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Jean Ribstein }

Hypertension arterielle

et risque

* Introduction
la maladie et ses causes -
risque et facteurs de risque i

* Hypertension arterielle
étiologie,
épidemiologie,
physiopathologie

Olim Cous nunc Monspeliensis Hippocrates



DIW Coggon, CN Martyn. Lancet 2005;365:1434



Une corrélation entre consommation de chocolat et prix Nobel !?
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William Osler (1849-1919)

“La médecine est une science de l'incertitude
et un art de la probabilite ”



Expliquer et comprendre la maladie. Faire des prédictions ?

Le concept de risque et
la recherche de preuves



Hippocrate
c. 460-370 BC

‘La vie (bios) est courte, l'art
(teckne) est long, I'occasion
(kairos) fugitive, I'expérience
(peira) trompeuse, le jugement
(crisis) difficile’

(Aphorismes |.1)

‘Pour moi, je ne ferai point de telles divinations,
mais j’écris les signes par lesquels on doit
conjecturer, parmi les malades, quels guériront
et quels mourront, quels guériront et quels
mourront en peu ou en beaucoup de temps’
(Prorrhétique Il)



De I'élaboration du pronostic

au diagnostic des causes ...
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‘Cherchons les causes
de ce qui leur arrive’

De fait, si 'on connaissait
la cause de la maladie, on
serait en mesure
d’administrer au corps ce
qui est utile, en partant
des contraires pour
s‘opposer a la maladie
(Des Vents, |. 4)

jaune a noire




. et a partir de la
s’allier a la vis medicatrix naturae
en remeédiant au déséquilibre des humeurs

(Une “base théorique” de la saignée)
o '_. ' A, . '-—'"'--, = e -




Le principe de causalité

‘Tout evéenement a une cause’

Pour Aristote (384-322 BC),

I"objet ‘statue’ renvoie a un
ensemble de ‘causes’

matérielle (le marbre),
efficiente (I’action du ciseau),
formelle (I'idée qui transforme),
finale (I'intention du sculpteur)




Le vrai et le probable

La sophistique donne une
apparence de réalité,

La dialectique permet une
approche du probable,

L'étude philosophique /
scientifique
porte sur la vérité
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Le mot risque (XVI°) désigne ce qui s’est appelé
peéril (X°), aventure (XI°), hasard (XII°)
Son origine est incertaine (risco, rixa, rizk)
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La naissance des statistiques - 1662



Le calcul du risque lié au jeu - 1560-1663

Girolamo Cardano
(1501 — 1576)

Liber de ludo aleae
1560, 1663
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MENSURA SORTIS,
SEN; DE

Probabilitate Eventuum in
Ludis a Cafu Fortuito
Pendentibus.

Awtore Abr. De Moivre, R, S. 5.

Le risque est |'espérance
mathématique d'une
fonction de probabilité
d'événements

Daniel Bernoulli (1700-1782)

Specimen theoriae novae de mensura sortis, 1738



Pierre-Simon Laplace
(1749 - 1827)

Nous devons

envisager l'état

présent de l'univers

comme l'effet de son

état antérieur, et

comme la cause

de celui qui va suivre

La théorie des probabilités

n’est au fond que du sens

commun réduit au calcul ; elle nous
rend capables d’apprécier avec
exactitude ce qu’un esprit fin ressent
avec une sorte d’instinct dont il est
souvent incapable de rendre compte
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Pierre Louis (1787-1872), promoteur de la ‘méthode numérique’ : la statistique est
la base fondamentale et unique de toutes les sciences médicales.

Claude Bernard (1813-1878), tenant de la ‘médecine expérimentale’ : 'usage des
moyennes et I'emploi de la statistique, en médecine et en physiologie, conduisent
pour ainsi dire nécessairement a l'erreur.



Au total, le risque,

e défini comme la probabilité gu’un événement se realise,

e plutdt percu comme un danger ou une menace,
guelle que soit |a possibilité de le mesurer

se distingue du hasard, qui est de I'ordre de
e |'inexplicable (il parait sans cause ni raison),
e |e contingent (il aurait pu ne pas se produire),

e |e fortuit (il reste imprévisible, imprédictible)

La prédiction reste

e impossible (si le phénomene est indéterminé)

e imprécise (en matiere de connaissance - insuffisante)
* incertaine (en matiere de croyance a lui accorder)



Comment agir dans un contexte d’incertitude ?

« distinguer entre traitement medical
legitime et magie requiert soit que des
procédures valides soient basées sur
une comprehension scientifique, soit
qu ‘une preuve empirique indique que
le traitement proposé soit efficace »

Moise Maimonide 1135-1204
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Robert Koch
1843-1910 i~
Postulats sur la causalité (en matiere infectieuse)
e présent // maladie - absent // santé
eisolable chez I'animal, cultivable en culture

eresponsable de la maladie originale par inoculation
a I’'animal sain, et a nouveau isolable en culture

Jakob Henle
1809-1885




Avant d’expliquer les ‘épidémies’ du XX° siécle
La recherche des ‘sighes des
maladies obscures’



20-Year Lag Time Between Smoking and Lung Cancer
“gmoked
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Per Year
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Les criteres (points de vue sur les causes) de
Austin Bradford Hill

1) l'association est-elle forte ?
2) I'observation est-elle reproductible ?
3) le facteur présumé est-il spécifique ?
4) la temporalité est-elle respectée ?
5) y a-t-il un gradient exposition / effet ?
6) y a-t-il un mécanisme biologique plausible ?

(et/ou n'y a-t-il aucune explication alternative ?)

(7) 'observation est-elle cohérente avec ce que I'on sait
par ailleurs de la maladie

(8) la relation concorde-t-elle avec un test experimental
(ou un essai clinique de traitement) ?

(
(
(
(
(
(

The Environment and Disease : Association or Causation ? 1965
Observation and experiment, 1953



En ce qui concerne I’hypertension artérielle

A l'origine, une
hypothese
mécanistique

Guy’s Hospital Reports, London,
1836 ;1:338-400




. antérieure aux mesures
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Sphygmographe de Marey (1860)
Frederick Akbar Horatio Mahomed (1849-1884)



1905 R30S

Nikolai Korotkoff (1874-1920) Scipione Riva-Rocci (1863-1937)



Et ce sera la premiere ‘'maladie quantitative’




Louis Gallavardin. La tension artérielle en clinique.
Sa mesure, sa valeur sémiologique (1910 Masson 1920)

unn-mnumum
~==w.=a....=..g T




L'invention de I'hypertension artérielle
dans le cadre des preoccupations de
I'assurance-vie

De fait, les médecins du XIX¢me siécle cherchaient a
‘découvrir les grands signes des maladies obscures’

e Anonyme. Traité complet de 'examen médical dans les
assurances sur la vie. Warnier libraire éd., Paris 1887

e Moritz. De I'examen du coeur en matiere d’assurance

vie. 1°" congres des médecins d’assurance vie.
Bruxelles, 1899



Z i Fischer JW. The diagnostic value of the sphygmo-manometer
Esperance de vie (ans) in examinations for life insurance. JAMA 1914,63:1752-4

0 10 20 30 40
nomat”
130/90 I | 0 hommeage 35:415ans
140/ I o
150 /100 | 16,5
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130 /90 I homme age 45: 32 ans
140/ 95 I s
150 / 100 s 11,5
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130 /90 B ©  homme age 55: 23,5 ans
140/ 95 I | ¢
150 / 100 B S

Metropolitan Life Insurance Company, 1961
mm Hg in Lew EA. Am J Med 1973;565:281-94



La signification de

1’ hypertension artérielle

pour la pratique médicale

va rester longtemps
controversée

i - o

“the treatment of the hypertension itself is a
difficult and almost hopeless task in the
present state of our knowledge and in fact, for
ought we know the hypertension may be an
important compensatory process which should not
be tampered with even were it certain that we
could control it"“

Paul Dudley White. Heart Disease.
MacMillan Med, New York, 1931
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‘ William W Gull & Henry G Sutton
On the pathology of the morbid state
~ commonly called chronic Bright's disease
AR e e e N ~with contracted kidney ("arterio-capillary
Ll e RN I fibrosis”). Medico-Chirurgical Transactions,

London, 1872, 55: 273-326

... comme aussi l'interprétation anatomo-clinique
de la maladie hypertensive



INTRODUCTION

The association of cardiac enlargement and renal contraction
has been recognized since Bright’s classical case reports in 1836.
Shortly thereafter Johnson added diffuse disease of the smallest
arteries to the pathological anatomy of Bright’s disease and in
1873 proposed the theory that renal disease was primary with
subsequent diffuse thickening of the walls of the smallest arteries
leading to increased peripheral resistance, elevated blood pressure
and cardiac hypertrophy.

