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Learning Objectives

• At the end of this lectures, participants will be able to:
• Recognize the Lipid Metabolism.

• Understand the pathogenesis of hypertriglyceridemia on Pancreatitis and CVD risk.

• Recognize the primary and secondary causes of hypertriglyceridemia.

• Understand the treatment for hypertriglyceridemia-based pancreatitis or 
cardiovascular risk.

• Recognize and understand the use of  Omega 3 on hypertriglyceridemia. 
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1. Miller M, Stone NJ, Ballantyne C, et al. Triglycerides and cardiovascular disease: a scientific statement from the American Heart Association. 
Circulation. 2011;123(20):2292-2333.  2. Grundy SM. Atlas of atherosclerosis and metabolic syndrome. Chapters 4 and 5.  4th edition.  Current 
Medicine LLC. 2005.
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Normal Metabolism of TGRLp: 
Endogenous (Hepatic Origin)

Glycerol

Fatty 
Acids

Triglyceride

Cholesteryl ester

VLDL
TG:CE = 5:1

Apo B

Apo, apolipoprotein; VLDL, very low-density lipoprotein; CE, cholesteryl ester

Kwiterovich PO.  Johns Hopkins Textbook of Dyslipidemia. 2009.;  Miller M, et al. Circulation. 2011;123:2292-2333.;  Grundy SM. Atlas of 
atherosclerosis and metabolic syndrome. 2005.

TG within VLDL:
• derived from glycerol + fatty acids from plasma
• newly synthesized in the liver (fructose driven)
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Normal Plasma Metabolism of TGRLp: 
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LDL

Normal 
Size 

VLDL

• LDL receptor  
clears VLDL 
remnants, IDL & 
LDL

IDL, intermediate-density lipoproteins; LDL, low-density lipoprotein
Kwiterovich PO.  Johns Hopkins Textbook of Dyslipidemia. 2009.  Miller M, et al. Circulation. 2011;123:2292-2333.  Grundy SM. Atlas of 
atherosclerosis and metabolic syndrome. 2005.



HTG by Age, Sex and Ethicity
(US National Health & Nutrition Examination Survey—NHANES, 1999-2008)

Miller M, et al. Circulation. 2011;123:2292-333.
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J Clin Endocrinol Metab, September 2012, 
97(9):2969–2989

Journal of Clinical Lipidology 
(2015) 1933-2874 



Pancreatitis vs HTG

• HTG is the 3rd biggest 
cause of acute 
pancreatitis (~10%) 
after alcohol & 
gallstones1,2

• Acute pancreatitis risk 
↑4%/100 mg/dL ↑ 
TG* (HR, 1.04)3

10

*After adjustment for covariates and removal of patients hospitalized for gallstones, chronic pancreatitis, alcohol-related morbidities, renal 
failure, and other biliary disease.

1. Cybulska B, Klosiewicz-Latoszek L. Kardiol Pol. 2013;71(10):1007-1012; 2. Miller M et al. Circulation. 2011;123(20):2292-2333; 3. Murphy 
M et al. JAMA Intern Med. 2013;173(2):162-164. N=n=31,740, 31,887 and 3,642 for 3 TG strata w/ cutpoints 150 and 500 mg/dL
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Mechanisms of Chylomicron-Induced Acute 
Pancreatitis*

Acute Pancreatitis
* Proposed mechanisms. LPL, lipoprotein lipase; FFA = free fatty acids.
After Gan SI, et al. World J Gastroenterol. 2006;12:7197-7202.

Impaired pancreatic capillary 

blood flow

Leak of pancreatic lipase 

causes

↑ production of FFA

Ischemia Inflammation

Pancreatic acinar cell injury

Excess Large, TG-Rich Chylomicrons
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Increasing TG Levels Increases CVD 
and All-cause Mortality

Hazard ratios were estimated by Cox proportional hazard regression models, and were adjusted for age, sex, and trial group.

Nordestgaard BG et al. Lancet. 2014;384:626-35.

