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Risk Factors Associated with Atherosclerotic
Cardiovascular Disease and Reduce the

Risk beyond Low-density Lipoprotein (LDL)

Zwol Wv, et al. J. Clin. Med. 2019, 8, 1085



Residual Cardiovascular Risk in 
Major Statin Trials

Adapted from Libby PJ, et al. J Am Coll Cardiol 2005:46:1225-28
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PROCAM Substudy
Residual Risk-R3i 

TG>150 HDL<45

HDL<45

y/o 

TG>150

LDL<100 2,6 3,4 5,0

LDL 100-129 1,9 2,6 2,9

LDL 130-159 1,1 2,8 2,4

LDL>160 1,0 2,0 2,0

Assmann G, et al. Diab Vasc Dis Res 2010;7:204

Probability (OR) of MI



Residual Atherosclerotic Cardiovascular
Disease Risk

 Whether optimal LDL-C control varies from person to person 
rather than according to overall clinical subgroup.

 Whether residual ASCVD risk could be prevented by even 
more aggressive LDL-C lowering using more stringent statin 
regimens or additional LDL-C–lowering strategies, such as 
inhibitors of PCSK9, which has some effects distinct from 
those of statins on non–LDL-C risk factors.

 What extent non–LDL-C risk factors explain the residual risk.



Targeting Risk of Plasma Lipid-driven 
Atherosclerotic Cardiovascular Disease 

beyond LDL Cholesterol

Zwol Wv, et al. J. Clin. Med. 2019, 8, 1085



Hospital-based Study of Prevalence 
of Dyslipidemia in Taiwan 

 Prevalence of hypertriglyceridemia 
in gender and three age groups.

➢ 22.5 % overall
➢ 29.3 % in men
➢ 13.7 % in women
➢Increasing with age in women

Cheng KC, et al. Cholesterol 2011;2011:314234.



Triglyceride Level and Risk of CHD



Risk Associated with TG and Low HDL-C not 
Eliminated in the HPS Study

HPS Collaborative Group, Lancet 2002;306:7-22

Lipids in mmol/L

Collins R, et al. Lancet 2003:361:2005-16



CHD=coronary heart disease; CI=confidence interval; EPIC=European Prospective Investigation of Cancer; APCSC=Asia Pacific 
Cohort Studies Collaboration

Metanalysis with > 260.000 participants and over 10.000 
cases of CHD

Sarwar N, et al. Circulation 2007;115:450–58

Triglycerides and Coronary Risk



Coronary Risk in Hypertriglyceridemia
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TG Risk factor of Recurrent Vascular Events 
Independent of LDL or Non-HDL

van de Woestijne AP, et al. Int J Cardiol 2013 Jul 31;167:403-08

* p<0.05; ** p<0.01.n=5.731 pts with CVD, followed 5 yrs



Triglyceride Level and CHD Risk after 
Acute Coronary Syndrome

Days after Month 1 visit Adapted from Miller et al, 
JACC 2008; 51(7): 724-30

N = 3718

150 mg/dL

150 mg/dL



Triglyceride Level and Long Term Risk 
after Acute Coronary Syndrome

Adapted from Schwartz et al,                         
J Am Coll Cardiol 2015; 65: 2267-75



Miller M, et al. PROVE IT-TIMI 22 trial. J Am Coll Cardiol 2008;51:724-30

Triglycerides and Coronary Events
PROVE IT-TIMI 22 Trial

27%



Faergeman O, et al. Am J Cardiol 2009;104:459–63

N= 54.661

TG comparing
1º vs 5º quintiles 

RRR: 63% 

Predictive value
reduces after HDL 
adjustment and 
disappears in 

multivariant analysis

(HR 1.33, 95% CI 1.24 to 1.43, p <0.001)

33%

Triglycerides and Coronary Events
TNT & IDEAL Trials



Associations between Concentrations of TG, and 
Cardiovascular Disease and All-cause Mortality

Nordestgaard BG, et al. Lancet 2014;384(9943):626-635.