Subsequent observations added complexity rather than sim-
plification to the problem. Gull and Sutton reported widespread
small vessel disease called by them “arterio-capillary fibrosis,”
and observed that “these changes are, or may be, independent of
renal disease, and that the renal change in chronic Bright’s dis-
ease with contracted kidneys, when present, is but a part of a
general morbid condition.” They concluded that the diffuse vas-
cular disease was a primary pathological change responsible for
increased resistance to blood flow. Confirming this general hy-
pothesis were the early clinical observations on blood pressure by
Mahomed to the effect that high blood pressure precedes the
clinical signs of renal damage.

Moritz AR, Oldt MR. Arteriolar sclerosis in hypertensive and non-hypertensive individuals. Am J Pathol 1937;13



The Kidney in Essential Hypertension

Victim or Culprit

By HerBert CHasis, M.D., ANp Davip S. BaLpwin, M.D.

It is apparent from this review that the structural and functional
abnormalities thus far demonstrated have not established the
pathogenetic role of the kidney in essential hypertension. Aside from
its inability to characterize the dynamics of the renal circulation,
the anatomic approach does not permit one to choose between the
primary or secondary nature of the vascular changes. On the other
hand, the renal hemodynamic and functional alterations (relative renal
ischemia, increased filtration fraction, decreased maximal tubular
excretory capacity, reduced sodium excretion relative to filtration,
decreased formation of free water, and impaired elaboration of an
osmotically concentrated urine) are demonstrable early in essential
hypertension and favor a primary renal mechanism. Continued
exploration of the kidneys' hemodynamics and functions early in
essential hypertension has resulted in the disclosure of an increasing
number of abnormalities. We believe that further study may well
establish its role as culprit.

Circulation, Volume XXXIV, November 1966



Nephron Number in Patients with Primary Hypertension

Gunhild Keller, M.D., Gisela Zimmer, M.D., Gerhard Mall, M.D.,
Eberhard Ritz, M.D., and Kerstin Amann, M.D.

normotensive control hypertensive patient

arteriolar glomerular
hyalinosis enlargement

Keller G, et al. NEJM 2003; 348: 101-108
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Du cbété de la maladie, une entité a construire

L’hypertension arteérielle, une
maladie “essentielle” ?



L’hypertension artérielle ‘essentielle’ :
son ‘histoire naturelle’ au milieu du XX° s.

UNCOMPLICATED
D + 15 YEARS b
heart
% ASYMPTOMATIC % SYMPTOMATIC ATHEROSCLEROTIC
eyes
brain
CARDIAC C)
HYPERTROPHY ARTERIOLOSCLEROTIC
kidneys
MALIGNANT
HYPERTENSION
i + 20 YEARS >
ONSET DEATH
MEAN AGE AVERAGE AGE
32 52

GA Perera. J Chron Dis 1955;1:33



Prehypertension

Asymptomatic
v

Established hypertension

La maladie hypertensive,  fargetorgandisease
son histoire naturelle
au début du XXleme s,

v \ 4 v
Olicosvmptomatic Proteinuria Left-ventricular Retinopathy
Qe Nephrosclerosis hypertrophy Binswanger lesions
| | v <« )
' Chronic Coronary Systolic/ Atrial Dementia
Symptomatlc renal artery diastolic fibrillation Transient
failure disease dysfunction Ventricular ischaemic
Angina arrhythmias attack
v v 4 4 v
] End- st M dial C i Ventricular
Polysymptomatic or nd-stage Viyocardia ongestive tachycardia Stroke
d d renal infarction heart Ventricular
end-stage disease disease failure A
fibrillation
A v

Messerli FH, at al. Lancet 2007;370:591 9 Death 47



Une maladie eventuellement détectable
a un stade ‘préclinique’

—\Jl~

PR Carotid

Left ventricle

J Albuminuria
,..\

Devereux RB, Alderman MH.
Circulation 1993;88;1444-55




... OU une entité cardiovasculaire / cardiométabolique
‘causee’ par des ‘facteurs de risque’

RISK Transiton | PRECLINICAL [Trogers | MORBID

FACTORS | to Disease DISEASE of Morbidity EVENTS
v
Hypertension Hypertrophy Myocardial
*LVH Infarction
(Obesity) - Vascular
G_Inlestgml ATgor?os:;er;osis Stroke
» Carotid \.
Cigarettes Renal Dysfunction Arrhythmic

* Microalbuminuria Sudden Death

Countervailing
mechanisms
Devereux RB, Alderman MH. Circulation 1993;88;1444-55



Des facteurs de risque ou des mécanismes, plutét que des causes
Constitution (génetique),
environnement,

hygiene de vie



Le sel, premiere cible de traitement

Le c6té de Guermantes (lll, 208) 1920

* ‘Cottard essaya, pour calmer 'agitation de sa
malade, le régime lacté. Mais les perpétuelles
soupes au lait ne firent pas d’effet parce que
ma grand’mere y mettait beaucoup de sel
(Widal n‘ayant pas encore fait ses
découvertes), dont on ignorait I’inconvénient
en ce temps-la. Car la médecine étant un
compendium des erreurs successives et
contradictoires des médecins, en appelant a
soi les meilleurs d’entre eux on a grande
chance d’implorer une vérité qui sera
reconnue fausse quelques années plus tard.

Widal F, Lemierre A. Pathogénie de certains oedemes brightiques action du chlorure de sodium ingéré. 1903
Ambard L, Beaujard E. Causes de I’hypertension arterielle. 1904



Walter Kempner 1903-1997

Treatment of kidney disease and hypertensive vascular
disease with the rice diet. N C Med J 1944 ... 1945
Treatment of heart and kidney disease and of hypertensive
and arteriosclerotic vascular disease with the rice diet.
Ann Intern Med 1949;31:821-56
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Relation between BP and TOD in EH patients

according to quintiles of urinary sodium excretion
Montpellier cohort

Left Ventricular Mass Urinary Albumin
g/m 27 Excretion pug/min
1000
120¢ 5 .
i 3100} g
80T -
2
: 1
40t 10}
0 1

90 120 150 180 90 120 150 180
Systolic Arterial Pressure mmHg

du Cailar G, et al. Am J Hypertens 2002;15:222-9



Follow-up LVMI in EH subjects according to
aldosterone levels and sodium excretion

B PAC above median
1 PAC below median

P linear trend = 0.03
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Sex-specific tertiles of 24-hour UNaV (mean and 95% CI)
du Cailar G, et al. Hypertension. 2010;56:865-80



Annual Incidence rate of renal events (%)

=
o
|

=
o
|

Sodium status & adverse event rates

during RAS blockade
RENAAL & IDNT trials
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Development of salt-sensitive hypertension in
rats after exposure to angiotensin |l

Renal biopsy:
interstitial disease and
renal arteriolopathy High-salt diet ¢
- _e L /-_{:\.
Angiotensin Il Rest ' H e
o - e - a ypertensive
el IS RIS

Low-salt diet y
Normotensive Hypertensive Normotensive - =) T8

:".r A/,l- j_‘.O""

Normotensive

High-salt diet
" s ————— i ee—_—E v s ;;—" "
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Normotensive Normotensive

Johnson RJ, et al. N Engl J Med 2002;346:913-23



2 -\
2| Increased arterial | /

pressure

/ . ) Prolonged high
R | sodium chloride intake

Cardlac hypertrophy
Diastolic dysfunction
Systolic dysfunction

Glomerular injury
| Renal failure

Blood vessels

(Oxidative stress
Endothelial dysfunction
Fibrosis

Decreased vascular elasticity

L =

Kotchen TA, Cowley Jr AW, Frohlich ED. Salt in health and disease, a delicate balance. NEJM 2013;368:1229-37
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Gensalt : age- and sex-adjusted BP responses
to low- and high-sodium intake

Low-sodium intervention High-sodium intervention
10-0 =

A
o 1
2 8.0 67 1 67
g
v
55 6.0 —
8 T
<9
s €
T E 4-0 —
e
0
o
3 2:0-
*2 1007 Metabolic syndrome -8.8
@ - No —4— Yes

-12:0 | | | I | | | 0 I I I l l

mm Hg)

~—

Diastolic blood pressure response

Chen J, et al Lancet 2009;373:829



Réduction pondérale (par chirurgie bariatrique)
et baisse tensionnelle (non pérenne)

Systolic Blood Pressure (mmHg)

the Swedish Obesity Study

O Controls
W Surgery

351

30+

25-

20

Percent

154

DIABETES

O Controls
W Surgery

HYPERTENSION

2 years 8 years 2years 8 years

Sjostrom L, et al. N Engl J Med 2004;351:2683-93 & Hypertension 2000;36:20-5



Hannele Yki-Jarvinen :
“Diabetes is a cardiovascular disease
which you diagnose by measuring blood glucose.”

