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Lipoprotein classes and atherosclerosis 

Chylomicrons, 

VLDL, and their 

catabolic remnants  

LDL HDL 

Pro-atherogenic Anti-atherogenic 



Dyslipidemia 

• Elevated LDL-C 

• Elevated triglyceride 

• Low HDL-C 
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Fibrate 

Exercise, BW  



All statin clinical outcome trials:   

Effects of baseline LDL-C 

 
Baseline LDL-C 

Treatment-arm 
(n=84573) 
 

Control-arm 
(n=84565) 

Relative risk 
(95% CI) 

< 80 mg/dL 910 1012 0.78 (0.61-0.99) 

80-100 mg/dL 1528 1729 0.77 (0.67-0.89) 

Relative risk reduction in major vascular events per 40 mg/dL 

reduction in LDL-cholesterol 

(26 Trials; 169,138 subjects; 24,323 events) 

Number of Events 

100-120 mg/dL 1866 2225 0.77 (0.70-0.85) 

120-150 mg/dL 2007 2454 0.76 (0.70-0.82) 

> 150 mg/dL 4508 5736 0.80 (0.76-0.83) 

CTT Collaborators. Lancet. 2010; 376:1670-1681. 



Benefits for patients with CHD  

CTT Collaborators. Lancet. 2010; 376:1670-1681. 



Benefits for patients with DM 

CTT Collaborators. Lancet. 2010; 376:1670-1681. 



CV Benefit from PROVE IT study 

Hazard Ratio for Primary Endpoint (PROVE IT-TIMI 22) 

Wiviott SD, et al. J Am Coll Cardiol. 2005;46:1411-1416.  



Circulation. 2004;110:227-239 

Statin 





Four Major Statin Benefit Groups  

with clinical ASCVD,  

primary elevations of LDL–C >190 mg/dL,  

diabetes aged 40 to 75 years with LDL–C 70 

to189 mg/dL and without clinical ASCVD,  

without clinical ASCVD or diabetes with LDL–C 70 

to189 mg/dL and estimated 10-year ASCVD risk 

>7.5%.  









Medscape Medical News 

Endocrinology Group Rejects New AHA/ACC CVD Guidelines 
December 13, 2013 

 The American Association of Clinical Endocrinologists (AACE) 

says it can't support the new cardiovascular risk guidelines 

issued by the American Heart Association (AHA) and the 

American College of Cardiology (ACC), saying the set of 4 

guideline documents is out of step with its own 

recommendations. 

 The 4 guidelines are: 

 The treatment of blood cholesterol in adults.  

 Lifestyle management to reduce cardiovascular risk. 

 Obesity management, in conjunction with The Obesity Society.  

 A "science advisory" on the management of hypertension, 

along with the Centers for Disease Control and Prevention. 
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STELLAR: Effects of statins on lipids
Percentage changes in lipid parameters

STELLAR: Effects of statins on lipids
Percentage changes in lipid parameters
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Current Approach for Mixed Dyslipidemia 

Non-HDL-C 

Non-HDL-C 



Treatment Objectives for Elevated TG Levels:  
NCEP Guidelines 

High TG: At Risk for CHD 

► Primary objective: LDL-C reduction 

► Secondary objective: Non-HDL-C 

reduction 

TG ≥500 

mg/dL 

TG 200- 499 

mg/dL 

Very High TG: At Risk for Pancreatitis 

►Primary objective: TG reduction 

►Secondary objective: LDL-C and        

non–HDL-C reduction 

Third Report of the NCEP Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults 

(ATP III). NIH Publication No. 02-5215; September 2002. 



Treating to New Targets (TNT) 
Intensive LDL-C lowering and residual risk  

of major cardiovascular disease events*   
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(La Rosa  2005)  
* Composite of death from CHD, nonfatal MI, resuscitation after cardiac 

arrest, and fatal or nonfatal stroke.  