(131)

(614)

(from mmol/L to mg/dL: multiply by x 88.6) 



Elevated Triglycerides

Normal <150 mg/dL

◼Borderline high 150–199 mg/dL

◼High 200–499 mg/dL

◼Very high >500 mg/dL



Lipoprotein Lipids and Other Metabolic 
Markers With Risk of Incident MI, IS, and ICH

 OBJECTIVES: This study sought to 
investigate the associations of 
plasma metabolic markers with 
risks of incidence of MI,IS, and ICH.

 METHODS: In a nested case-control 
study (2004-2008, 912 MI, 1,146 IS, 
and 1,138 ICH cases, and 1,466 
common control subjects) 30 to 79 
years of age in China Kadoorie
Biobank, nuclear magnetic 
resonance spectroscopy measured 
225 metabolic markers in baseline 
plasma samples. 

Holmes, M.V. et al. J Am Coll Cardiol. 2018;71(6):620–32.



Triglyceride-rich Lipoprotein Metabolism 
and Mechanism of Atherosclerosis

Sandesara PH, et al. Endocr Rev. 2019;40(2):537-557.



Dyslipidemia in Diabetes Mellitus
(60% of cases)

Small and dense 

LDL

+ High LDL

Low HDL

Small and dense 

HDL

Hyper-TG

Large VLDL



Lu W, et al. Diabetes Care 2003;26:16-23 

Adjusted by age, BMI, smoking, SBP, HbA1c, fibrinogen, insulin & albumin/creat ratio

Strong Heart Study

★

★

★
★2.108 DM

vs
2.060 Ctrls

Flw-up: 9 yrs

★ significant

Triglycerides in Type 2 Diabetes Mellitus

TG: 

Males Females Total



Triglycerides are Risk Factor for CAD in 
type2 Diabetes Mellitus

Schulze MB, et al. Diabetologia 2004;47:2129–36

921 ♀; mean age:60 years; follow up:10 years

*MFR: edad, HTA, BMI y uso AAS

1º quartile 4º quartile

Unadjusted Adjusted MRF*

* MRF: Age, HBP, BMI and use of ASA



Postprandial TG in type2 DM

Van Dieren S, et al. Diabetologia 2011;54:73–77

1.337 type2 DM patients followed 8 yrs

Model 1, adjusted: age, BMI, Smoking, SPB, HbAic, ethilism, DM duration , Kcal intake, DM Rx, physical activityy. 
Model 2: 1 + postprandial time



Triglycerides & Insulin Resistance



Insulin Resistance and Type II Diabetes Associated 
with Production of Triglyceride-rich Lipoproteins

Dash S, et al. Diabetes Obes Metab. 2019;21 Suppl 1:28-38.



Reduction in Plasma TG Levels with Lifestyle 
and Pharmacological Interventions

Sandesara PH, et al. Endocr Rev. 2019;40(2):537-557.



Management of Triglycerides in Diabetic Dyslipidemia

Alexopoulos AS, et al. Curr Diab Rep2019;19(4):13.



Summary of CVD Trials with TG Lowering Drugs

Dash S, et al. Diabetes Obes Metab. 2019;21 Suppl 1:28-38.



Structure of Polyunsaturated Fatty Acids 
(PUFAs) and Originated Oils

Sakamoto A, et al. Int J Mol Sci. 2019;20(16). pii: E4025.

The major OM3 include alpha-linolenic acid (ALA, primarily in plants), eicosapentaenoic acid and docosahexaenoic acid (EPA and DHA),
and others such as stearidonic acid (SDA) and docosapentaenoic acid (DPA) are present in very low amounts in the diet.



The Effects of EPA and DHA on Endothelial 
and Neuronal Cell Membrane

Preston Mason R. Curr Atheroscler Rep 2019;21:2.



Metabolism of Omega-3

Darwesh AM, et al. Chem Biol Interact 2019;308:20-44.



The Immuno-modulatory Effects of Omega-3

Darwesh AM, et al. Chem Biol Interact 2019;308:20-44.



OM3 types, Sources and Physiologic Effects

Elagizi A, et al.Prog Cardiovasc Dis. 2018 ;61(1):76-85.



The Effect of EPA+DHA on Cardiovascular Risk

Baum SJ, et al. Clin Cardiol. 2019 Jun 29



Effects of EPA on Plaque Progression

Preston Mason R. Curr Atheroscler Rep 2019;21:2.