Mean BP by age among individuals who
remained nondiabetic / developed type 2 diabetes

Systolic Diastolic
(o] ; : : = > b
e 1 =
2 - g
o
B = &
E
E 8 -
n- -
)
8§ 5 R
o o
- © 7
[« : 8 -
- T —T T T T T T T T T T T T T
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Age (Year) Age (Year)

The Johns Hopkins Precursors Study
Golden SH, et al..Diabetes Care 2003:26:1110



Impact of health behaviours on BP

Diastolic BP
(mmHg)

Systolic BP
(mmHg)

Intervention

Diet and weight control

Reduced alcohol intake (heavy
drinkers)

DASH diet

Physical activity

Relaxation therapies

Multiple interventions

Clinical Guideline : Methods, evidence and recommendations National Institute for Health and Clinical Excellence (NICE) May 2011



Annals of Surgery
June, 1938

THE SURGICAL PROBLEM OF HYPERTENSION

LovaL Davis, M.D., aAxnp M. HErBerT BARKER, M.D.
CHicaco, ILL.

FROM THE DIVISIONS OF SURGERY AND MEDICINE, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL, CHICAGO, ILL.

BASED upon the assumption that removal of the sympathetic supply in cases
of Raynaud’s disease results in a permanent dilatation of the blood vessels of
an extremity, Rowntree and Adson! applied the same surgical principle to the
treatment of patients with essential hypertension.

Lack of complete knowledge of anatomic and physiologic facts concerning
the sympathetic nervous system makes it difficult to evaluate the results of
surgical intervention. In several instances in the past, the indiscriminate
clinical employment of operations upon the sympathetic nervous system has
eventually proven to have been a mistake, and has retarded the acceptance of
other procedures logical in their conception and successful in their application.




Largement utilisée 30

chez I’hypertendu, 5 —ic
1 200 DIASTOLIC ! X
la sympathectomie _ —‘—%
I & @ DI:\S/‘T%I‘B)C 1
= -3 2 mm—.
E 100 : LA
a eu un effet consistant ... ——| L
300
2™ 1 BT
z ES : U;R " . g%
) €00 Q ‘ . . —.! 6? e °
IOO o1 ° é 2% 5 Paf—e 9
' g G Qs —o
... mais pas toujours durable

Evelyn KA, et al. JAMA 1949;140:592 7 6 5 4 3 2 I l 2 3 4 5 6 7yr



Age and Blood Pressure Changes
A 20-Year Follow-up Study in Nuns in a Secluded Order

MARIO TiM10, PAOLO VERDECCHIA, SANDRO VENANZI,
SIMONETTA GENTILI, MAURIZIO RONCONI, BIANCA FRANCUCCI,
MAURO MONTANARI, AND ETTORE BICHISAO
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Mean values (+ SD) of systolic and diastolic blood pressure obtained every 4 years to the end of the study.
Hypertension 12: 457-461, 1988
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Although it has been suggested (Fahr) that renal ischemia,
by itself, may play an important part in the development of the
hypertension which 1is associated with more or 1less diffuse
vascular disease in man, the wvalidity of this contention has
not, up to the present time, been investigated experimentally
in animals by a study designed to test the effect on blood
pressure of renal ischemia alone.In the investigation here
reported, the working hypothesis adopted was that ischemia
limited to the kidney may be the initial condition in the
pathogenesis of the hypertension that is associated with

nephrosclerosis [Goldblatt HG, et al. J Exp Med 1934;59:347-79]



Cotransport NCC
(Gitelman’s syndrome)

Kinases WNK1, WNK4

a-adducin \ Gordon' 4
Angiotensinogen (essential hypertension) \ (Gordon’s syndrome)
(essential hypertension) \ J
NG \ \\ Vd Aldosterone synthase/11B-hydroxylase
) Na \ p, i (glucocorticoid-remediable aldosteronism)
Angiotensin Il receptor 1 ) /
%, K . Aldosterone synthase
Y ¥
Aldosterone 11B-hydroxylase
/ _~ 17o-hydroxylase
" (adrenal hyperplasia)

- Deoxycorticosterone

: . Mineralocorticoid receptor
7 \ (progesterone sensitivity)

Cortisol

I 11B-hydroxysteroid dehydrogenase 2

L

3 Na ‘ (apparent mineralocorticoid excess)
Corﬁsone
Y ENaC B, v
(Liddle’s syndrome)
ENaC o, B, y
; LJL (pseudohypoaldosteronism 1)
Urine

Cotransport NKCC2
(Bartter’s syndrome)

Chloride channel CIC-Kb Potassium channel ROMK
(Bartter's syndrome) (Bartter’s syndrome)

Les rares formes mendeliennes d’anomalies tensionnelles
sont quasiment toutes liees a la balance sodee



Box B y "
Low-frequency variants Box D
preventing hypertension Common variant with high
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Genetics of hypertension: spectrum of allele frequency and effect size - Rossier 2017



La mosaique des mécanismes impliqués
Chemical . Vé .
A e dans I’"hypertension artérielle
Neural Reactivity .
D’Irvine Page (1960) a une version
‘actualisée’ un demi-siecle plus tard
Elasticity Volume 3 vo:i::;:el-
it Vascular =
Viscosity jg
B Genetic

Hemodynamics

Humoral

Liddle Syndrome SCNN1g G
Environmental

Gite!mansyndromo SLC12A3

Endocrine

Endocrine

Neural

Harrison DG, et al. Circ Res 2021;128:

Adaptive

:847

Padmanabhan S, et al. Circ Res 2015;116:937



Une hypothese sur
les mécanismes de
développement de
I"hypertension
artérielle
‘essentielle’

Johnson RJ, et al.
Am J Physiol Renal Physiol 2015;308:F167-78
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Conceptual framework
of the relationships
between CVD risk
factors
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Maladie ou facteur de risque ? Définir I’'nypertension artérielle

L’hypertension arterielle a
I’échelle de la population



Les valeurs ‘anormales’ peuvent
étre definies par une approche

statistique (distribution dans la
population géenerale)

descriptive (suivi de cohorte) ou

pragmatique (demonstration
d'un bénefice thérapeutique)




Comment définir I'hypertension ?
14.0 - Distribution de la PAS

12.0 1

10.0 1

8.0 - hypo hyper > 160 mmHg
6.0 -

4.0 -
yA\

0.0 T l
80-90 101-110 121-130 141-150 161-170 181-190 201-210 221-230 241-250

data : the National Health and Nutrition Examination Survey NHANES 1988-94 (USA)



Distribution de la PAD

14.0 -
12.0 -

10.0 -

A0 hyper > 100 mmHg
6.0 -
4.0 -

2.0 1

0.0
20-30 40-50 60-70 80-90 100-110 120-130 140-150
30-40 50-60 70-80 90-100 110-120 130-140

mm Hg
data : the NHANES, National Health and Nutrition Examination Survey 1988-94 (USA)



PA systolique et diastolique moyenne (par age, ethnicite,
et sexe) (d’apres Burt et coll. NHANES)

Men Women
mmHg 150 Systolic mmHg 150 Systolic
blood pressure blood pressure
130 - 130 A -~
110 ~ 110 <
80 = eSS 80 =
- *
¥ Diastolic i Diastolic §
70 blood pressure 70 blood pressure
0 T T T T T 0 | | | | T
O O O .9 9 0 O O D O O 9O O N
Y 5 W S S A SV SO N B

7 / /

Age (years) Age (years)
- Non-Hispanic black

-== Non-Hispanic white
— Mexican American
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L'’enquéte de Framingham montre que |'élévation
tensionnelle comporte un risque

Coronaropathic Accidents Artériopathic
50 b— vasculaires oblitérante des Insuffisance
| 45 cérébraux membres inféreurs cardiaque

Taux ajusté a Vage ( */00) par 2 ans )

Risquc relanf 2.0 2.2 3.8 2.6"' 2.0 3 Feee 4.0 3.0
o4 ¢ o Q o g o "

B PAnormale M PA > 160/90 mmbig

Risque de survenue d'évenements cardio-vasculaires dans I'étude de Framingham en
fonction du niveau de pression artérielle (sujets agés de 35 a 64 ans - suivi 36 ans)



600

Risque absolu :
probabilite de
survenue d'un
evenement pendant
un intervalle de
temps défini, pour
un individu aux
caracteres définis

5001

=

Diastolic

Events /10 000/year
-

200¢

1001

70 80 90 100 W0 120 %0 160 10 200
Blood-pressure (mm Hg) A

1 L1

FHS -Tension artérielle et atteinte coronaire

Incidence annuelle sur 18 ans
TW Anderson. Lancet 1978;2:1139
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Cumulative incidence of cardiovascular
events in men without hypertension.
Framingham

High normal

130-139/85-89
n= 903

Normal

120-129/80-84
n= 1059

Optimal

<120/80
n= 1005

0 2 4 6 8 10 12

Time, vyear

14

Vasan et al. NEJM 2001;345:1291




Stroke mortality
(floating absolute risk and 95% CI)

Mortalitée vasculaire & pression arterielle
(risque relatif)
cérébrale coronarienne autre

