Promoting Cardiovascular Health
A Scientific & Stratified Approach

Subclinical - Heart, Brain, Longevity
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NHLBI Strategic Visioning:
Setting an Agenda for the NHLBI of 2025

Goal 1: To oxpand knowledge of the molecular and physiological mechanisms governing the

Human Health ne;mal function of HLBS systems as essential elements for sustaining human health.,
bl Z. To extend our knowledge of the pathobiology of HLBS disorders and enable clinical
Human Disease investigations that advance the prediction, prevention, preemption, freatment, and cures
of human diseases.
Goal 3: To facilitate innovation and accelerate research translation, knowledge dissemination,
1 EUDLEEETE (W I and Implementation science that enhances public health.
Goal 4: To develop and enable a diverse biomedical workforce equipped with the essential skills

A (R D CEDTT (2:E3 and research resources to pursue emerging opportunities in science.

M Lauer, GH Gibbons et. al. JACC 2015: 65: 1130 = Environment



Integration of social science
into research is crucial

Social scientists must be allowed a full, collaborative role if researchers are to
understand and engage with issues that concern the public, says Ana Viseu.

FOR THE SOCIAL
SCIENCES TO MAKE

CONTRIBUTIONS,

STRUCTURES MUST BE

A Viseu. Nature 2015;525:291



Health - Scientific Translational Approach

1.Basic Research

31

Patient

1t

2.Clinical Trials

It

3.Global

European Advisory Committee on Health — July 2013
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UsS 1980 to 2008

All Cardiovascular Disease
Coronary Heart Disease
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LJ Laslett et. al. JACC 2012;60:51 —
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—e— Home Health ——-Hospital —— MNursing Home == Physician -3 Medications

ACC BOT’ ESWG Members (L Laslett et. al.) JACC 2015; 66 (suppl D).



United
States

France

Switzerland
Canada
Japan

—0 UK
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Italy

et

OECD Average in 2011 = 9.3% of GDP

1980 1985 1995 2000 2005 2010

ACC BOT’ ESWG Members (L Laslett et. al.) JACC 2015; 66 (suppl D).



m Two fifths (40%) of members identify reimbursement as the biggest issue facing CV medicine. Work-life balance (30%),
certification/MOC (26%), and costs/rising costs/bundled payments (24%) are also challenges.

* Reimbursement/Payment cuts/Medicare/Medicaid

Work-life balance, extensive work load/work hours
Certification/MOC/Training
*Costs;‘Rising costs/Bundled payments

Keeping up-to-date from a clinical standpoint
EMR/Electronic health record
Government regulation/Autonomy
Appropriate Use Criteria
Communication/Information overload
Funding for academic/research/training programs
Quality of care
Changing practice ownership structure - from private to hospital
Clinical topics
Accountable Care Organization
Hospital integration
Patient treatment adherence
Malpractice/Professional insurance 6%
Access to quality tools and guidelines 5%
Tort reform 5%
Other 3%
NA/I do not practice medicine 2%
Not sure 1%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

ACC BOT - 1042 Members (L Laslett et. al.)JACC 2015;66 (suppl D).
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2a. Modifiable CV Risk Factors (7) & Life Style

>2 Risk Factors

1. Ml & 2. Stroke

25% 1n 10 Yrs
75% in 30 Yrs

3.DBD & 4. AD
Quality

NY - Bloomberg: Smoking Cessation - 2002-2010 Success



Environmental M Metabolic
% attributed burden: 1-26% (30894509 DALYSs)
% of total burden: 0-51% (12567525 DALYS)

Metabolic
% attributed burden: 13-99% (342 850762 DALYs)
% of total burden: 5-69% (139467 682 DALYSs)

Behavioural M Metabolic
% attributed burden:
16-74% (410059 870 DALYSs)
% of total burden:

6-81% (166 807561 DALYS)

Unattributed burden
59-32% (1453255919 DALYSs)

Attributed burden
40-68% (99554059 DALY

Environmental
% attributed burden: 12-73% (311956 253 DALYS)
% of total burden: 5-18% (126 900157 DALYSs)

Behavioural M Environmental
% attributed burden: 9-54% (233 666 074 DALYSs)
% of total burden: 3-88% (95052627 DALYs)

Behavioural M Environmental M Metabolic
% attributed burden: 5-54% (135743126 DALYSs)
% of total burden: 2-25% (55 218717) DALYS)

Behavioural
% attributed burden: 40-25% (985 974 474 DALYSs)
% of total burden: 16-37% (401082 890 DALYSs)

GBD 2013 RFs — 188 Countries ( MH Forouzanfar et. al.) Lancet 2015;386:2287 — Gates Found.