CV Prevention Trials of Omega-3 (I)



Results of CV Prevention Trials of Omega-3 (I)

Baum SJ, et al. Clin Cardiol. 2019 Jun 29



CV Prevention Trials of Omega-3 (II)



Results of CV Prevention Trials of Omega-3 (II)

Baum SJ, et al. Clin Cardiol. 2019 Jun 29



Primary Prevention of Heart Failure 
Clinical Trials

Sakamoto A, et al. Int J Mol Sci. 2019;20(16). pii: E4025.



Secondary Prevention of Heart Failure 
Clinical Trials (I)

Sakamoto A, et al. Int J Mol Sci. 2019;20(16). pii: E4025.



Secondary Prevention of Heart Failure 
Clinical Trials (II)

Sakamoto A, et al. Int J Mol Sci. 2019;20(16). pii: E4025.



Putative Mechanism of Omega-3 mediated 
Cardiac Protection against Heart Failure

Sakamoto A, et al. Int J Mol Sci. 2019;20(16). pii: E4025.



GISSI-Prevention trial

Time (months)

0 30 42

N=11324

Omacor 1g 

None

12 186

Omacor 1g + Vitamin E 300mg 

Vitamin E 300mg

Omacor 1g 

Open-label, randomized design

Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after 
myocardial infarction: results of the GISSI-Prevenzione trial (AVG 3.5 yr)
Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico
Lancet. 1999 Aug 7;354(9177):447-55



GISS-Preventation臨床實驗發現，心肌梗塞
患者每天一顆Omacor能大幅降低死亡率

0%

-15%

Death
Non-fatal AMI

Non-fatal stroke

p<0.02

-20%

CV Death
Non-fatal AMI

Non-fatal stroke

p<0.008

-21%

Overall
mortality

p<0.02
-30%

CV death

p<0.02

-44%

Sudden
death

p<0.01

-4%

Non-fatal
events

n.s.

-50%

-45%

-40%

-35%

-30%

-25%

-20%

-15%

-10%

-5%

% risk reduction

(GISSI-Prevenzione Investigators, Lancet 1999; 354:447)



Time (months)

0 12

To death or 
admission to 

hospital

N=7046

Omacor 1g 

Placebo

GISSI-HF trial
Effect of n-3 polyunsaturated fatty acids in patients with chronic heart failure 

(the GISSI-HF trial): a randomised, double-blind, placebo-controlled trial.

631

Follow-up visits every 6m after 1 year, AVG 3.9yr

Lancet. 2008 Oct 4;372(9645):1223-30. 
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Placebo Omacor

RR=-8%
(P=0.009)

RR =-8%
(P=0.036)

RR=-9%
(P=0.041)

RR = -14%
(P=0.004)

GISSI-HF臨床實驗發現:
OMACOR可降低CHF約9%死亡率

Number of all-cause 

death

Number of all-cause

death & hospitalisations

Lancet. 2008 Oct 4;372(9645):1223-30.



JELIS Study發現 , EPA可能有預防心血管
疾病的效果(Primary prevention)

主要心血管
事件發生率

AVG 4.6yr



若患者TG>150mg/dl & HDL<40mg/dl , 有無
服用EPA對於心血管疾病初級預防差異更大



Bhatt DL, et al. N Engl J Med 2019;380;1.

(REDUCE-IT Trial)



Design and rationale  published in 2017 in Clinical Cardiology (Bhatt et Al. Clinical Cardiology.2017;40:138–148): 90% power to measure a 15% reduction in MACE primary 
endpoint.

Study conduct : 2011- 2016

amendment 2013: TG 200 -499 mg/dL



 Enrolled patients with CV risk factors beyond elevated LDL-C

 8179 statin-treated patients with well-controlled LDL-C (41-100 mg/dL; 
median baseline 75 mg/dL)

 TG 135-499 mg/dL (median baseline 216 mg/dL)

 Stratified by risk into either secondary prevention or primary prevention 
cohort

 71% — patients with established CVD and ≥45 years (secondary 
prevention cohort)

 29% — patients with diabetes mellitus, ≥50 years, and one additional 
CV risk factor (primary prevention cohort)

 Randomized to VASCEPA 4 g/d + stable statin or placebo + stable statin

 Patients were on background lipid-lowering therapy with a median baseline 
LDL-C of 75 mg/dL

Patient Population

Bhatt DL, et al. N Engl J Med 2019;380;1.



