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Triglyceride as Vascular Risk Factor



Triglycerides as a risk factor for CHD:
Copenhagen Male Study
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The Association of low HDL-C with Elevated TG 
Confers a Substantial Risk of CHD

0,0%

5,0%

10,0%

15,0%

In
c

id
e

n
c

e
 i
n

 %
 o

f 

s
u

b
je

c
ts

HDL 0,29-1,18 HDL 1,19-1,45 HDL 1,46-3,46

TG 0,44-1,09

TG 1,10-1,59

TG 1,60-22,4

HDL thirds in mmol/l

TG thirds in 

mmol/l
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The observed relationship holds after multivariate adjustment for potential confounders

Jeppesen J et al, Circulation 1998;97:1029-1036



Increased triglyceride levels confer increased risk 
at all levels of LDL-C

PROCAM study: CHD risk according to LDL -C and 

TG Increased TG confers CHD risk at all levels of LDL -C
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Miller M et al. J Am Coll Cardiol. 2008;51:724-30.

¸ Despite achieving LDL-C <70 mg/dL with high-dose statins, patients 

with TG Ó200 mg/dL show significantly increased CV risk

High TG levels are associated with increased 
residual macrovascular risk , even when 

LDL - C is very low

Ó200 

(n=603)

<200

(n=2,796)

PROVE IT-TIMI 22 study
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Residual coronary heart disease in statin-treated 
patients: room for improvement
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LaRosa et al., N Engl J Med 2005;352:1425ï35

* Composite of death from CHD, nonfatal MI, resuscitation after cardiac arrest,

and fatal or nonfatal stroke.

Modifiable
Risk Factors

HDL - C, TG
Blood Pressure
IA Adiposity
Insulin resistance
Smoke
Inflammation, etc.

Non -Modifiable
Risk Factors

Age
Gender
Family history

Aggressive LDL-C lowering with maximal doses 
of statins does not eliminate residual 

macrovascular risk

Atorvastatin  10 mg
LDL-C           101 mg/dl

(n=5,006)

80 mg
77  mg/dl

(n=4,995)

TNT study

0

5

10

15

5
-y

r 
ri
s
k
 m

a
jo

r 
c
a

rd
io

va
s
c
u
la

r 
e

v
e

n
t 

ra
te

 (
%

)

22% relative 
risk reduction10.9

8.7

RESIDUAL CV RISK



ü LDL-CReduction Reduces Cardiovascular Events
Á YES - Strong Unequivocal Evidence 

Á Limitation: 60%-90% of CV events still observed in statin-treated pts

Á Concept of Residual Cardiovascular Risk (RR)

üComprehensive lipid management (LDL-C, HDL-C, TG)
Á Low HDL-C and high TG significantly contribute(by 30-40%) to the 

excess residual risk of CV events on optimal LDL-C levels

Á Therapeutic Approaches for aComprehensive Lipid Management

- Effects on Lipid Profile and Safety:YES

- Effect on Clinical Endpoints: Positive Preliminary

Managing Residual Vascular Risk: 
Comprehensive Lipid Approach



Features of AtherogenicDyslipidemia

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, 

JAMA 2001;285:2486-2497

Low HDL-C

Elevated TGElevated 

small-dense 

LDL particles

Å Atherogenic dyslipidemia is commonly associated with pro-thrombotic and pro-

inflammatory states.  

Metabolic syndrome

Diabetes Mellitus T2

PCOS



UKPDS: Typical Lipid Profile in Patients with Diabetes 
Compared with No Diabetes
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Effect of metabolic syndrome or diabetes mellitus on the incidence of myocardial infraction (A) and stroke (B) in 4818

male PROCAM participants aged 35 to 65 years

Assmann G. Endocrinology metabolic clinics of North America June 2004; 33:  377 - 392
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Classification of Elevated Triglyceride Levels

TG category TG concentration (mg/dL) TG goal

Normal <150

<150 mg/dL
Borderline high 150-199

High 200-499

Very high Ó500

TG levels that are even moderately elevated (Ó150 mg/dL) may identify 

individuals at risk for the insulin resistance syndrome. TG levels Ó200 mg/dL 

may indicate a substantial increase in ASCVD risk. Hypertriglyceridemia is 

also commonly associated with a procoagulant state and hypertension. 