2b. Proposed Cardiovascular Side Effects
Of Noise & Air Pollution - ROS

S )

Coronary

artery
Heart mpr BN disease

failure

PM - Arrhythmia

_ Diabetes
Hypertension mellitus

Stroke

T Miinzel et al. Eur Heart J 2015;36:1777



Traffic-related air pollution

Exposure v
Enters the body through Inhalation
established routes

Initial response

Directly or indirectly interacts Particle translocation Sensory receptor activation
with one or more tissues
v l

\J

Systemic oxidative Pulmonary oxidative Autonomic
stress and stress and nervous system
inflammation inflammation imbalance

& + l
I J A A
Tissue and organ responses 5 ——
Physiological responses induce Endothelial dysfunction - blolggrﬁfgssesdure Decree;i%dcr;ergir;‘:agﬁtgzgabrllty

changes in specific bodily systems | |
b } ) )

Metabolic syndrome; Alterations in
lipid and glucose Atherosclerosis Hypertension cardiac function
abnormalities and structure

Clinical cardiovascular effects * + ¢ + l

Pathological changes associated Peripheral Ischaemic Arrhythmia Cardiomyopathy
with exposure manifest as arterial disease events events and heart failure
overt disease

Molecular and cellular effects
Agents or metabolites initiate cascades
of adaptive or maladaptive responses

Lipid oxidation
d metabolism

Subclinical effects

Early detection of pathological
changes can provide evidence
of disease processes

KE Cosselman et. al. Nat. Rev. Cardiol. 2015;12:627




Clinical to Health - Aging (A) to Birth (B)
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The Three Challenges of Aging
Quantity / Quality of Mental Life

7. CV Drugs Overuse vs Underuse

2. Burden of Disease — QOML / Longevity

3. Wellbeing - Evaluative, Hedonic, Eudemonic




Age 20-39y Age 40-64y Age 265y

All participants Reported by age ® Any use A Any use M Any use
© Polypharmacy A Polypharmacy ™ Polypharmacy
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1999- 2001- 2003- 2005- 2007- 2009- 2011- 1999- 2001- 2003-
2000 2002 2004 2006 2008 2010 2012 2000 2002 2004

No. of participants Year No. of participants

4861 5399 5029 4970 5930 6212 5558 20-39y 1692 1925 1737
40-64y 1787 2022 1799
265y 1382 1452 1493

ED Kantor et. al. JAMA 2015;314:1818




The Three Challenges of Aging
Quantity / Quality of Mental Life

7. CV Drugs Overuse vs Underuse

2. Burden of Disease — QOML / Longevity

3. Wellbeing - Evaluative, Hedonic, Eudemonic




1. CV Drugs - Underuse

Risk Factors - Proportion of Participants at Goal % — 1 year

Trials L SBP DBP Hb A1C Meet Goals
Base FU

BARI-2D 75 56 70 52 14 20
COURAGE 51 55 55 59 12 19
FREEDOM 55 63 53 55 12 20

Freedom, Bari-2D, Courage Investigators, JACC 2013;61:1607
PURE (S Yusuf et al.) Lancet 2011; Aug 28 - Poor Countries, /7% !!!
NHANES, AHA, NHLBI-JNC-7, NHLBI-NCEP — < Adherence

P Muntner, V Fuster et al., AHJ 2011; 161: 719 — 49 seconds !l




CV Drugs Underuse - Polypill, 2ary Prevention.

— =
Argentina [ J
Brazil [ . J e oRETe
Paraguay ASA, Statin, ACE-Inhibitor
ltaly
Spain [W] ) [ e ]

o

AETNA-DIABETES \ /

SECURE-EC 2015 [ NTERACTON W J [W]

Am. HJ 2011;162:811 \[ ]

Semin.Thor.Cardiov.Surg 2011;23:24

JACC, 2014; 64:2071 Approved in 26 Countries

* Valentin Fuster (inventor)



The Three Challenges of Aging
Quantity / Quality of Mental Life

7. CV Drugs Overuse vs Underuse

2. Burden of Disease — QOML / Longevity

3. Wellbeing - Evaluative, Hedonic, Eudemonic




2. Risk Facftors of CV Disease
White Matter & Lacunar Lesions (DBD)

White matter abnormalities
Hyperiension

Synucieopath Diabetes mellitlus

White matter abnormalities? | Congestive heart railure

Stroke Hidmney or liver disease?

