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Global Epidemiology
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Ongoing issues
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• Tobacco use remains a major public health problem and is no 
longer declining

• Smoking in women

• Fruit and vegetable consumption is increasing, but fat 
consumption is stable

• Not enough exercise performed

• Obesity remains far too prevalent

• Diabetes is becoming a pandemic, increasing by ~50% in some 
countries



Cardiovascular Disease Statistics
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Atlas Européen
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Mortality



Early mortality (<70 years)



Cardiovascular mortality and Income
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Risk factors for atherothrombosis
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Prevalence of obesity is increasing

Women:
32 %
Men:
19 %



InterHeart case-control study

Very important case-control study of Risk Factors for acute 
myocardial infarction, carried out in 52 countries, 5 continents, 
15,152 cases and 14,820 controls.

Results: 9 factors predict 90% of acute myocardial infarctions in 
men and 94% in women:

-6 risk factors (dyslipidemia with increased apoB/apoA1, smoking, 
high blood pressure, diabetes, abdominal obesity and psychosocial 
stress)

-3 protective factors (daily consumption of fruits and vegetables, 
regular alcohol consumption, regular physical exercise).

the INTERHEART case-control study. Lancet, 2004, 364, 937-952



InterHeart

Universally true in all parts of the world, for all ages and both sexes



Synergistic effects of risk factors

The Interheart Study



Chobanian, A. V. et al. Hypertension 2003;42:1206-1252

Coronary artery disease (CHD) mortality for each decade
of age as a function of BP at the beginning of the decade



Hypertension is
the major risk factor for CVD

Lancet 2012;380:2224-2260

✓ Stroke (× 7) 

✓ Heart failure (× 4) 

✓ Coronary insufficiency (× 3) 

✓ Arterial disease of the lower 
extremities (× 2)

Compared to the normotensive 
population, hypertension multiplies 
the relative risk of cardiovascular 
events:



Hypertension is a risk factor

A variable is a risk factor if it is present before the outcome is 
observed and if it is significantly associated with the outcome

Key elements of a risk factor:
(1) the risk factor precedes the outcome in time; 
(2) a person WITH a risk factor has a higher risk compared to a 
randomly selected person from the population
(3) the relationship between a risk factor and an outcome is 
probabilistic, not deterministic.

There is an ongoing relationship between systolic AND diastolic BP 
and the risk of cardiovascular complications



InterHeart Study

- a clinical element whose presence statistically increases CV morbidity and 
mortality.

the INTERHEART case-control study. Lancet, 2004, 364, 937-952

Smoking and Dyslipidemia are also clear RF



Prevention of Cardiovascular Diseases

Cardiovascular diseases

Age

Genetic factors

Hormonal factors

Diabetes

Tobacco

Obesity

Sedentary lifestyle

AHT

Dyslipidemia
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PREVENTION = All actions carried out at the public or individual 
level aimed at eradicating, eliminating or minimizing the impact of 
Cardiovascular Diseases (CVD)



Important benefit of taking care of risk factors

• >50% of the observed reduction in mortality

• ~40% related to therapeutic progress



Air pollution

European Heart Journal (2015) 36, 83–93 doi:10.1093/eurheartj/ehu458



Air pollution

✓ The main pollutants:

• Gaseous pollutants:

Ozone, sulphur dioxide, nitrogen dioxide, carbon monoxide, benzene.

• Particulate matter+++: classified according to their diameters into:

1) Respirable particles (PM10): enter the bronchi (ᴓ < 10 μm)

2) Fine particulate matter (PM2.5): penetrate the cells (ᴓ < 2.5 μm)

3) Ultrafine particles (PM1): pass the alveola-capillary barrier (ᴓ < 1 μm)



Air pollution

• The Great Smog of London 1952

• 12000 deaths (3000-5000 cardiovascular deaths)



La pollution atmosphérique



Air pollution

100,000 people
11 European sites 
2000-2007
Follow-up 11.5 years

+10 μg/m³ PM10 = +13% coronary events
+5 μg/m³ PM2.5 = +12% coronary events



Air pollution

5660 people
2000-2005
Multiple cities in the USA

+2.5 μg/m³ PM2.5
=

+0.5 μm/year intima-media thickness



Air pollution

Meta-analysis of 35 studies



✓ Epidemiology:

• 3.1 million deaths in 2010*

• Ninth modifiable factor of cardiovascular risk (ahead of sedentary 
lifestyle, high-salt diet, isolated elevation of total cholesterol).