Age at risk: A: Systolic blood pressure
256 - 7 Age at risk: 256 —
80-89 256 — 80-89
years vears Age at risk:
128 4 70-79 128 80-89
years 128 — 70-79 years
years
. 50-69 S 64 60-69 o 647
® years > % 70-79
years g 20 years
© ]
50-59 .8 32 i 50-59 55 32
years % = years E 5 60-69
g = o= years
EL 16+ 3L 167
a2 40-49 22
[e} > 0
a years 5Q 50-59
[S _ s 8 years
g ° 52
: :
f 4 — -~ 4 -
2 9
1 14
1 T T 1 T I I 1 T T T 1
120 140 160 180 120 140 160 180 120 140 160 180
Usual systolic blood Usual systolic blood Usual systolic blood
pressure (mm Hg) pressure (mm Hg) pressure (mm Hg)

L’élévation de la pression artérielle au-dela de 115/75 mmHg est associée a une
augmentation significative et progressive du risque de mortalité vasculaire

[ le risque double entre 120/80 et 140/90 ]
Prospective studies collaboration. Lancet 2002; 360: 1903



CHD hazard ratio

Relations entre PAS / PAD et risque coronarien

1.5 -

0.5 1
0 T T T T T
60 70 80 90 100 110

DBP (mm Hg)

Framingham Heart Study. Franklin et al. Circulation 1999;100:354



Un essai controlé démontrera que le traitement
antihypertenseur diminue la morbi-mortalité

+= 60 controéle
3o (placebo)
o & 50 P
NORTo
£ = 40 ;
% »

0w 30 ;
E % traitement
g .g 20 | (diurétiques,
3E 10 hydralazine)
o &
8 \% 0 +—— T T T T T T T T T .
g D 0 1 2 3 4 5
iCJ 3 années

Veterans Administration Cooperative Study Group on antihypertensive agents
JAMA 1970;213:1143-52



Jusqu’ou baisser la tension arterielle ?

160 - ) * _
Systolic 2160  |NC4 ; >160 ; JNC 8%
@ blood pressure JNC 3 (1988) : ESH-ESC ! (2014)
% 150- 1984 - 2003 . ®
£ (124) ; o . 2150
t e No systolic : ' 260 yr
&§ 1404 recommendation %
TE 2140  JNC6 JNC7 2140  ESH-ESC <60yr
<3 JNC5 (1997) (2003) ESH-ESC (2013) JNC 8*
£ 8 1307 (1993) (2007) (2014)
SE
® 120
o
o=
% 2
£ & 1104 Diastolic ESH-ESC
£ (2003)
: £ blood pressure e o =160
- = 1
5% 100 =105 JNC2
§.§ 100 JNC1 (1980) : © :
-g 90 295 JNC4 %
E: Jgg: (1988) 290  JNC6 JNC7 290  ESH-ESC JNC8*
(1354] JNC5  (1997) (2003) ESH-ESC  (2013) {2014)
80 (1993) (2007)
//
0 | I L T DL L L L L L L I O L L L L DL L L L I DL L L S L L L L L L L L L L L
Trial 1966] ]1970 1975 1985 1990] 1995 T 2000 ] 2005 T 2010 201%
VA1l VA2 HDFP SHEP Syst-Eur ALLHAT HYVET SPRINT
MRC
|
Australian Trial STOP HOT ALLHAT ACCORD HOPE-3

Lessons in uncertainty and humility. Clinical trials involving hypertension.

Pfeffer MA, McMurray JJV. N Engl J Med 2016; 375:1756-66



L’hypertension artérielle existe-t-elle ?

e |La pression artérielle est une variable biologique
distribuée selon une loi quasi normale

e Le diagnostic d’hypertension est basé sur un seuil
arbitraire

e |’atteinte cardiovasculaire et rénale attribuée a
I"hypertension artérielle est liée de facon
continue et linéaire au niveau tensionnel

e La moitié de cette atteinte survient pour des
niveaux tensionnels inférieur au seuil ‘commun’
définissant I’hypertension



Hiérarchie des types d’études
selon leurs capacités

d’infé rence causa |e ERC essais randomisés controlés
avec criteres ‘durs’
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Facteurs de
/"'e' .
/ confusion

v v

Variants ) , . $ ; ,
0—> Pression artérielle €«—> Atteinte rénale

génétiques

Staplin N, et al. Hypertension 2022;79:2671-81
Yu Z, et al. Kidney Int 2020;98:708-16
Haas ME, et al. Am J Hum Genet. 2018;103:461-73

Randomisation mendelienne

Trois présupposeés

1. pertinence

2. indépendance

3. exclusion restriction




Estimer la probabilité de survenue d’événements

Les scores de risque



Des signes cliniques ?

The ear-crease sign in
coronary artery disease

r T T
P = 0.0003

c
Q
>
uo.' 7 %ﬂ
=z 987 e No ELCs
B - ﬁ
2 i
= 04 fELE s
= )
© -
Q
S 0.2
= e 2 ELCs
0 2 4 6 8 10 12

Pasternac A, Sami M. Can Med Assoc J 1982:126:645 Years of Follow-up



Visible age-related signs and risk of ischemic

heart disease in the general population:
i . _.

Christoffersen M, et al. Circulation 2014;129:990



Fonctions de densités de probabilité d’un facteur de risque
parmi des sujets chez qui surviendra (ou non) I'événement

Groupe sans événement Groupe avec événement

Sensiblilité 13%

Faux positifs 5%

X, X, T

Valeur du facteur de risque

Ware JH. NEJM 2006;355:2615



Relative distributions of
risk factors in men who
subsequently died (or not)

of IHD or stroke

Gaussian distribution fitted to data
from a cohort of 22 000 men
followed prospectively for 10 years
(the BUPA study)

Wald NJ et al. BMJ 2003;326:1419

Did not die of IHD Died of IHD

5% Sensitivity
False positive

r T T T T T T =
2 3 4 5 6 7 8 9 10 1
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T T T T T T E—
40 50 60 70 80 90 100 110 120 130 140 150
Diastolic blood pressure (mm/Hg)
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13%

T - T
5 10 20 40
Homacysteine (wmol/l) (log scale)

Did not die of stroke Died of stroke

24%
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Risque cardiovasculaire absolu a 5 ans par PAS
a niveaux spécifies des autres facteurs de risque

5-year CVD risk per 100 people

50 —

45

40

35

30

25 —

20 —

15

10 —

Ref : femme

950 ans

non diabétique
non tabagique
PAS 110 mmHg
HDL 1.6 mmol/l

PAS incrémentée
de 10 mmHg de
110 a 180 mmHg

Reference TC=7 mmol/L

12%

Smoker

18%

HDL=1 mmol/L

24%

33%

44%

Male

Jackson R, et al. Lancet 2005;365:434



Population d’étude & événements

L’échantillonnage doit étre identifié et suffisant

e population générale : Framingham, ASSIGN,
SCORE (Systematic COronary Risk Evaluation)

 employés (males) de I'industrie : PROCAM
(Prospective Cardiovascular Munster)

e clientele de médecine générale : QRISK
Le critere final doit étre standardisé et pertinent

* (coronarien ou global)



Méthodes de modélisation

La dérivation de la fonction d’estimation la plus
utilisée est un modele de risque proportionnel,

e parameétrique (Weibull) ou

e semiparameétrique (Cox)

 de préférence a une régression logistique
Une validation externe est nécessaire

* généralement supérieure chez le femme et
moindre chez le sujet agé



Evaluation d’un score

Méthodologie de constitution

Performance de la fonction (validité int / ext)

e discrimination (sensibilité, spécificité, valeurs
prédictives/AUROC, Harrell’s C statistic)

 calibration (Hosmer-Lemeshow goodness of fit)

* classification
Inclusion des facteurs appropriés
‘Usabilité’ et ‘utilité (‘efficience mesurable’)



Improved Calibration of Framingham Function
in Chinese Cohort After Recalibration
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Quels éléments inclure ?

Age * et Sexe : non modifiables (sic)

Tabagisme
Cholestérolémie
Pression artérielle (quel marqueur ?)

HDL-C (ou autre marqueur lipidique), HbAlc, hsCRP,

atteinte d’un ‘organe-cible’ (de I’"hypertension), CAC
(ou autre marqueur d’athérosclérose), ...

* de fait plutdt un substitut de la durée d’exposition a tous les facteurs de risque



Evaluation pré-clinique de la maladie
cardiovasculaire

Quantification fonctionelle, mécanique, structurelle
par techniques d’imagerie non invasive

* artery intima-media thickness (IMT = EIM),
* pulse-wave velocity and analysis (PWV = VOP),

* brachial artery flow-mediated dilatation (FMD),

 |eft ventricular geometry (LVM = MVG),
e coronary artery calcification (CAC).



Stratégie vis-a-vis d’'une population asymptomatique a risque

Score de risque

Faible <6%

Intermédiaire : zone grise

Haut = 20%

v

Aﬂ

-

optionnel

Histoire familiale

Test athérosclérose

Diabete sucré ...