Hypoxia Thwwroid disecase

Obsiructive sieep apnea Vitamin B, . deficiency Lacunar stroke

Diabetes mellitus . - Diabetes mellitus

Traumat brain ingury Hypertension

Congestive neart railu » High cholesterol?

Hypertension Emboli

= // |
/'/

Hippocampal atrophy
Hippocampal sclerosis

Obstructive sleep apnea
VWhite matter abnormaiitias?
Hypoxia

Plagues and tangles

Chronic depression or stress
Hypertension

Reduced cerebral blood Now
Diabeaetes meliitus
Hypertension

f Cholestaerol

Smoking

Cerebral amyloid angliopathy

MA Lim et. al. Clin Geriatr Med. 2009:25:191.
JC Kovacic, V Fuster et. al. Circulation. 2011:123:1900



DED/AD - CVRFs, Lacunar Les., < Cognitive
MRI - Perfusion
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Ischemia affects 60 to 90% of patients with Alzheimer’s
1.V Novak, I Hajjar. Nat. Rev. Cardiol. 2010; 7:686(HMS)

2. HW Querfurth, FM LaFeria. NEJM 2010; 362:329
Autops (n=6600

3. JB Toledo et al. Brain July 10, 2013 i
CV Risk Facftors, 607mtlve ﬁunctlon, Imaging

4. CARDIA (K Yaffe et al) Circ. 2015 (In Press)

5.JI Friedman, V Fuster et. al- JACC CV Imag. 2015 (In Press)
Intervention

6. FINGER (T Ngandu et al)., The Lancet 2015; 385:2255



A’sD Vascular - Amyloid, Ather ?

1. V Novak, I Hajjar. Nat. Rev. Cardiol. 2010;7:686
2. HW Quelfurth FM LaFeria. NEJM 2010; 362:329
Ischemia affects 60 to 90% of patients with Alzhelmer’s RFs ?




Early Adult to Midlife (N=3381,FU 25 yrs)

Systolic Blood Pressure
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4. cArDIA (K Yaffe, et al.) Circ — Cognitive — BP, Diabetes
5. u1 Friedman, V Fuster ef. al- JACC CV Imag. - MRI /PET - BP, Diab., Smok.




NTEB total score Executive functioning

Processing speed
O-144 — 0-40

0-12 0-35

O-10 — O-30
O-25 —
0-08 —
O-20 —
O0-06 —
O-15 —

Q-] —
4 -1 —

0-02 — 0.05 —

O-00 I T Q-00 T T
Baseline 12 months 24 months Baseline 12 months 24 months

6. FINGER (T Ngandu et al)., The Lancet 2015; 385:2255




By Education

Costs, thousand §
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MNonblack Black MNonblack Black <HS =HS <HS =HS
MNo dementia Dementia

No dementia Dementia

Women, by Marital Status Men, by Marital Status

Costs, thousand $
Costs, thousand $
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Single Married Single Married Single Married Single Married
No dementia Dementia

No dementia Dementia

_ Out-of-pocket expenditures Implicit costs of care
AS Kelley et. al. Ann Intern Med. 2015;163:729




B. Fibrinogen, Alzheimer’s Disease (Mice)

In AD, Fibrinogen deposits with AB in the brain
parenchyma and cerebral blood vessels. We found
that AP and fibrin(ogen) interact, and their binding
leads to increased fibrinogen aggregation and the
formation of degradation-resistant fibrin clots,
decreased cerebral blood flow and eventual
neurodegeneration. Modest decrease In fibrinogen
levels improves neuronal health. Blocking the
Interaction between fibrin(ogen) & AB and/or
antithrombotics may become a therapeutic target.

M Cortes-Canteli et al. Neuron 2010. 66, 695-709
M Cortes-Canteli et al., J Alzheimer’s Dis 2012; 32:599
M Cortes-Canteli et al., Neurobiology of Aging 2015:36:608

A. Imaging Study in Humans




The Three Challenges of Aging
Quantity / Quality of Mental Life

7. CV Drugs Overuse vs Underuse

2. Burden of Disease — QOML / Longevity

3. Wellbeing - Evaluative, Hedonic, Eudemonic




2.
Oxidative Stress on Telomere
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Long, non-coding RNA

e )

l r—-lmrons { ‘H—J 7-‘

; 5 |H | Structural variations
3'Reg. Exons 5'Req. L

T (Indel, CNVs, rearrangements)
Post-translational - £
+ modifications [—} U N .

| J /mRNA splice variants |K | Protein isoforms ¢ v & : -
L 3T9'0m9f€C(D' _ g L ™ mom