• 0.8% increase in short-term cardiovascular mortality**.

• 11% increase in long-term cardiovascular mortality***.

*A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990–2010: a systematic 
analysis for the Global Burden of Disease Study 2010. Lancet 2012;380:2224–2260)

***Hoek G, Krishnan RM, Beelen R, Peters A, Ostro B, Brunekreef B, Kaufman JD. Longterm air pollution exposure and cardio-respiratory mortality: a review. 
Environ Health 2013;12:43.

**Atkinson RW, Kang S, Anderson HR, Mills IC, Walton HA. Epidemiological time series studies of PM2.5 and daily mortality and hospital admissions: a systematic 
review and meta-analysis. Thorax 2014;69:660–665

Air pollution
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Recommendations Class
Policy interventions at the population level
Putting in place measures to reduce air pollution, including reducing PM emission and 

gaseous pollutants, reducing the use of fossil fuels, and limiting carbon dioxide 

emissions, are recommended to reduce CVD mortality and morbidity.

I

New recommendations (13)





www.escardio.org/guidelines

©
E

SC

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Prevention of CVD



Eur Heart J, Volume 42, Issue 25, 1 July 2021, Pages 2439–2454, https://doi.org/10.1093/eurheartj/ehab309

https://doi.org/10.1093/eurheartj/ehab309


Countries were grouped into four risk regions according to their most recently reported WHO age- and sex-
standardized overall CVD mortality rates per 100,000 population (ICD chapters 9, I00-I99). The four groupings were: 
low risk (<100 CVD deaths per 100,000), moderate risk (100 to <150 CVD deaths per 100,000), high risk (150 to <300 
CVD deaths per 100,000), and very high risk (≥300 CVD deaths per 100,000)
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Recommendations Class
Risk factors and clinical conditions
In apparently healthy people <70 years of age without established ASCVD, DM, CKD, 
genetic/rarer lipid or BP disorders, estimation of 10-year fatal and nonfatal CVD risk 
with SCORE2 is recommended.

I

In apparently healthy people ≥70 years of age without established ASCVD, DM, CKD, 
genetic/rarer lipid or BP disorder, estimation of 10-year fatal and nonfatal CVD risk 
with SCORE2-OP is recommended.

I

Patients with established ASCVD and/or DM and/or moderate-to-severe renal disease 
and/or genetic/rarer lipid or BP disorders are to be considered at high or very high 
CVD risk.

I

New recommendations (1)

ASCVD: Atherosclerotic Cardiovascular DiseaseDM: Diabète mellitus
CKD: Chronic Kidney Disease
BP: Blood Pressure
OP: Old Person



www.escardio.org/guidelines
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Prevention of CVD
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Recommendations Class
Risk factors and interventions at the individual level (continued)
In patients with established ASCVD, lipid-lowering treatment with an ultimate LDL-C 

goal of <1.4 mmol/L (55 mg/dL) and a ≥50% reduction of LDL-C vs. baseline is 

recommended.

I

For secondary prevention patients not achieving their goals on a maximum tolerated 

dose of a statin and ezetimibe, combination therapy including a PCSK9 inhibitor is 

recommended.

I

In patients with type 2 DM at very high risk (e.g. with established ASCVD and/or 

severe TOD), intensive lipid-lowering therapy, ultimately aiming at ≥50% LDL-C 

reduction and an LDL-C of <1.4 mmol/L (<55 mg/dL) is recommended.

I

In patients with type 2 DM >40 years of age at high risk, lipid-lowering treatment with 

an ultimate LDL-C goal of ≥50% LDL-C reduction and an LDL-C of <1.8 mmol/L (70 

mg/dL) is recommended.