Reclassification

l

\4

Risque faible

Risque intermédiaire

Risque élevé

Sillesen H, Falk E. Lancet 2011




Reclassification With CIMT Added to Framingham Risk Score

Without events

Framingham Risk With CIMT
l I Total without events, No. (%)

<5% 5%-20% >20%
x 39162 (93.6) No change
2 0 =
Cé <h% 20271~ 867 - 1229 (2.9%) Up classification
% 5-20% 1115 - 17280 362 1430 (3.4%) Down classification
£
E >20% 315 < 1611
L
With events

Framingham Risk With CIMT
' ' Total with events, No. (%)

<5% 5%-20% >20%
- 3684 (91.9%) No change
2|
r <% 937 — 67 - 169 (4.2%) Up classification
% 5_20% E‘Q - 2410 ey 102 154 (3.8"3'{!] DOWH l.3|EiSS|flca’(IOl'l
£
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La microalbuminurie est
un predicteur du risque "
cardiovasculaire dans la
population generale tabac

100 A/C < 0.65 mg/mmol

99
98
97
96
95
94

93 tot-chol
92 T

91
90

PAS

A/C > 0.65 mg/mmol

Survie sans événement coronarien, %

0 1 2 3 4 5 6 7 8 9 10
Durée du suivi, années HDL-chol

d’aprés Borch-Johnsen et al. ATVB 1999;19:1992



Seuil d’albuminurie et impact du traitement

Event free survival

1,00 4
0,95 - L, - )
0,90 A i ST
0,35 + P=0008
0.30/‘/
// UAE < 50mg/24h, placebo
0109 | Fesxersxesssome UAE > 50mg/24h, placebo
—————— UAE < 50mg/24h, fosinopnl
— 1 4 UAE > 50mg/24h, fosinopnl
0,00 T Y r T
0 10 20 30 40
Follow-up (months)

Asselbergs et al. PREVEND-IT. Circulation 2004;110:2809



CT Scans : calcifications of the Left
Coronary Artery in asymptomatic men

Left anterior

descendi
F ateP

age 51, CACs 80 : 85° percentile age 81, CACs 1054 : 70° percentile

Bonow RO. NEJM 2009;361:990



Risk of major coronary events with increasing
Coronary-Artery Calcium score

4.0+
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()
> -
Ll
& 2.0-
c
o
= 1
O
S 1.0
(3]
E =
6722 initially asymptomatic 0.0 | . l I ; ;
healthy adults, followed for a 0 1-100 101-300 >300
median of 3.8 years - MESA CAC Score
No. of Events 8 25 24 32
No. at Risk 3409 1728 752 833
Hazard Ratio 1.00 3.89 7.08 6.84
(95% Cl) (1.72-8.79)  (3.05-16.47) (2.93-15.99)

Detrano RC, et al. Radiology 2005:236:477



Annual Event Rate

No. of Events in Persons  Events Per Year  Total No. of in CAC=0
Patients in ~ Mean Follow-Up With CAC=0 in CAC=0 Persons With  Patients, Per 100
Study™® Patient Type Full Study  Age,y  Duration, y Scores, n Patients, Mean CAC=0 People
Georgiou et al’ Emergency room 192 53 4.2 0 0 76 0
patients with chest
pain

Schenker et al® Referred for cardiac 606 61 1.4 11 7.7 213

evaluation
Rozanski et al® Mixed sample of 1,153 58.4 2.7 3 1.1 252 0.47

self-referred and
MD-referred
Greenland et a®  Asymptomatic with at 1,312 66 7.0 14 2.0 316 0.63
least 1 risk factor

Keelan et al' Coronary angiography 288 56 6.9 0 0 48 0

patients
Arad et al'' Asymptomatic 1,173 53 3.6 2 0.55 496 0.11
Raggi et al'? Asymptomatic 632 52 2.7 1 0.37 292 0.13
Wong et al' Asymptomatic 926 54 3.3 0 0 392 0
Arad et al"* Asymptomatic 4613 59 43 8 1.8 1504 0.12
Kondos et al'® Self-referred—mostly 5,635 51 3.1 5 1.6 1816 0.09

asymptomatic
Anand et al'® Asymptomatic type 2 510 53 3.0 1 0.33 274 0.12
diabetic patients

Taylor et al'” Asymptomatic 2000 43 3.0 2 0.67 1791 0.04
Church et al'® Preventive evaluation 10,746 54 3.5 7 2.0 5472 0.04

patients
Becker et al' Asymptomatic 1,726 58 3.3 0 0 367* 0

A\ 4

*12 patients with CAC=0 had coronary revascularization. Number includes only the patients with CAC=0 who had no interventions at all.

Greenland P, Bonow RO. Circulation2006;117:1627



Risk Communication In Whom to Use

Absolute CAC Score  Best predictor of absolute All patients
cardiovascular risk
CAC Score Predicts relative risk vs. age, sex, and Young patients (i.e. age <50)
Percentile race/ethnicity-matched peers Older patients (i.e. age >70)
Predicts lifetime risk trajectory

Potential

-
Family History Premature ASCVD

Adults < age 40
with major risk
factors or family
history of
premature CAD

CAC=0 CAC>0
Lifestyle Lifestyle
therapy and

L consider
consider statin
repeat

CAC in

Uses of CAC
Scoring

Diabetes mellitus, no additional risk factors

= = —
Primary LDL-C > 190 mg/dL Adults 76-80 years of age

Adults with DM age 40-
75 for risk stratification
in absence of additional
major risk factors or DM-
specific risk factors

Adults with
primary LDL-C 2
190 mg/dL in
absence of
extreme LDL-C
or additional
major risk factors

Adults age
76-80 when
doubt about
statin
initiation

10-Year risk <20%, No DM

Adults age 40-75

LDL-C 70-189 mg/dL

No diabetes

10 yr risk <20%

+ risk-enhancing factors,
statin decision uncertain

CAC=1-99 CAC2
Moderate 100
or high High
intensity intensity
statin statin

CAC=0
Moderate
intensity
statin

CAC>0
Favors high-
intensity
statin + add-
on LDL-C

CAC=0
Favors high
intensity
statin

CAC=0-10

Favors >100
statin Favors
avoidance statin

5-7
years

<5% risk and
family
history of
premature
ASCVD

CAC=0
Lifestyle
therapy consider
and statin

CAC>0

consider
repeat
CACin
5-7
years

Lifestyle and

5-19.9% 10-
year risk J theraov
CAC=0

No DM, no smoking,

no family history

premature ASCVD l

history Favars high-intensity statin and

if needed, add-on LDL-C{,
therapy, ASA 81 mg daily f not

Favors statin,
ASA 81 mg
daily if not at
high risk for

Age >55
years favors
statin and
consider
repeatin 3-
5 years

at high bleeding risk and if
needed, intensive drug therapy
for 1°BP

Defer statin
and repeat
in 3-5 years

bleeding,
and, if
needed drug
therapy

for 7°BP

Journal of Clinical Lipidology 2020



Avoidable events by baseline risk and
extent of blood pressure lowering
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Cardiovascular even
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5-year risk of CVD (%)

after BPLTTC. Lancet 2014;384:591-8



Absolute RR by BP-lowering treatment (standardized to
10/5mmHg SBP/DBP) & residual risk in trials stratified
by increased level of CV risk in the control group

5 -year risk (per 1000 patients)

170 -
150 -
130 -
110 -

70 -
50 -
30 4
10 A

Stroke CHD HF
P for trend (risk reduction) < 0.001 0.09 < 0.001
P for trend (residual risk) < (0.001 0.09 < 0.001

LMR HR VHR VVHR LMR HR VHR VVHR LMR HR VHR VVHR

Absolute risk reduction

. Absolute residual risk

Thomopoulos C, et al. J Hypertens 2014;32:000



Hazard Ratio

354
[} ’ [}
Quid d’autres cibles ? 3.0-
2 2.5-
[as]
— = at age 60
Association entre PAS et & Bla )
V4 Y H -r___,.-""
démence ultérieure £ 15- JR—_ -
1.0 -;:_’_: —
2 at age 50 o S M
3.0- f ' ' .
' 3.5
2.5
3.0
2.0 % 5
1.5+ v
= 5 at age 70
1.0 g
' £ .
0.5- T s A
I [ I I I I I =
100 110 120 130 140 150 160 v‘:‘?::“*—
Systolic blood pressure at Age 50 0.5+ T i L o e i S S e

I I I I I
100 110 120 130 140 150 160
Systolic blood pressure

Cohorte Whitehall Il, n=8639 (1/3 F)

Abell JG, et al. Eur Heart J 2018;39:3119



The epidemiology of vascular dementia: nosology in a time of epiomics

FrankJ. Wolters and M. Arfan Ikram, Erasmus Medical Centre Rotterdam

COGNITIVE IMPAIRMENT WITH A VASCULAR CONTRIBUTION

| e —— ces
‘ / 50\3\3‘ °
r pathology ‘
: <
R\
;\o‘*‘)‘

45
40

35

30

25

20

15

2 i
: O

Cortical Lacunar Microbleeds
infarcts infarcts

m60-69y M>80y

cause

/in for

wv

Like any other pathology, vascular disease is rarely as a cause on its own,

Share of dementia due to a single

Age — calling for appropriate attribution of for example ‘a cortical infarct along
with factor X and Y’ in the origin of dementia in an individual patient.