B Niemann et. al. JACC 2011:; 57: 577.
R Madonna, R De Caterina et. al EHJ 2011;32:1190 (Houston &Chieti, Italy)
JC Kovacic, EG Nabel, V Fuster — Circ. 2011:;123:1650
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Oxidative Stress & Environment

Telomere Attrition & Shortening

*Smoking
*Obesity
Sedentary lifestyle

Inhibition Of Telomere Shortening
*Healthy lifestyle

F Fyhrquist et al. Nat Rev Card. 2013; 10:274
PESA (V Andres, V Fuster et al) 2075



The Three Challenges of Aging
Quantity / Quality of Mental Life

7. CV Drugs Overuse vs Underuse

2. Burden of Disease — QOML / Longevity

3. Wellbeing - Evaluative, Hedonic, Eudemonic

A Steptoe et al., Lancet 2015; 385:641



Cantril ladder

High-income English-speaking countries -] Countries of the former Soviet Union
and eastern Europe

Mean score

Sub-Saharan Africa

Mean score

_____:“_---:-_—_'__'_::

T T T T 1 T T T T 1
15-24 25-34 35-44 45-54 55-64 6575 15-24 25-34 35-44 45-54 55-64 65-75
Age (years) Age (years)

A Steptoe et al., Lancet 2015; 385:641
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Atheroscler, VP/HRP
71980-2000 2000-2015

Invasive Imaging Non-Invasive Imaging

Local Outlook Svyvstemic Outlook
Focus on Vulnerable Plagques Focus on Vulnerable Patient

Optical Coherence Tomography Novel Systemic Factors and Biomarkers
Near Infrared Spectroscopy PCSKS9 Inhibition
Bioabsorbable Stents Statin Therapy
Molecularimaging Polypill
Other Non-Invasive Imaging Modalities Optimal Medical Therapy

Cnny

MI Tomey, J Narula, J Kovacic, JACC 2014; 63: 1604 - VF Modified
A Arbab-Zadeh, V Fuster J. Am. Coll. Card. 2015; 65: 846




Carotid 3D-US, Coronary Calcification

Intima-Media | Media-Adventitia
3 complex 3 boundary
-

& Inter-slice
interval

Pl. Valentin Fuster, Mobile Units - AHJ 2010;160:49
H Sillesen, P Muntendam, E Falk, V Fuster et.al JACC Imag. 2012;7:681.
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PESA & AWHS HRP > 55y,
40-54y, N= 4,060, FU 0,3,6 y N=5808 FU3y

1. Predicting Progression (a-b) 1. Predict. Events (a-b)
2. Three Life Style Approaches 2. Economics ?

Agxteria
Coronaria
¥ Obstruida

7 Masculo cardiaco

danado

— =
3. Omics (Framingham) - 4. Telomeres (S.blot, gPCR, Fresh)

U Baber, R Mehran, V Fuster, et al. J. Am. Coll. Card. 2015; 65: 1065



1a). Cross Interaction (n=5808)
Between Caroftid Plague & CAC

100% - ECAC >0 ® CAC > Tertile 1 m CAC > Tertile 2

86%

80% - .
|| IMT vs Focal: + o

lio-Femoral: +++

62%

60% -

46%

Prevalence (%)

40% -

20% -

0% -
No Carotid Plagque cPB Tertile 1 cPB Tertile 2 cPB Tertile 3
(n=1,316) (n=1,498) (n=1,497) (n=1,497)

U Baber, R Mehran, V Fuster, et al. J. Am. Coll. Card. 2015; 65: 1065



Three-Year Secondary MACE Rates by Carotid and Coronary Atherosclerosis
Reclassification: CAC 24% - cPB 18%

10.2%
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3.0°9¢
> Tertile 3

Tertile 2

Tertile 7
No Detectapio

laQUe
No Detec:tab[e CAC

Tertile 3

U Baber, R Mehran, V Fuster, et al. J. Am. Coll. Card. 2015: 65: 1065




Extent of Polyvascular Atherosclerosis Overall and by Framingham Risk

' | Any Polyvascular Atherosclerosis (Tertile 1 or greater)
1 Moderate Polyvascular Atherosclerosis (Tertile 2 or greater)
B Extensive Polyvascular Atherosclerosis (Tertile 3)
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Entire Cohort Low Risk Intermediate Risk High Risk
(N=5,808) (N=3,829) (N=1,527) (N=452)

U Baber, V Fuster et. al. ] Am Coll Cardiol 2015 (In Press).
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TECHNOLOGY AND INFRASTRUCTURE