Jellinger P, Handelsman Y, Rosenblit P, et al. Endocr Practice. 2017;23(4):479-497

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; TG, triglycerides.



Fenofibrate: mechanisms of action on lipids

Duval C, et al. Trends Mol Med. 2002;8:422 -430.
Lee CH, et al. Endocrinology. 2003;144:2201 -2207.
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TG

Liver Circulation

Fibrates 
increase the 
expression 
of proteins 
in yellow
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Decreased LDL
particles and
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particle size
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clearance
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production
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RESULTS



Inflammatory 
response

Barbier O, et al. Arterioscler Thromb Vasc Biol. 2002;22:717 - 726.

Fenofibrate on Peripheral vascular 

effects

Activated
PPARa

Vasoconstriction
Cell migration

Cell 
recruitment/
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Foam cell 
formation

Thrombosis

Plaque 
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Å Atherosclerosis is an inflammatory disease involving the immune 

response, which characterized by a sequential release of anti- and 

pro-inflammatory cytokines, including IL-10, TNF-Ŭ & and P-selectin 

Å Fenofibrate (PPAR-Ŭ) :

ïprevent atherosclerosis via its pleiotropic anti-

inflammatory effects 

ïplays an important role in regulating fatty acid 

oxidation, lipid & lipoprotein metabolism, 

inflammatory & vascular responses, all of 

which are involved in atherosclerosis 

Molecular Medicine Reports 9: 1755-1760, 2014

Fenofibrate in Atherosclerosis (1)



Fenofibrate in Atherosclerosis (2)

¸Antiatherogenic effects of Fenofibrate 

significantly: 

ŗegresses atherosclerotic lesions 

i̧nduced changes in plaque composition 

Ąassociated more ñstableò phenotype (reduced 

macrophages and increased smooth muscle cell)

# Animal study: NZ white rabbits by a combination of a double-balloon injury and a 9-month 

hypercholesterolemic diet

Atherosclerosis 190 (2007) 106ï113



PPAR-aAgonists (Fibrates) and Statins

ÅCombination fibrate and statin therapy may significantly 

improve triglyceride, LDL-C, and HDL-C levels

ÅFibrates plus statins are associated with increased risk for 

myopathy and rhabdomyolysis

ïNot thought due to cytochrome P450 drug interaction

ïGemfibrozil may impair glucuronidation of statins (with cerivastatin

being more susceptible than other statins such as simvastatin and 

atorvastatin)

ïFenofibrate appears to have less potential for impairment of statin 

metabolism, and thus this may account for the reduced reports of 

fenofibrate plus statinïinduced myopathy and rhabdomyolysis

compared with gemfibrozil plus statin.

Ballantyne CM et al. Arch Intern Med 2003;163:553 -564.
Bays H. Am J Cardiol 2002;90:30K -43K.



FIELD: Patients with atherogenic dyslipidemia 
target population of fenofibrate treatment

Keech AC et al. Lancet. 2005;366:1849-61. - Scott R et al. Diabetes Care. 2009;31:493-98.

¸Numberneededto treat (NNT) to preventone CV eventin patients with
T2D and atherogenic dyslipidaemiatreatedwith fenofibrate: 23
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Keech et al., Lancet 2005;366:1849ï61

Scott et al., Diabetes Care 2009;31:493ï98

Low HDL-C (<40 mg/dL for men and <50 mg/dL for women) and high TG (Ó150 mg/dL) 

defined according to ATP III criteria
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LIPID MODIFYING EFFICACY FENOFIBRATE ALONE OR IN COMBINATION 

WITH STATIN in patient with TYPE 2 DIABETES - ( BEST COMBINATION : with ATORVASTATIN )
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Fibrate-Statin combination: The optimal 
therapeutic approach in diabetic patients 

with combined hyperlipidemia
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Clinical Trials with Statin-Fenofibrate: 
Effects on Lipids 

Simvastatin + Fenofibrate

(SAFARI Trial)

Combined hyperlipidemia (n=618)
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Simva + Feno

Simvastatin

S.M. Grundy et al., Am. J. Cardiol., 95: 462-468, 2005
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