Copenhagen City Heart Study and Copenhagen General Population Study

89 177 266 354 443 531 620

Non-fasting triglycerides (mg/dL)

89 177 266 354 443 531 620

Non-fasting triglycerides (mg/dL)

Myocardial Infarction
N=96,394 (events=3287); Median follow-up 6 years

Ischemic heart disease
N=93,410 (events=7183); Median follow-up 6 years
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All-cause mortality
N=98,515 (events=14,547); Median follow-up 6 years

Ischemic stroke
N=97,442 (events=2994); Median follow-up 6 years
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(CETP = cholesterol ester transfer protein)

(+/- Fatty

Liver) ↑Chylo 
(VLDL)

TG

TG

CE

CE

CETP

CETP HDL

Hepatic 

Lipase

Kidneys

Rapid Loss

of Apo A-I

HDL & A-I

SD

LDL

LDL size

LDL oxidation

Non-HDL & Apo B

TG

TGRLp-C

Moderate LPL deficiency causes ↑↑ chylo (& VLDL) remnant cholesterol 
leading to ↑↑atherogenicity (even w/ normal VLDL synth & normal fat intake)

“Atherogenic Dyslip.”
1. CE-rich TGLp remn
2. SD LDL/↑LDL-P
3. ↓HDL-C & Apo A-I

FFA/TG

and

Fructose

(glucose)

Hepatic 
Lipase

Causes and Atherogenic Consequences 
of Severe HTG/Chylomicronemia

Central

Adiposity

LDL

SD

HDL

1

3

2

FFA/TG

+/-↑VLDL Synth

Retrieved from: Brinton 
Eliot, Cream of Tomato 
Soup" Blood: What's the 
Skinny on FCS and Other 
Chylomicronemic States, 
NLA;Feb/25/2017



Mechanisms of Remnant Lipoprotein 
Atherogenicity

After McPherson R. J Am Coll Cardiol. 2013;61:437-439 

and Wang L J Lipid Res. 2009;50;204-213

Cholesterol-rich 
remnant  
Lipoprotein (RLP)

CETP & LPL

Dysfunctional 
Endothelium
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Soup" Blood: What's the 
Skinny on FCS and Other 
Chylomicronemic States, 
NLA;Feb/25/2017



MANAGEMENT



PATIENT # 1 PATIENT # 2



Grundy SM, et al.
2018 Cholesterol Clinical Practice Guidelines 





HEREDITARY CAUSES OF 
HYPERTRIGLYCERIDEMIA

• Primary hypertriglyceridemia
• Familial Combined Hyperlipidemia (FCHL)

• Familial Hypertriglyceridemia (FHTG)

• Familial Dysbetalipoproteinemia (Type III)

• Familial Chylomicronemia (Type I)

• Familial Hypoalphalipoproteinemia (FHA)



Tuberoeruptive Xanthomata



Lactescent Blood and Plasma 
in Hyperchylomicronemia

-----Unspun------ --------Spun-------

---------------Whole blood--------------

TG       16,713      385                   16,713        385
(mg/dL) 

Bastick, AN. Intl J Clinical Med, 2012, 3, 225-228.



MANAGEMENT

• Lifestyle modifications is mandatory!!!

• Diet
• Reduction of carbohydrates, especially high glycemic and high 

fructose foods.
• Hypocaloric diet with a goal of weight loss
• The diet should restrict consumption of high 

glycemic index/load foods as well as refined sugars, fruit juices, and 
high fructose beverages

• Alcohol
• No more than 2 drinks per day: men
• No more than 1 drink per day: women



Journal of Clinical 
Lipidology, Vol 9, No 
6S, December 2015





Moderate 
Hypertriglyceridemia



MODERATE HYPERTRIGLYCERIDEMIA 
200-999 ng/dL
• 3.3.”We recommend that the treatment goal for patients with 

moderate hypertriglyceridemia be a non-HDL cholesterol level in 
agreement with NCEP ATP guidelines”

J Clin Endocrinol Metab, September 2012, 
97(9):2969–2989



What is Non-HDL-C?