I

New recommendations (6)

atherosclerotic cardiovascular disease (ASCVD)
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

<50 years 50-69 years ≥70 yearsa

Low-to-moderate CVD risk: 
risk factor treatment generally not recommended

<2.5% <5% <7.5%

High CVD risk: 
risk factor treatment should be considered

2.5 to <7.5% 5 to <10% 7.5 to <15%

Very high CVD risk:
risk factor treatment generally recommendeda ≥7.5% ≥10% ≥15%

Cardiovascular disease risk categories based on SCORE2 and SCORE2-OP 
in apparently healthy people according to age

www.escardio.org/guidelines
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Schematic representation of 
increasing 10-year CVD risk 
thresholds across age groups
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Lifetime CVD benefit from 
smoking cessation for 
apparently healthy 
persons (1)
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Lifetime CVD benefit from 
smoking cessation for 
apparently healthy 
persons (2)
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Recommendations Class
Risk factors and interventions at the individual level
It is recommended to reduce sedentary time to engage in at least light activity 

throughout the day to reduce all-cause and CV mortality and morbidity.
I

It is recommended to adopt a Mediterranean or similar diet to lower risk of CVD. I
It is recommended to restrict alcohol consumption to a maximum of 100 g per week. I
It is recommended to eat fish, preferably fatty, at least once a week and restrict 

(processed) meat.
I

Patients with mental disorders need intensified attention and support to improve 

adherence to lifestyle changes and drug treatment.
I

Smoking cessation is recommended regardless of weight gain, as weight gain does 

not lessen the ASCVD benefits of cessation.
I

New recommendations (5)
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Recommendations Class Level
It is recommended for adults of all ages to strive for at least 150−300 min 
a week of moderate-intensity or 75−150 min a week of vigorous-intensity
aerobic PA, or an equivalent combination thereof, to reduce all-cause 
mortality, CV mortality, and morbidity.

I A

It is recommended that adults who cannot perform 150 min of moderate-
intensity PA a week should stay as active as their abilities and health
condition allow.

I B

It is recommended to reduce sedentary time to engage in at least light 
activity throughout the day to reduce all-cause and CV mortality and 
morbidity.

I B

Recommendations for physical activity (1)
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Absolute intensity Relative intensity

Intensity METa Examples %HRmax

RPE
(Borg scale

score)
Talk test

Light 1.1–2.9
Walking <4.7 km/h, light 

household work
57–63 10–11

Moderate 3–5.9

Walking at moderate or brisk
pace (4.1–6.5 km/h), slow cycling
(15 km/h), painting/decorating, 
vacuuming, gardening (mowing

lawn), golf (pulling clubs in 
trolley), tennis (doubles), 
ballroom dancing, water 

aerobics

64–76 12–13

Breathing is
faster but 

compatible 
with speaking
full sentences

Classification of physical activity intensity and examples of absolute and 
relative intensity levels (1)

www.escardio.org/guidelines
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Absolute intensity Relative intensity

Intensity METa Examples %HRmax

RPE
(Borg scale

score)
Talk test

Vigorous ≥6

Race-walking, jogging or running, 
cycling >15 km/h, heavy

gardening (continuous digging or 
hoeing), swimming laps, tennis 

(singles)

77–95 14–17

Breathing very
hard, 

incompatible 
with carrying

on a 
conversation 
comfortably

Classification of physical activity intensity and examples of absolute and 
relative intensity levels (2)
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Recommendations Class
Risk factors and interventions at the individual level (continued)
It is recommended that the first objective of treatment is to lower BP to <140/90 

mmHg in all patients, and that subsequent BP targets are tailored to age and specific 

comorbidities.

I

In treated patients aged 18—69 years, it is recommended that SBP should ultimately 

be lowered to a target range of 120—130 mmHg in most patients.
I

In treated patients aged ≥70 years, it is recommended that SBP should generally be 

targeted to <140 and down to 130 mmHg if tolerated.
I

In all treated patients, DBP is recommended to be lowered to <80 mmHg. I

New recommendations (7)



Dyslipidemia and atherogenesis

Genetic and environmental factors influence lipid metabolism.