Baseline Characteristics

Bhatt DL, et al. N Engl J Med 2019;380;1.



Baseline Lipids Levels

Bhatt DL, et al. N Engl J Med 2019;380;1.



Biomarkers Changes 
(from baseline to year 1) 

Bhatt DL, et al. N Engl J Med 2019;380;1.



Primary Endpoint

 Primary EP: CV Death, nonfatal MI, 
nonfatal stroke, coronary revascularization 
or unstable angina (5 point MACE)

 Median follow-up 4.9 years

 Primary (5-MACE): RRR=24.8%; ARR=4.8%; 
NNT 21

 CV event curve for VASCEPA visually 
separated from the placebo event curve 
at approximately 1 year and remained 
separated throughout  follow-up period

Bhatt DL, et al. N Engl J Med 2019;380;1.



Secondary endpoint

Key secondary end point: CV Death, 
nonfatal MI or nonfatal stroke

• RRR=26%, NNT=28

• CV event curv visually separate 
from placebo event curv before 2 
years and remained separated 
throughout follow up period

Bhatt DL, et al. N Engl J Med 2019;380;1.



Endpoints by achieved TG level at 1 year 
(<150 mg/dL or >=150 mg/dL)

Bhatt DL, et al. N Engl J Med 2019;380;1.



 Overall TEAES rates similar in Vascepa and placebo groups
 Higher in Vascepa vs PBO: Peripheral edema (6.5% vs 5.0% PBO, p= 0.02), constipation (5.4% vs 3.6% in PBO, p<0.001), atrial 

fibrillation/flutter (5.3% vs 3.9% , p=0.003)
 Higher in PO vs Vascepa : Diarrhea (11.9% vs 9.0% p=0.002)

 A larger percentage of patients in Vascepa than in PBO hospitalized for atrial fibrillation or flutter (tertiary endpoint ; 3.1% vs. 2.1%, p = 
0.004). Serious bleeding events in 2.7% in Vascepa vs 2.1% in the placebo group (P = 0.06).

Safety

Bhatt DL, et al. N Engl J Med 2019;380;1.



REDUCE-IT證實，併用EPA+statin之患者(CVD or 

DM)，能再額外降低25%心血管事件發生率

(1)N=8,179
(2)Patient type : w/ CVD or DM receiving statin & TG  135 ~ 499 mg/dl(Median TG 216 mg/dl)
(3)Treat EPA 4g/day 4.9years

November 10, 2018, at NEJM.org 



VITAL Trial
美國國家衛生研究院2012年開始進行Omega-3及D3對
於Cancer/CVD和其他疾病的Primary Prevention研究



Primary Aims

1) To test whether vitamin D3 and/or omega-3 fatty acids 

reduce risk of (a) major CVD events (composite of MI, 

stroke, CVD death), (b) total invasive cancer.

Secondary Aims

1) To test whether these agents lower risk of 

(a) MI/stroke/CVD death/PCI/CABG and (b) individual 

components of primary CVD outcome.

2) To test whether these agents lower risk of (a) site-specific 

cancer, (b) total cancer mortality.

3) Assess key subgroups, including age, sex, race/ethnicity, 

nutrient status at baseline.

VITAL Specific Aims



The VITamin D and OmegA-3 TriaL (VITAL):  Design

Median Treatment Period = 5.3 years.

5,106 African Americans.

Blood collection in ~16,953 at baseline, follow-up bloods in ~6000.

Vitamin D3

(2000 IU/d); N=12,927

Placebo

N=12,944

25,871 Initially Healthy Men and Women

*Primary Prevention*

(Men >50 yrs; Women >55 yrs)

Placebo

N=6464

EPA+DHA
(1 gm/d [1.3:1 ratio])

N=6470

Placebo

N=6474

EPA+DHA
(1 gm/d [1.3:1 ratio])

N=6463

Adapted from:  Manson JE, Bassuk SS, Lee I-M, et al. Cont Clinical Trials, 2011.