RESIDUAL CV RISK 

Modifiable 

Risk Factors 

HDL-C, TG 

Blood Pressure 

Adiposity 

Insulin resistance 

Smoke 

Inflammation 

Non-Modifiable 

Risk Factors 

Age 
Gender 
Family history 







Lipid Levels and Risk of Major Cardiovascular Events 

in Statin-Treated Patients 

JAMA. 2012;307(12):1302-1309 



General Features of the Metabolic 
Syndrome and T2 DM 

• Abdominal obesity 

• Atherogenic dyslipidemia (lipid triad) 

–  Elevated triglycerides 

–  Small LDL particles 

–  Low HDL cholesterol 

• Raised blood pressure 

• Insulin resistance (± glucose intolerance) 

• Prothrombotic state 

• Proinflammatory state NCEP ATP III 2001 



Curr Opin Lipidol 17:238–246. 2006 



Am Heart J 2005;150:859-70. 

Proposed mechanism for generation of sdLDL and lowering of HDL 





• Small particle size favors the penetration of LDL 
particles into the arterial intima. 

• The prolonged residence time of small dense 
LDL due to its poor binding to LDL receptor 
gives more time for particles to infiltrate into 
the arterial intima. 

• Small dense LDL increase susceptibility to 
oxidation and glycation.  

• Oxidized LDL in the intima trigger a cascade of 
processes leading to the formation of foam cells 
and the plaque formation. 

Why is small dense LDL highly atherogenic? 





Management of Diabetic Dyslipidemia 

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. JAMA 2001;285:2486-2497. 

Low HDL-C 

↑ TG 

The 

atherogenic 

triad High sd LDL-C 

Atherogenic triad = ↑ TG + ↓HDL + ↑ Small dense LDL particles 

After LDL-C goal is met 



ESC/EAC guidelines 

European  Heart Journal (2011) 32,1769-1818 



Niacin in Patients with Low HDL Cholesterol 
Levels Receiving Intensive Statin Therapy 

• All patients received simvastatin, 40 to 80 mg per day, plus ezetimibe, 10 mg per day, if 

needed, to maintain an LDL cholesterol level of 40 to 80 mg per deciliter.  

• The primary end point was the first event of the composite of death from coronary heart disease, 

nonfatal myocardial infarction, ischemic stroke, hospitalization for an acute coronary syndrome, or 

symptom-driven coronary or cerebral revascularization. 

                    AIM-HIGH trial. N Engl J Med 2011;365(24):2255-67. 



 After a median follow up of 3.9 years, the combination of niacin 
and laropiprant ”did not significantly further reduce the risk of 
the combination of coronary deaths, non-fatal heart attacks, 
strokes or revascularizations compared to statin 
therapy,” according to Merck. 

 Even more troubling, the company reported that there was “a 
statistically significant increase in the incidence of some types 
of non-fatal serious adverse events in the group that received 
extended-release niacin/laropiprant.” 

Pharma & Healthcare | 

12/20/2012 @ 9:58上午 |7,192 views  

HPS2-THRIVE: No Benefit、Signal Of Harm For Niacin Therapy 



Fibric Acid Derivatives
 

Bezafibrate 
 
Ciprofibrate  
 
Etofibrate 
 
Fenofibrate 
 
Gemfibrozil 

(Lopid) 



mRNA 

DNA 

Fenofibrate 的作用 

~ 活化PPARα改善血脂之效果 



Fibrate mechanisms of action 

Fibrate 

PPAR 

 Reverse 
cholesterol transport 

 LDL particle size 

 HDL synthesis 

 Triglycerides 

increases LPL 

gene expression 

increases apo A-I 

and apo A-II gene 

expression 

diminished apo 

C-III production 



Effectiveness and tolerability of simvastatin plus 

fenofibrate for combined hyperlipidemia: the SAFARI trial 

Grundy et al. Am J Cardiol 2005;95:462-8 

12-week, double-blind, randomized study in 618 patients 

with combined hyperlipidemia 
(TG 150-500 mg/dl, LDL-cholesterol > 130 mg/dl) 

* p < 0.001 
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SAFARI trial:  
effects on LDL-cholesterol particle subclasses 

Proportion of total LDL-C  

6.3 

6.9 

n = 618 
* Significantly different pattern between the 2 treatment groups (p < 0.001) 
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Diabetes Care 32:493–498, 2009 
FIELD study 



3 treatment strategies were tested 

A1C = glycosylated hemoglobin. Available at: www.accordtrial.org/public/purpose.cfm.  

