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Residual risk in patients with very-low LDLc levels

Number at risk:

Placebo-Evolocumab
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CV death

Years in OLE

HR 0.77 

(95% CI 0.60-0.99) 

P=0.04 3.32%

4.45%

23% 

reduction

O’Donaghue, Circulation 2022; Gaba P, Circulation 2023; Laufs, Eur Heart J 2014

LDLc evo-evo: 29mg/dL

Recurrent CV-event rate in evo-evolocumab        : 14.6% /5yr
Recurrent CV-event rate in placebo-evolocumab: 16.8% /5yr

Significant benefit with marked residual risk
FOURIER-Open Label Extension study
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Other pillars ‘contributing’ to atherogenesis

Calculate absolute CV risk

Generic therapies

High/ recurrent

LDL-C 
burden 

METABOLIC 
burden 

THROMBOTIC 
burden 
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hypercholes-
terolaemia

Recurrent 
CV events

CV event + 
T2DM /
stat intol.

Oral:
Bempedoic 

acid

SGLT2 
inhibitor

GLP-1 
receptor 
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SGLT2-i

T2DM + 
CKD

Symptomatic 
PAD

CAD + 
very high 
absolute 
CV risk

Aspirin + 60 
mg ticagrelor

Aspirin + 
low-dose 

riva
DAPT

No further 
therapy, monitor 
complicance and 
therapeutic effect

Low/modest

T2DM + 
HF

T2DM + 
ASCVD 

Remnant-chol
TG burden

Fish-oils (EPA)

CV event + 
↑ TG / 
non-HDL-C

Inflammatory 
burden  

colchicine
(IL1-ab)
(IL6-ab)

CV event + 
↑ CRP

Post-ACS + 
stent + 
high recurr 
risk

If LDL not on target
despite statin/ezet.

Risk Factor

Therapeutic  
options

Injectables
PCSK9

Inhibitors

Lp(a)
burden 

apo(a)-as
apo(a)-
siRNA

CV-event

Hoogeveen, Stroes, Neth Heart J 2021

Bleeding? Infections?Evidence?



When cardiologist talk about high TGs …
TGs are ‘heterogeneous’

Triglycerides / Triglyceride-rich lipoproteins

Triglyceride-remants /

 Remnant cholesterol
Ginsberg H, et al. Consensus on HTG. Eur Heart J 2021

apoB containing lipoproteins

statin/PCSK9-i



Why are Triglyceride-rich particles atherogenic?
Experimental evidence: direct uptake in the arterial wall

Yang, Int J Mol Sciences 2018; Hassing, BBA 2012; 
Ginsberg, Eur H J 2022; Steender & Zilversmit, Atherosclerosis 1981

chylom. / VLDL

chylo-remnants/VLDL/
VLDL remnants

Chylomicrons

Atherosclerosis in rabbits

Anitschkow



TGs association with CV-risk

10.158 Cases in 262.525 subjects 

Sarwar. Circulation 2007; Nordestgaard B, Circ Res 2016

Are Triglycerides associated with Atherogenesis?
Epidemiological evidence: TG associated with CV-risk

Kolovou etal Curr Vasc Rep 2011, 9:258-270

non-fasting TGs associate with CV-risk

in both men and women



Are Triglycerides a ‘causal’ factor in Atherogenesis?
Mendelian Randomisation evidence: TRL-C (particle number) reduction ‘beneficial’
                                                                    

Varbo, Circ 2013; Jorgenson, NEJM 2014; TG working group, NEJM 2014
Cardiogram consortium, NEJM 2016; Helgadottir, Nature genetics 2016
Dewey, NEJM 2016; Dewey, NEJM 2017; …..

Clinical benefit of LDL-C or TG/TRL-C lowering
is proportional to the reduction in the number
of atherogenic particles, i.e. apoB reduction

Ference, JAMA 2019



But, what is high Triglycerides?

a mixed bag

TG 4.5 mmol/l (405 mg/dL)

High apo B 1350mg/l Low apo B 870 mg/l

Cholesterol esters

Atherogenic
less Atherogenic



Triglyceride-rich particles ‘drive’ atherogenic risk

Mg/dl Mmol/l

TC 231 6.0

TG 340 3.84

HDL-C 37 0,97

Non-HDL-c 194 5.03

LDL-C 126 3.27

apoB 100 1,0 g/l

Mg/dl Mmol/l

TC 308 8.0

TG 835 5.95

HDL-C 40 1,05

Non-HDL-c 268 6,95

LDL-C nm nm

apoB 140 1.4 g/l

Mg/dl Mmol/l

TC 316 8,2

TG 974 11,0

HDL-C 23 0,60

Non-HDL-c 293 7.6

LDL-C nm nm

apoB 100 1,0 g/l



And we have known this for decades:
Only an increased ‘number’ of TRLs associate with risk

Framingham Heart Study
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Schaeffer E, et al, J Lip Res 1994



Does ‘TG’-lowering reduce residual CV-risk?

Calculate absolute CV risk

Generic therapies
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Hoogeveen R, Neth J Med 2021



Das-Pradhan N Engl J Med 2022; 

PROMINENT:
Pemafibrate in high-risk hypertriglyceridemic DM-II patients

84 mg/dl TG decrease

26 mg/dl RC decrease

12 mg/dl LDL-C increase

3 mg/dl apoB increase

Pemafibrate

d



Das-Pradhan N Engl J Med 2022; Ginsberg H, Eur Heart J 2021

Fibrates: Enhancing TG-metabolism?
TG lowering in absence of TRL-reduction not beneficial

Effect 
Pemafibrate

%change 
compared to 
placebo

Abs. difference
Vs placebo

TG change -26.2 % - 69 mg/dl

Remnant chol -25.6 % - 12 mg/dl

LDLc +12.3 % + 10 mg/dl

apoB + 4.8 % + 5 mg/dl

Fibrate does not ‘remove’ Triglyceride-rich particles
It shifts atherogenic particles towards other atherogenic particles



Abs. change vs placebo

Triglycerides (mg/dL) -32 mg/dL

Non-HDL-C (mg/dL) - 10 mg/dL

LDL-C (mg.dL) - 5.0 mg/dL

apoB (mg/dL) - 5.0 mg/dL

REDUCE-IT: Icosapent-ethyl in hyperTG-patients
Benefit ‘independent’ of TG-effect?

Bhatt, N Engl J Med 2019

TG-reduction: 39 mg/dl  (pemafibrate: -84mg/dl) 

Icosapent ethyl is not a TG-lowering drug,

Mechanism of benefit? Prof G Steg



Benefit of TLR-lowering on CVD needs to be tested
using TRL-lowering therapies

Alexander V, Eur Heart J 2019

apoCIII antisense therapy

Rosenson, AHA 2022

ANGPTL3 siRNA therapy



Summary: Challenges in Atherosclerotic Cardiovascular 
Disease reduction and Triglyceride-related risk

• TG reduction should not be used as target for CVD-reduction

• Triglyceride-rich lipoprotein (TRL) reduction, i.e. reduction apoB + TG, 
best surrogate for CVD-reduction

• Beta-lipoprotein reduction, comprising LDLc + TRL-C, is best target
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