PRECLINICAL IMAGING FACILITIES

The CNIC is an international
reference center in imaging
technology




PESA & AWHS HRP > 55y,
40-54y, N= 4,060, FU 0,3,6 y N=5808 FU3y

1. Predicting Progression (a-b) 1. Predict. Events (a-b)
2 2. Economics ?

Arxteria
- Coronaria
¥ Obstruida

3. Omics (Framing.) 4.Telomeres (S.blot, gPCR, Fresh)
PESA (L Fernandez-Friera, A Fernandez-Ortiz, V Fuster et.al) Circ 2015, 4/20




llio-femoral More Sensitive Than Carotid (6 regions)

v AR
L
LT I__!"-I-'___ "':l b
CAROTID ARTERIES WY

Presence of plague

CORONARY ARTERIES

Calcium score==]

ABDOMINAL AORTA

Fresence of plague

ILIO-FEMORAL ARTERIES

Presence of plague

- Generalized (4-6 vascular sites)

Disease Intermediate (2-3 vascular sites)

Focal (1 vascular site*)

Mo Disease

PESA (L Fernandez-Friera, A Fernandez-Ortiz, V Fuster et.al) Circ 2015, 4/20



1a).

Of Subclinical Atherosclerosis

40-44 vears 45-49 years 50-54 years 40-44 years 45-49 years S50-54 years

PESA (L Fernandez-Friera, A Fernandez-Ortiz, V Fuster et.al)
Circulation 2015, 4/20

Disease

. Generalized (4-6 vascular sites)
Intermediate (2-3 vascular sites)
Focal (1 vascular site®)

No Disease




1b) PET / MRI Protocol

2010

2013

2016

2019

Banco de Santader employees in Madrid
aged 40-55 years = 6000

Exclusion criteria
Informed consent

PESA baseline cohort n=4000

* Cardiovascular risk factors
* Physical examination

* Blood sampling

* Questionnaires

l

3 years follow-up visit

* Cardiovascular risk factors

* Physical examination

* Blood sampling

* Questionnaires

+2D/3D US carotid-iliofemoral
* CT coronary calcium score

* Clinical events

l

6 years follow-up visit

* Cardiovascular risk factors

* Physical examination

* Blood sampling

* Questionnaires

+2D/3D US carotid-iliofemoral
* CT coronary calcium score

* Clinical events

plagues

Advanced imaging n=1300

...... » * *FDG PET/MRI ‘l

documented

=<
=

« 18FDG PET/MRI

Study population
=950 individuals who had baseline vascular PET/MRI and will returned for
follow-up vascular MRI to CNIC

Imaging protocol
A cardiac MRI study, including cine (LV function and structure), T1- and T2-
mapping (Inflammation and diffuse fibrosis) and LGE (scar)

Advantages / Requirements

- Instead of having a vascular PET (30 min), they will have a cardiac MRI
(novel heart assessment in PESA)

- Fibrosis quantification: creatinin / Hb

- Additional Budget: contrast for 950 cardiac MRI: 46.400 € (personal
included)




Clinical to Health - Aging (A) to Birth (B)
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NEURODEGENERATIVE DISEASE

Brain windfall
- - iseases such as Alzheimer’s and Parkinson’s are rising up
o lmu a e o lva e the research agenda, partly because of ageing populations.




1. AMPATH Centers In Kenya
BP Control / Non MD / High Technology

Kapoeguris
8

M.Elgon @"
] . .Kitnlo

@ Naiir

“.'SC' ‘ .hcn
Amoluna 0.9 | BIRBO I “oEldoret  Kabamet

! 1@ Uasin Gishu®
fusa @ @ Nanble >‘0Lasm.mhu

@ Khumyargo .'

Y
Mukhodoko @ ‘ MOSORIOT | ®umiForest
\

Port Victoda @ Chu.la:mto

Laka Victoria

R Vedanthan, V Fuster, NHLBI/ Kenya Model (2012-2016)



2. CARDONA INTEGRAL - “FIFTY-FIFTY”

SMOKING 0 il 2 - - 2
OVERWEIGHT 0 12 2 - - 2
SEDENTARISM 0 13 2 - - 2
HYPERTENSION 0 14 of - - 2

TOTAL HABIT SCORE S 3




The Seven Community Study

Programa
Fifty—Fifty

E. Gomez, V Fuster et al 2015 (Subm)
Approach 3: Ongoing PESA Program, Madrid - AHA 2015
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Increasing Communications among Brain Regions over Time

AYAAAS

JN Giedd. Scientific American 2015:312:32
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