G
&

The increasing prevalence of various pathologies with age ensures that
in most patients, dementia in due to various contributing pathologies. KEY TO PREVENTION

LARGE-SCALE OMICS DATA TO FURTHER IMPROVE CLINICAL PHENOTYPING modifiable risk factors

0

account for 25% of dementia

stroke increases dementia
risk about 2-fold

Q
%0

Genetic make-up Blood-basedsignature Brainimaging Brain pathology

Wolters FJ, Arteriosclerosis, Thrombosis, and Vascular Biology 2019;39:1542-9, doi:10.1161/ATVBAHA.119.311908



Vieillissement ou sénescence

Telomere DNA
Erosion damage

Epigenetic factors

Mitochondrial
dysfunction

@5

Proteostatic Nutrient signaling
dysfunction Senescence dysfunction

Stem cell

Chronic
exhaustion

Inflammation

McHugh D, Gil J. JCB 2017;217:65



Une synthese des données

Repréesentation et
communication du risque



A votre avis, quelles sont les causes, les facteurs de risque des maladies cardiovasculaires ?

Tabagisme I 57 %o
Alimentation I 527%

Alcool
entarité/ manque d’exercice physique
Stress
Hérédité / antécédents
Cholestérol / excés de cholestérol
esité / surcharge pondérale / surpoids
Hypertension artérielle
Pollution
Diabéte
Mauvaise hygiéne de vie
Age / vieillesse
Conditions de travail
Fatigue
Drogues
Probléme cardiaque
Médicaments/ cachets
Aucune
NSP

I 387
E— 337
I 22%:
— 16%
E— 157%
—14%

_ 60/0

—57%

— 5%

= 5%

L—14%

. 4%

- 2%

e 10% des 18 -

u1% 24 ans
m1%

1%
5%

29% des 50 -
64 ans

n=2008



Homme Femme

Risque Fumeur Non-fumeur Fumeuse Non-fumeuse
: 180
coronailre 160
O) 140
absolu :E: 120
a10ans FE s
o 160
S 140
moao%r 2w
B 20-40% "i 180
B 1020% g 1a0
N 5-10% g
9 180
B <5% 5 160
c 140
* majore si '% 120
.diabete sucre (x2) & 180
histoire familiale g 460

.anomalie lipidique 140
(HDL<1et/ou TG>2mmol/l) 120

Cholesterol mmol/l 45678 4567

1 1 1 1 1 |
mg/dl 150 200 250 300 150 200 250 300 150 200 250 300 150 200 250 300




SCORE2

risk prediction algorithms

1. Model development

Sex-specific, competing risk-
adjusted risk models derived in 45
prospective cohorts in 13 countries

(~680,000 individuals, and
~30,000 CVD events)

l

Recalibration to four risk regions in
Europe using age-, sex-, and region-
specific risk factor values and CVD
incidence rates (derived using data
on ~10.8 million individuals)

.

2. Model validation

External validation in 25 prospective
cohorts in 15 European countries
(~1.1 million individuals, and
~43,000 CVD events)

l

C-indices ranged from 0.67 (95%
confidence interval [CI] 0.65-0.68)
to 0.81 (95% Cl 0.76-0.86)

SCORE?2 risk prediction algorithms key features
,(:f Sex-specific risk prediction models

Estimate 10-year risk of fatal and non-fatal CVD

Calibrated to the most contemporary and representative CVD rates

= = . - . .

i sii Available for four distinct European risk regions
%, Can be rapidly updated to reflect future CVD incidence and risk
$ 2 factor profiles
‘ Individual example ‘
Patient risk factors:
50 years old
Smoker
SBP: 140 mmHg
Cholesterol: 5.5 mmol/L
HDL-c: 1.3 mmol/L

| } 10|-year risk Idepending oln risk regilon | |
Low Moderate High Veryhigh Low Moderate High Veryhigh
risk risk risk risk risk risk risk risk
4.2% 5.1% 6.9% 13.7% 5.9% 7.5% 8.1% 14.0%

European Heart Journal 2021;42:2439-2454



Risk regions based on standardised cardiovascular disease
mortality rates -

Risk regions

B Low risk
Moderate risk

[ High risk

[l Very high risk

-~

European Heart Journal (2021) 42, 2439-2454



SCORE2 _ <50 years 50-69 years
10-year risk of (fatal and non-fatal) <2.5% <5%

CV events in populations at 25t0 <7.5% 5to <10%
low CVD risk >7.5% >10%

[ ‘Women | | Men

[ Non-smoking | | Smoking | Age | _ Nonsmoking || Smoking

160-179
140-159
120-139
100-119
160-179
140-159
120-139
100-119
160-179
140-159
120-139
100-119
160-179
140-159
120-139
100-119
160-179
140-159
120-139
100-119
160-179
140-159
120-139
100-119

65 - 69

60 - 64

55-59

50-54

Systolic blood pressure (mm Hg)

45 -49

40-44

3.0- 4.0- 5.0- 6.0- 3.0- 4.0- 50- 6.0-
39 49 59 69 39 49 59 6.9 39 49 59 69 39 49 59 6.9

3.0- 4.0- 5.0- 6.0- 3.0- 4.0- 5.0- 6.0-

Non-HDL cholesterol (mmol/L) IS(IJ 20(|) zslo

European Heart Journal 2021;42:2439-2454 gl



SCORE2-0P: estimating incident cardiovascular event risk in older persons in four geographical risk regions

1. Model derivation

Competing risk-adjusted, sex-specific
coefficients were derived in ~28,500
participants from the prospective
CONOR study

l

2. Model recalibration

The model was recalibrated to four
geographical risk regions using
contemporary region-specific CVD
event rates and risk factor levels

l

3. External validation

The model was exernally validated in
~340,000 individuals from different
risk regions

l

4. Individualized predictions

An individual’s risk factor levels can be
applied to the two-dimensional
SCORE2-OP charts or to an online
calculator to estimate their 5- and
10-year CVD event risk according to
their risk region of origin

b 8

Risk regions
B Low risk
Moderate risk
: [ High risk

[l Very high risk

Individual example ‘

Patient risk factors
75 years old
Smoker
No diabetes
SBP: 140 mmHg
Cholesterol: 4.5 mmol/L
HDL-c: 1.4 mmol/L
[ % 10;year risk cliepending or|1 risk regioln: % l
Low Moderate High Veryhigh Low Moderate High Veryhigh
risk risk risk risk risk risk risk risk

14% 18% 28% 44% 16% 21% 24% 37%

European Heart Journal 2021;42:2439-2454



SCORE2-OP

270 years
10-year risk of CV events in older persons in ; Si;-i":s%
populations at low CVD risk * 150

Women

Non-smoking Smoking Age Non-smoking Smoking

13 14

160-179
140-159
120-139
100-119
160-179
140-159
120-139
100-119
160-179
140-159
120-139
100-119
160-179
140-159
120-139

85-89

80-84

75-79

Systolic blood pressure (mm Hg)

70-74 12 14

11 12 13 14 10 11 12 13

100-119 | 6 6 6 7 || 9 10 10 11 8 8 9 10
3.0- 4.0- 5.0- 6.0- 3.0- 4.0- 5.0- 6.0- 3.0- 4.0- 5.0- 6.0- 3.0- 4.0- 5.0- 6.0-
39 49 59 6.9 39 49 59 6.9 39 49 59 6.9 39 49 59 6.9

Non-HDL cholesterol (mmol/L) 1._;0 20'0 2;0
mg/dL

European Heart Journal 2021;42:2455-2467



QRISK model to estimate lifetime risk of
cardiovascular disease
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Cardiovascular risk (%)
S

40 45 5[} 55 60 65 T[} '.-"5 80 85 90 95
Your age in years

Hippisley-Cox J, et al. BMJ 2010; 341:c6624



Women

Comparaison de Ia & 50th centile for 10 year risk

distribution du risque
cardiovasculaire vie
entiere versus 10 ans
sur la base de
QRISK2 (2010)

= = = 50th centile for lifetime risk

40

Cardiovascular risk (%)

Cardiovascular risk (%)

30 35 40 45 50 55 60 65 70 75 80 85

Hippisley-Cox J et al. BMJ 2010;341:bmj.c6624 Age (years)



indicateurs du bénéfice attendu

d’'une intervention

Risque Absolu RA

Risque Relatif RR = [RA/RA, ]
Reduction Relative du risque RRR =[1-RR]
Réduction Absolue du risque RAR =[RA, i —RA]