Omega-3s Placebo
(N=12,933) (N=12,938) HR (95% CI)

No. of Events

Cardiovascular disease 
(1and 2 outcomes)
Major CVD eventsa 386 419 0.92 (0.80-1.06)
Major CVD + PCI/CABGb 527 567 0.93 (0.82-1.04)
Total MI 145 200 0.72 (0.59-0.90)*
Total stroke 148 142 1.04 (0.83-1.31)
CVD mortality 142 148 0.96 (0.76-1.21)

Other vascular outcomesc 

PCI 162 208 0.78 (0.63-0.95)*
CABG 85 86 0.99 (0.73-1.33)  
Total CHDd 308 370 0.83 (0.71-0.97)*
CHD death 37 49 0.76 (0.49-1.16)
Fatal MI 13 26 0.50 (0.26-0.97)*

VITAL Trial 顯示N-3無法降低MACE，但可預防MI

aPrimary outcome.  A composite of MI, stroke and CVD mortality.   bExpanded CVD composite  
cNot prespecified as primary or secondary outcomes.   dA composite of MI, PCI/CABG, and CHD death.
All analyses are intention-to-treat. *Nominal p-value <0.05.  For MI, the nominal p-value was 0.003.





℞ Omega-3臨床試驗一覽及分析

 Secondary Prevention:     ≥ 1g N-3 by GISS-P & GISS-HF, 4g N-3 by REDUCE-IT

 Primary Prevention:         ≥ EPA 1.8g by JELIS

 2018年 VITAL，每日1g omega-3無法有效降低MACE，但於能預防心肌梗塞達28% 
(secondary end-point)

Primary Prevention Secondary Prevention

Non-DM DM MI HF

Low does
(1g N-3)

High dose
(>1g N-3)

Low does
(1g N-3)

High dose
(>1g N-3)

Low does
(1g N-3)

High dose
(>1g N-3)

Low does
(1g N-3)

High dose
(>1g N-3)

2012 
NEJM
2018
VITAL

2007 
JELIS

(1.8 g EPA)

2018
NEJM 

ASCEND
2018
VITAL

2007 
JELIS

(1.8g EPA)
2018 

Reduce-it
(4g EPA)

1999 
GISSI-P

2018 
Reduce-it

2008 
GISSI-HF

-



Emerging Therapy for Hypertriglyceridemia

Sandesara PH, et al. Endocr Rev. 2019;40(2):537-557.



2017 updated AHA Science Advisory 
Regarding OM3 Supplementation

Elagizi A, et al.Prog Cardiovasc Dis. 2018 ;61(1):76-85.



Ongoing Randomized Controlled Trials with 
Omega-3 Fatty Acids and CV Disease

Preston Mason R. Curr Atheroscler Rep 2019;21:2.



Grundy SM, et al. J Am Coll Cardiol. 2019;73(24):e285-e350.



Circulation 2019;140:00
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2017台灣血脂治療指引建議
DM患者TG<150mg/dl
ACS/CAD患者應TG<200mg/dl

Acute coronary syndrome (ACS)

Stable coronary artery disease (CAD)
Non-HDL-C < 100 mg/dL can be the secondary 

target in patients with TG  200 mg/dL.

Diabetes mellitus (DM)
TG < 150 mg/dL and HDL-C > 40 mg/dL in men 

and >50 mg/dL in women should be the secondary 

target after the LDL-C target has been achieved.



Recommendation 

 Increased TG may be a risk factor of recurrent CV events after ACS. 
(COR IIa, LOE B)

 Non-HDL-C < 100 mg/dL can be the secondary target in patients with 
TG ≥ 200 mg/dL. (COR I, LOE B)

 TG-lowering therapy is necessary in patients with TG ≥ 500 mg/dL to 
prevent pancreatitis. (COR I, LOE B)

Recommendation 

 Omega-3 fatty acid is indicated for the treatment of very high TG 
(≥500 mg/dL). (COR IIa, LOE B) 

 EPA and DHA are recommended for patients with coronary heart 
disease and hypertriglyceridemia. (COR IIa, LOE B) 

Li YH, et al. J Formos Med Assoc. 2017;116(4):217-248.

