHHS
DGDG
CCHS
IMPROVE
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ARIC
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deCODE
CCC
InterAct 8246 11132

Overall 26236 164842

94 (0

+: variants rs17238484 and
+* = g 12916 with risk of type 2
— g diabetes

> 1-01 (0-96-1.07)
> 1.02 (1-00-1.05)

(7=2.0%, p=0-435)
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Interpretation

1512916 Cases Controls

study (95% Q)
CFS 17 22 &

EAS 30 826

CARDIA 59 1344

118 1288

FHS

The increased risk of type 2
diabetes noted with statins

NPHS-II

Is at least partially explained
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JUPITER

WHI
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ET20S 1046
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WGHS 1444
InterAct 8247
Overall 14976
(P=36.7%, p=0.071)
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= . . 12 (1041
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Statin Induced Dysglycaemia:
How big a deal is it ?

AHA2014
Prof Kausik Ray,

BSc (hons), MBChB, MD, MPhil (Cantab), FRCP, FACC, FESC, FAHA
London, UK

Associazione statina-disglicemia Statins and Risk of New-Onset Diabetes Mellitus

Ravi V. Shah. MD: Allison B. Goldfine. MD (_1?:}"*{_'”{-(6?ﬁ(’)?"’? -

>

Non-diabetics

Diabetics

Eté Statin therapy Control therapy
Dose dipendente et e,
RN . . . . . All-cause mortali =2
Piu alta in pz con fattori di rischio caraucsieﬁ .-
No effetti su micorvascular diseases R st ol
benefICI ++d| rISChI All-c::us:.mo;talit: r-—-o—i
| ar lacst::':. )—.—ﬁ
Coronary revascularization [
Major coronary event ——
Q?) Relative Ri:k of Event

| RISk

Reduction in cardiovascular New-onset diabetes

risk {primary an Liver and muscle toxicity

prevention in diabetics and Should | start @ statin * Rare serious side effects
non-diabetics) in my patient? (rhabdomyolysis, death)

What is

{by conventional risk algorithms, e.g., ingham score; primary

vs. secondary prevention)



Screening for Heart Disease in Diabetes

Matthew Budoff, MD, FACC, FAHA
Professor of Medicine
Program Director
Director, Cardiac CT
Harbor-UCILA Medical Center, Torrance, CA

Superior doctors prevent the disease. :
 Mediocre doctors treat the disease

 before evident. _
|Inferior doctors treat the full-blown disease. |
--Huang Dee: Nai-Ching

. (2600 BC First Chinese Medical Text)
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