Nombre de sujets a traiter NST = [1/RAR]
ou [1/ (RAXRRR)]




Le langage de lI'individu ou du groupe

Homme 74 ans, 175/85 mmHg, sous antidiabétiques oraux
SHEP

Taux d’évents des pts RR RRR  RRA NST
controles / traités

% % % % % 5ans
Mort. totale 10.2 9.0 0.88 12 1.2 83
Mort. CV 4.7 3.8 0.81 19 0.9 111
Mort. ictus 0.59 0.42 0.71 29 0.17 588
Tous ictus 6.9 4.5 0.65 35 24 42
Tous events CV 17.5 12.2 0.70 30 5.3 19

La connaissance du risque ou le risque de connaitre



Epidemiology

General Cardiovascular Risk Profile for Use in Primary Care
The Framingham Heart Study

Ralph B. D’ Agostino, Sr. PhD: Ramachandran S. Vasan, MD: Michael 1. Pencina, PhD;
Philip A. Wolf, MD; Mark Cobain, PhD; Joseph M. Massaro, PhD: William B. Kannel, MD

Background—Scparate multivariable risk algonthms are commonly used to assess risk of specific atherosclerotic
cardiovascular discase (CVD) events. 1e, coronary heant discase, cerebrovascular disease. peripheral vascular discase,
and hean failure. The present report presents a single multivariable nsk function that predicts risk of developing all CVD
and of 1ts constituents.

Methoeds and Results—W e used Cox proportional-hazards regression to evaluate the risk of developing a first CVD event
in 8491 Framingham study participants (mean age, 49 years: 4522 women) who attended a routine examination between
30 and 74 years of age and were free of CVD. Sex-specific multivariable nsk functions (“general CVD™ algonthms)
were derived that incorporated age. total and high-density lipoprotein cholesterol. systolic blood pressure, treatment for
hypentension. smoking. and diabetes status. We assessed the peformance of the general CVD algonthms for predicting
individual CVD events (coronary heart discase. stroke, peripheral artery disease, or hean failure). Over 12 years of
follow-up, 1174 participants (456 women) developed a first CVD event. All traditional nsk factors evaluated predicted
CVD nsk (multivariable-adjusted P<0.0001). The general CVD algorithm demonstrated good discrimination (C
statistic, 0.763 [men] and 0.793 [women]) and calibration, Simple adjustments to the general CVD nsk algorithms
allowed estimation of the nsks of each CVD component. Two simple risk scores are presented. | based on all traditional
nsk factors and the other based on non—laboratory-based predictors.

Conclustons—A sex-specific multivanable risk factor algorithm can be conveniently used to assess general CVD risk and
nsk of individual CVD events (coronary, cercbrovascular, and peripheral anerial disease and heart failure). The
estimated absolute CVD event rates can be used to quantify risk and to guide preventive care. (Circulation. 2008:117:
743-753.)

Key Words: cardiovascular discases ® coronary discase ® heart fallure ® nsk factors ® stroke



A man is as old
as his arteries

Thomas Sydenham 1624-1689



Langage ‘meédecin’ Langage ‘patient’

" . S y (A =)
% de risque a 10 ans age vasculaire
Table 8. CVD Risk for Men Table 10. Heart Age/Vascular Age for Men
Points Risk, % Points Heart Age, y

=-3 orless <1 <0 <30
-2 11 0 30
-1 14 i 22
0 1.6 2 4
1 19 3 6
2 2.3 s %
3 28 § 0
4 3.3 6 -
5 39 ; i
6 4.7 8 48
7 56 0 59
8 6.7 10 54
° 14 T 57
10 04 12 60
b 1.2 13 64
12 13.2 14 68
13 156 15 72
14 18.4 16 76
. i =17 =80

16 25.3

17 204

18+ =30

D’Agostino R et al. Circulation 2008;117:743



Estimez Iage de vos artéres

L’é ge d e S a rté re s Pour chague gueston, trouwvez le nombre de poinis correspondant & votre sexe et

a votre situation. Le 1otal des points vous permet de calculer votre 8ge vasculaire

1. Quel age avez-vous ? 5. Quel est votre taux de cholestérol
po u r to u S Femme Homme total en g/l ?
30-34 0 0 Femme Homme O
35 - 39 2 2 <160 0 0 D
40 - 44 4 5 1,60 - 199 1 1 O
45 - 49 5 6 2,00 - 2,39 3 2 =
50 - 54 7 8 240 - 279 4 3 *
55 -59 8 10 280 et + 5 = —:
60 - 64 9 1 o
65 - 69 10 12 6. Quel est votre taux de HDL «Q
70-74 1 14 cholestérol en g/l ? o
75 et + 12 15 Femme Homme 8 o
E OBet+ -2 -2 : )
2. Etes-vous fumeur ? 050 - 0,59 1 1 D <
Femme Homme 045 - 0,49 0 0 : o
Non 0 0 035 - 044 1 1 : ad
Oui 3 4 <035 2 2 B -
- O . L
3. Etes-vous diabétique ? Votre total de points est : E 1/
Femme Homme - — - (-l;
Non 0 0 Estimez l'age de vos artéres c w
Oui 4 3 en reportant le total de vos points w
4. Quelle est votre pression systolique ? ;‘gﬁ‘ges Femme Homme : =
{La prass ast cafine par 2 ch "
G & A o <0 <30 ans <30 ans £ z
1 31 ans 32 ans g 2
) ) 2 34 ans 34 ans : ,,i
Si vous étes non traité par des 3 36 ans 36 ans o0
médicaments pour I'hypertension 4 39 ans 38 ans o
Femme Homme 5 42 ans 40 ans 3
<120 -3 =2 6 45 ans 42 ans | —
120 - 128 0 0 7 48 ans 45 ans g @
130 - 138 1 1 8 5t ans 48 ans - -
140 - 149 2 2 9 55 ans 51ans ;
150 - 159 4 2 10 589 ans 54 ans H
160 et + 5 3 1 64 ans 57 ans o
12 68 ans 60 ans & Q
Si vous étes traité par des meédicaments 13 73 ans 64 ans [
pour I'hypertension 14 79 ans 68 ans :
Femme Homme 1S5et+ >80 ans
<120 A1 0 15 72 ans
120 - 128 2 2 16 76 ans
130 - 139 3 3 7et+ >80 ans i
or e s e Votre age réel : ans
S0=¥0 g 41 Votre dge vasculaire estimeé : ans
60 et + 7 5 -




La stratégie des actions de prévention

Gerer le risque



A Global attributable deaths from Level 2 risk factors for females in 2019

High systolic blood | i i i
oo | Global burden of 87 risk factors in 204 countries and
Dietary risks | {1 I . . .
Highfatingplasmagiucse | territories, 1990-2019: a systematic analysis for the Global
Airpollution | 500 I Burden of Disease Study 2019
High body-mass index | S [
ghbory | GBD 2019 Risk Factors Collaborators*
Tobaceo | {17 I
High LDL cholesterol | {— Lancet 2020;396:1223-49
Kidney dysfunction |
Child and maternal malnutrition _ = Cardiovascular diseases
- Chronic respiratory diseases
Non-optimal temperature i '_ [ Diabetes and kidney diseases
Unsafe water, sanitation, and handwashing | i [ = g'gm‘;ef‘:'am
[ nteric infections
Unsafe sex ! [ HIV/AIDS and sexually transmitted infections
. q Bl Maternal and neonatal disorders
Low ph | activi i
physiea L4 - :— Bl Musculoskeletal disorders
Alcoholuse | {1 Il [ Neoplasms
X " Neurological
Other environmental risks ) :- = szjﬁzjﬁ':erdn:;
Occupational risks 'L. Il Other infectious diseases
Low bone mineral density - Il Other non-communicable diseases

Respiratory infections and tuberculosis
I Self-harm and interpersonal violence
[ Substance use disorders
Transport injuries
I Unintentional injuries
T T T T T T T T T T T T 1

1
-

Drug use
Intimate partner violence
Childhood sexual abuse and bullying

B Global attributable deaths from Level 2 risk factors for males in 2019

Tobacco

High systolic blood pressure

Dietary risks | {1
Airpoliotion | I I
Highfasting plasmaglocose | T
High body-mass index | I [
High LDL cholesterol | {II
Alcoholuse | 1 Il I
Kidney dysfunction | [
Child and matemal malnutrition | _
Non-optimal temperature— _
Occupational visks | -7-
Unsafe water, sanitation, and handwashing | _
Other environmental risks | :_
Low physical a(tivity— :-
Drug use | i N |
Unsafessex | E
Low bone mineraldensity— -
Childhood sexual abuse and bulling | |
Intimate partner violence ) ‘
(I) S(I)O 10‘00 15‘00 20’00 25'00 30'00 35’00 40'00 45'00 SO‘OO SSIOO 60‘00 65'00

Number of deaths (in 1000s)