Their interactions lead to changes in lipoprotein levels and/or 
function → formation of atherosclerosis

Blood levels ↑ lipoproteins are considered risk factors for CVD:
Total Cholesterol (TC)
Low-Density Lipoprotein-bound cholesterol (LDL-C)
Apoprotein B (apo B)
Non-HDL cholesterol (non-HDL-C)
Triglycerides (TG)
Lp (a)



Dyslipidemia and atherogenesis



Dyslipidemia and atherogenesis

Blood ↓ lipoprotein levels are considered cardioprotective factors:
HDL-cholesterol (HDL-C)
apoprotein A1 (apo A1)

the INTERHEART case-control study



From Greek athêra, porrridge and

σκλήρωσις, sclerosis, hardening

A build-up of plaque in the walls of the artery

http://www.nhlbi.nih.gov/health/dci/Diseases/Atherosclerosis/Atherosclerosis_WhatIs.html

Atherosclerosis



Histology



From primary prevention 
studies...

To secondary prevention studies...

TNT-80
TNT-10



Plaque progression and regression by
IntraVascular UltraSound (IVUS)

Tsujita K et al. J Am Coll Cardiol 2015; 66(5):495-507



In apparently healthy 
arteries, there is 
51±13% plaque

Mintz GS, et al. JACC 1995;25:1479-1485

In-vivo histology with IVUS



Prevention of cardiovascular disease

First, target high-risk populations:

Primary:

Familial hypercholesterolemia, early family history

Diabetes and/or nephropathy

Multiple Risk Factors

Secondary:

Coronary

Stroke

Peripheral arterial disease



Cardiovascular disease complication rates 
can be reduced

Mach F, et al. Eur Heart J. 2019;0:1–78



How to treat Hypercholesterolemia?

60

• Statins

• Ezetimibe

• Bempedoic Acid

• LDL-apheresis

• PCSK9-inhibitors

After excluding:





About a case: Mr C J né 17/3/1958

At 56 years old





Dernière consultation: Mr C J né 17/3/1958

On 20 mg atorvastatin and 10 mg ezetimibe – no more myalgia



Etude IMPROVE-IT:
simvastatine + ezetimibe



Bempededoic acid

• Blocks ATP citrate lyase upstream of HMG-CoA 
reductase blocked by statins

• Synergistic effect

• Or for Statin-intolerant



Familial hypercholesterolemia

1 Heterozygous familial hypercholesterolemia

2 Homozygous familial hypercholesterolemia

1 

2



https:// www.lipidtools.com/calculator-pages/dlcn/



Clinical Examination

▪ Lipid deposits:

Tendon Xanthomas



Untreated LDL estimation

Clinical experience of scoring criteria for Familial Hypercholesterolaemia (FH) genetic testing in Wales K. Haralambos et al, 

Atherosclerosis Vol240, May 2015, Pages 190–196



PCSK9 inhibitors



PCSK9 inhibitors

PCSK9 Inhibition: Current Concepts and Lessons from Human Genetics Fatima Rodriguez & Joshua W. Knowles



Novel inhibitor of PCSK9 synthesis

Inclisiran: small interfering RNA (siRNA)



Effects of Inclisiran on LDL

Blocks Synthesis Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9)



About a case: Mr D  V né 24/9/1967

A 37 ans donc!

9 ans post CABG…



At 49 years old, with CABG < 12 years old
on 80 mg Simvastatin
and 10 mg Ezetemibe



Untreated LDL Assessment

Clinical experience of scoring criteria for Familial Hypercholesterolaemia (FH) genetic testing in Wales K. Haralambos et al, 

Atherosclerosis Vol240, May 2015, Pages 190–196



At 49 years old, with CABG < 12 years old 2 points 
on 80 mg Simvastatin
and 10 mg Ezetrol
with LDL estimated at 185 x 2.4= 444 8 points

Total: 10 points
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