2017 Taiwan Lipid Guideline for 
High Risk Patients



Patients Who May Benefit from  Omega‐3 FA

Elagizi A, et al.Prog Cardiovasc Dis. 2018 ;61(1):76-85.



Take Home Message

 The potential role of Omega-3 polyunsaturated fatty acids (OM3) in 
reducing cardiovascular (CV) disease (CVD) and CVD events has 
been studied for decades.

 Treatment with omega-3 PUFA supplements is reasonable for 
secondary prevention of the patients with previous CV disease and 
a potential modest reduction in CHD mortality (10%) in this clinical 
population with a relatively safe therapy.

 Omega-3 could be benefit for patients with reduced heart failure to 
reduce mortality and hospitalizations (9%) on the basis of a single, 
large RCT.

 Omega-3 should not be used for patients with diabetes mellitus and 
prediabetes to prevent CHD, there was a lack of consensus on the 
recommendation for patients at high CVD risk and to prevent 
incident stroke among patients at high CVD risk and recurrent AF.



Thank You for Your Attention!



攝取足夠的Omega-3的方法?



Ways to Get 1 g/d EPA+DHA

 Fish

 2–3 oz salmon, sardines, mackerel per day

 Dietary Supplements

 Low Potency: 300 mg EPA+DHA/g
(Typical drug store capsules; 3 g/d)

 Mid Potency: 500–700 mg EPA+DHA/g
(Mail-order, online, etc; 2 g/d)

 Drugs

 High Potency: 850 mg EPA+DHA/g
(Omega-3 acid ethyl esters; 1 g/d)

 Cod Liver Oil

 1 tsp (RDA for vitamin D; 2 RDA for vitamin A)



Omacor
是否能與抗凝血劑並用?



仿單未列禁忌(表示可並用)



2013年有發表一篇關於心臟裝支架患者 , 
拿Omacor並用抗凝血劑的臨床試驗



研究顯示Omacor與Aspirin/Plavix並用不
會延長出血時間



Am J Cardiol 2006;98[suppl]:71i–76i

Review Paper載明
過往臨床試驗皆未發現有出血副作用



仿單有寫到肝指數上升？
所以會傷肝?



仿單講到的肝指數上升為在臨床實驗有出現的案
例，但比例並未超過3%及高於安慰劑組



Am J Cardiol 2006;98[suppl]:71i–76i

Review Paper載明
過往臨床試驗皆未發現有肝副作用



和Fibrate一對一的比較中，Fibrate反而會明顯
增加肝指數，而OMACOR不會
–怕傷肝更應該以Omacor代Lipanthyl!!!



是否會增加LDL



Liver

VLDL

Muscle and adipose tissue

Lipase

IDL

Fatty acids

Bloodstream

LDL

receptor

Hepatocyte

LDL

Increase in LPL activity

Lipoprotein lipase
POM-3

Omega-3同Fibrate因會促進VLDL代謝成LDL
，故會短暫增加LDL血中濃度



Atherosclerosis 153 (2000) 129–138

OMACOR和Fibrate都是上升大顆粒
LDL ; 反而使較危險的sd-LDL下降

LDL 1~3是大顆粒 ; 4~5是小顆粒



in a reanalysis of COMBOS

對於已服用Statin之患者 , Omacor只有在LDL低於
80mg/dl , 才會些微增加LDL , 而LDL原本高於

80mg/dl患者 , 並不會額外增加

Maki et al. Am J Cardiol 2010;105:1409 –1412

<80.4 mg/dl > or =99.0 mg/dl



79mg/dl➔103mg/dl

126mg/dl➔141mg/dl

138mg/dl➔177mg/dl

Ref : Drugs 2009; 69(8): 1077-1106

過往臨床試驗顯示 , 單純HTG患者
服用OMACOR後 , 不會讓LDL超標(160mg/dl)



Ref : Drugs 2009; 69(8): 1077-1106

已服用Statin的患者
服用Omacor前後不會額外增加LDL
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