Intensive Standard 

A1C <6% <7.5% 

SBP <120 mm Hg <140 mm Hg 

Lipids 
Statin to ↓ LDL  
+ Fenofibrate to↑HDL-C and ↓ TG 

Statin to ↓ LDL alone 

ACCORD Lipid 



Baseline lipids 
Simvastatin + 
Fenofibrate 
(n=2,765) 

Simvastatin 
(n=2,753) 

Overall 
(n=5,518) 

Mean total cholesterol 174.7 175.7 175.2 

Mean LDL-C 100.0 101.1 100.6 

Mean HDL-C 38.0 38.2 38.1 

Median TG 164 160 162 

Baseline Characteristics – Lipids 

Data presented as mg/dL. To convert values for cholesterol to mmol/L, multiply by 0.02586. To convert triglycerides to mmol/L, 

multiply by 0.01129. 

ACCORD Study Group. N Engl J Med March 14, 2010. Epub. 

ACCORD Lipid 
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Effects of fenofibrate on lipid levels 

           4 months : P<0.001 

end of the study : P=0.02 

           4 months : P=0.11 

end of the study : P=0.16 

           4 months : P<0.001 

end of the study : P=0.01 

           4 months : P<0.001 

end of the study : P<0.001 



Primary endpoint 
Major CV events (overall population) 

ACCORD Study Group. N Engl J Med March 14, 2010. Epub. 
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Fenofibrate reduces the residual risk 
associated with elevated TG and low HDL-C 

 Patients in the dyslipidaemia subgroup had a 70% higher relative risk 
of major CV events* compared to those with TG <204 mg/dL and HDL 
>34 mg/dL, despite achieving a mean LDL-C of 80 mg/dL 
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ARR: absolute risk reduction 

ACCORD Study Group. N Engl J Med March 14, 2010. Epub. 
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Lancet 2010; 375: 1875–84 

Effect of fibrates on risk of major 

cardiovascular outcomes 



Lancet 2010; 375: 1875–84 

Effect of fibrates on risk of coronary events 



N Engl J Med. 2010;363:692-5 

Combination Lipid Therapy in Type 2 Diabetes 



Glucuronidation of Fibrates 

Drug Metab Dispos 2002;30:1280-1287. 

J Pharmacol Exper Ther 2002;301:1042-1051 

UGT = UDP glucuronosyltransferases 
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Statin-fibrate combination therapy: 

pharmacokinetic interactions 

Pan et al. J Clin Pharmacol 2000;40:316-23 
Backman et al. Clin Pharmacol Ther 2000;68:122-9 
Kyrklund et al. Clin Pharmacol Ther 2001;69:340-5 
Backman et al. Clin Pharmacol Ther 2002;72:685-91 
Davidson et al. Am J Cardiol 2002;90 (suppl):50K-60K      
Prueksaritanont et al. Drug Metab Dispos 2002;30:1280-7 
Martin et al. Clin Ther 2003; 25: 459-71 

Gemfibrozil Fenofibrate 

Atorvastatin  in Cmax (expected) 

No clinically 
relevant 

interaction 

Simvastatin  in Cmax by 2-fold 

Pravastatin  in Cmax by 2-fold 

Rosuvastatin  in Cmax by 2-fold 

Fluvastatin No effect 

Cerivastatin  in Cmax by 2- to 3-fold 

Lovastatin  in Cmax by 2.8-fold Not available 



Follow-up Adverse Events in ACCORD Lipid Trial 



Follow-up Laboratory Measures in ACCORD Lipid Trial 



Reversibility of Fenofibrate Therapy–Induced Renal Function 

Impairment in ACCORD Type 2 DM Participants 

Diabetes Care 35:1008–1014, 2012 

Fenofibrate case subjects (n = 321, ≧20% increase after 3 

months of therapy); fenofibrate control subjects (n = 175, 

≦2% increase); and placebo control subjects (n = 565). 



Possible risk of statins? 

• Statin related myopathy. 

• Liver injury. 

• Statin related cognitive adverse event. 

• Development of T2DM. 



Current Approach for Mixed Dyslipidemia 

Non-HDL-C 

Non-HDL-C 





Statin 



Fibrate 



Conclusions 

In patients with TG≥500 mg/dl, lipanthyl first 
to prevent pancreatitis.  

In patients with mixed dyslipidemia 

Statin first to achieve LDLC goal, if 
persist high levels of TG adding lipanthyl 
is an option. 

In high risk patients, initial combination 
therapy with statin and lipanthyl is an 
option. 