Top five causes of global DALYs

1990 2010

1 Lower respiratory infections | 1 Ischaemic heart disease

2 Diarrhoea 2 Lower respiratory infections

3 Preterm birth complications 3 Stroke

4 Ischaemic heart disease 4 Diarrhoea

5 Stroke 5 HIV/AIDS

[1 Communicable, maternal, neonatal, and nutritional disorders
[] Non-communicable diseases

Leading five risk factors for poor health

1990 2010
1 Childhood underweight

1 High blood pressure

2 Household air pollution from solid fuels 2 Tobacco smoking, excluding second-hand smoke

3 Tobacco smoking, excluding second-hand smoke 3 Alcohol use

4 High blood pressure 4 Household air pollution from solid fuels

5 Suboptimal breastfeeding 5 Diet low in fruits

—— Ascending order in rank

---- Descending order in rank
Watts C, Cairncross S, et al, Lancet 2012;380:2060



Age- and sex-standardized prevalence of hypertension in
adults 20 years and older

2010

2000

Hypertension Prevalence

] <20%

[ ] 20-<25%
0 25-<30%
Bl 30 -<35%
B 35 - <40%
B 40 - <45% X
Bl =45% Mills KT, et al. Circulation 2016;134:441-450



Evolution des taux de déces
1980-2004, France meétropolitaine, deux sexes

Taux/100 000
25 A3 — \aladies cardiovasculaires
450 4 ~_ e TUMELIS
A4 2 TSN, =eeee Morts violentes
— o e Maladies respiratoires
330 — Maladies digestives
300 4 __.
256,6
250 - 2275
200 - 2144
1501
100 { ==mmm———— 4]
%——'—--‘~s_____———-__:::::::::-—-—-— S S S e e 244
50 4 734 SSSITITSII=IT 438
0 12,2 3,7
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Bulletin
Qs - 7 épidémiologique
* Taux de déces standardisés pour 100 000 BEH hzbdomadfirz

Septembre 2007



Prévalence de I’hypertension en France - ESTEBAN
%

100 —+-- ———
80 +-- -—-
60 +-- SEE
40 +-- -—-
20 4 -- R

0
Hommes Hommes Femmes Femmes
2006 2015 2006 2015
I HTA non traitéee I HTA traitée non controlée

B HTA traitée controlée ENNS 2006 et ESTEBAN 2015

Perrine AL & al. Bull. Epidémiol. Hebd. 2018;10:170-9



Prévalence de I’hypertension en France - FLASHS

FLAHS — (@4
2014 -
2017

Prise d'un médicament pour I'hypertension artérielle en 2014 et 2017
Analyse selon le sexe, I'age dans les études FLAHS

m2014
_— 58% 579,
En 2017 en France métropolitaine, le 57% 2017
nombre estimé de sujets traités par au 49% 4g9,
moins un antihypertenseur est de 10,8
- 40% n g0
millions 38%
30% g,
18%17%
5% 5%
Total 35-44 ans 45-54 ans 55-64 ans 65-79ans 80anset+
Effectifs 2014 3562 900 907 676 576 503
Effectifs 2017 4783 1227 1228 902 763 663

Q1 : Actuellement, prenez-vous un médicament pour traiter I'hypertension artérielle ?

Enquéte FLAHS 2014- French League Against Hypertension Survey
Enquéte FLAHS 2017- French League Against Hypertension Survey

www.comitehta.org



Prévalence de I’hypertension en France - FLASHS

FLAHS

w7 Traitement de 'HTA, du diabéte, de la dyslipidémie
chez les 35 ans et plus

En 2017 : 13,7 millions de sujets traités pour au moins un des 3 pathologies

///"_‘\\\\
// N
Y
HTA ’/ \
14,2% | 7.6% )
\\. 31% /
. \ o,
Sains % 3%\\@-//""
65%
HTA : 27,9 % 10,823 millions [9,9-11,8]
Dyslipidémie : 16,6 % 6,439 millions [5,4-7,5]
Diabete : 8,5 % 3,297 millions [3,2-3,4]

Q1 : Actuellement, prenez-vous un médicament pour traiter I'hypertension artérielle?
Q6 : Actuellement, prenez-vous un médicament pour traiter le cholestérol?
Q7 : Actuellement, prenez-vous un médicament pour traiter le diabéte?
www.comitehta.org )
Ensemble des individus agés de 35 ans et plus (n=4783)



Disparités régionales de la mortalité

cardiovasculaire prématurée
France (2008-2010)

Cardiopathies ischémiques
Gabet A, et al. BEH 2014:26:430-8
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Comparaison des approches thérapeutiques et préventives
(monothérapie antihypertensive vs réduction de I'apport sodé de 9 a 6 g/j)

Diastolic blood pressure (mm Hg) (approximate systolic equivalent)

Mortality from ischaemic heart disease (relative to median risk)

49‘“ of treating high blood pressure Effect of universal salt reduction

67 3 6~
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5+ 5-
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Law MR, et al. BMJ 1991;302:811-24
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Campagne de réduction sodée :
I'exemple finlandais 05

Pekka P, et al. Public Health Nutr 2002;5:245-51

€ \Women
H Men

~
(%]

Diastolic blood pressure,
mm Hg
(00) 0 Ve
o Ul o
I I I

! I ! ! I ! !
1972 1977 1982 1987 1992 1997 2002

14 150

¢ \Women
m Men

©
I

Salt intake, g/d
= N
I I
Stroke mortality,
deaths/100 000 people
U o
o o
| |

o

6
I I I ! | I | I I ! ! | I I
1972 1977 1982 1987 1992 1997 2002 1972 1977 1982 1987 1992 1997 2002



M

pilogue ?

-------------------- DEUS EX

MACHINA




LU'ere des ‘~-omiques’

exemple de I'analyse du microbiome intestinal humain

Composition

Biomarker profiling
Microbiota composition

Based on: DNA

Platform: NGS

Pros: Cost-effective; semi-quantitative
Cons: Lacks functional information

Productivity

Metagenomics
Microbiome functional gene capacity

Based on: DNA

Platform: NGS

Pros: Strain-level resolution

Cons: Expensive; computationally
intensive

Metabolomics ]
Metabolic productivity '\~

Based on: Metabolites “%_é,x

Platform: LC/GC - MS

Pros: Semi-quantitative, targeted or
untargeted

Cons: Origin of metabolite unclear

NGS, next-generation sequencing

Function

Metatranscriptomics
Microbial functional gene expression

Based on: RNA

Platform: NGS

Pros: Host and microbial gene transcripts

Cons: Samples require RNA preservation;
host genes may predominate signal

Metaproteomics
Protein expression

Based on: Proteins

Platform: LC/GC-MS

Pros: Semi-quantitative

Cons: Origin of proteins unclear

LC/GC-MS, liquid/gas chromatography-mass spectrometry

Durack J, Lynch SV. J Exp Med 2019;216:20-40




L'ere des réseaux

Barabasi, Albert-Lasz|6.
Network medicine-
From obesity to the
“diseasome”.

N Engl J Med
2007;357;404-7

Christakis NA, Fowler JH.

The spread of obesity in
a large social network
over 32 years.

N Engl J Med
2007;357:370-9

Network

[] Social links
B Family ties
B Physical proximity

' B Metabolic

network

] Protein-protein
interactions

B Regulatory
network




A Spectrum from Philosophy to Math to Engineering
Philosophy Math Engineering

- "How can we infer causal
relations from observations?”

p(X =x) =[] pX, = x,|PA, = pa,)
/

Aristote pose que le raisonnement inductif
infére d’'une série d'observations particulieres
une affirmation générale (de cause a effet).
Sextus Empiricus, David Hume questionnent
la validité de la connaissance ainsi basée
Judea Pearl pose que l'intelligence artificielle
permet une approche déductive de lI'inférence
causale via la contrafactualité (Pearl J. J
Causal Infer 2014;2:115-29)




Experiments

« Cell-lines

Hospital Data

+ Family history

« Disease data
» Trait data

« Animal models
» Clinical trials

+ Weather
« Air quality
+ Census data

« Expert opinion
« Literature mining
* Public repositories

» Genomics
» Proteomics
*» Microbiomics

» Social media
+ Phone apps
+ Wearables

Environment

Cardiologie de précision via
I'apprentissage machine

Patients Feature Elements

Machine Learning @

Johnson KW, et al.
J Am Coll Cardiol Basic Trans Science 2017;2:311-27

Sy @ g‘
VA ' M- e $
Lty

Disease-Patient
Stratification Networks

Precision Cardiology




The next frontier

Llpldomlcs
==ll==] Genomics metabolomics, Imaging : - AR

| \

Big data proteomlcs W earable
/ technologies

AI Integratlon

versus

Risk stratification Precision risk stratification

Eur Heart J 2021;42:2468-71.doi.org/10.1093/eurheartj/ehab310



Plutarque : I'opinion est 'ombre de la verité

Pierre Soulages 1989