27

HDL LDL IDL VLDL Chylomicron remnant

Apo AI Apo B100 Apo B100 Apo B Apo B48

Cholesterol

Triglyceride

All atherogenic lipoproteins

non-HDL

Non-HDL-C = Total cholesterol – HDL-C



Liu J, et al. Am J Cardiol. 2006;98:1363-1368. (Framingham Study)
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Non–HDL-C Is Much Stronger 
than LDL-C in Predicting CHD Risk



LDL-C Goal            Non–HDL-C Goal
Patient Category (mg/dL)                (mg/dL)
CVD (DM+MRF?) <70 <100

FRS >20%, CHD-RE <100 <130 

FRS 5-20%, 2+ RFs  <130 <160

No CHD, 0-1 RFs <160 <190

Whenever TG > 200 mg/dL:
1. Non-HDL-C = Total C – HDL-C (all atherogenic lip)
2. Non-HDL-C goal = LDL-C goal + 30:

RF= CVD risk factors.
Adapted from ATP-III. JAMA. 2001;285:2486-2497; Grundy SM et al. Circulation. 2004;110:227-239.
The National Lipid Association reaffirmed similar lipid goals. Jacobson, T. J Clin Lipid. 2014;8:473–488.

Non-HDL-C: A Neglected 
CVD Risk Factor/Rx Goal



Moderate Hypertriglyceridemia
200-500 ng/dL

• Therefore, if an adult patient with moderate hypertriglyceridemia has 
poorly controlled major risk factors for ASCVD and a 10-year risk of 
ASCVD ≥7.5% by the PCE, it is reasonable to either initiate or intensify 
statin therapy

Grundy SM, et al.
2018 Cholesterol Clinical Practice 
Guidelines 



Moderate Hypertriglyceridemia
175-499 ng/dL

• 10.27 “ In adults with moderate hypertriglyceridemia (fasting or non-
fasting triglycerides 175–499 mg/dL), clinicians should address and 
treat lifestyle factors (obesity and metabolic syndrome), secondary 
factors (diabetes, chronic liver or kidney disease and/or nephrotic 
syndrome, hypothyroidism), and medications that raise triglycerides” 

Diabetes Care Volume 42, Supplement 1, 
January 2019



TG Lowering Medications:  
When? Which?



TG reduction values are not always corrected for baseline TG levels.  Given that the greatest 

reduction in TG levels occur in those with the highest TG levels at baseline, this may not be a 

fair assessment of the TG-lowering effect of lipid-altering drugs in HTG patients.

TG-Lowering Effect by Drug Class

Drug TG Reduction

Fibrates 30% – 50%

Omega-3 20% – 50%

Immediate-release niacin 20% – 50%

Extended-release niacin 10% – 30%

Statins 10% – 30%

Ezetimibe 5% – 10%

Miller M et al. Circulation. 2011;123:2292-333.



Journal of Clinical Lipidology (2017) 11, 872–879



Regular dose Reduced dose* Brand Name

200 67** Lofibra®

160 54/50 Lofibra®/Triglide®

150 50 Lipofen®

145 48 Tricor®

135 45 Trilipix®***

130 43 Antara®

120 40 Fenoglide®

90 30 Antara®

Fenofibrate Formulations: 
Available Fenofibrate Doses (mg/day)

*primarily for renal or geriatric patients
** also available at 134 mg
***fenofibric acid
(See FDA-approved prescribing information for further details)



Fibrates Mechanism of Action

Decrease VLDL synthesis

• PPAR alpha activation for 
stimulation of beta oxidation of 
fatty acids

Increasing clearance TGs rich 
lipoproteins

• PPAR alpha activation of the 
peripheral lipoprotein lipase

• Also PPAR alpha activation 
promotes apo-CIII inhibition. 





FIELD: Primary Endpoint

5.2%

5.9%

0%

2%

4%

6%

Fenofibrate Placebo

• The primary composite 
endpoint of CHD death or 
non-fatal MI was not 
significantly lower in the 
fenofibrate group 
compared to the placebo 
group.  

Composite CHD death or nonfatal MI at 5 Years
(% of treatment arm)

p=0.16

The FIELD study investigators. Effects of long-term fenofibrate therapy on cardiovascular events in 9795 people with 
type 2 diabetes mellitus (the FIELD study): randomised controlled trial. Lancet. 2005.366:1849-1861



ACCORD-Lipid: Entire ASCVD Benefit w/ 
Fenofibrate in HTG/Low HDL-C
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28.6%

RRR

P = 0.057

Ginsberg HN for the ACCORD Study Group. N Engl J Med. 2010;362:1563-74. Prespecified analysis.
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Fibrates Reduce CHD Risk ~35% 
in Patients with High TG and Low HDL-C

A meta-analysis of randomized fibrate trials

A Subjects with Dyslipidemia B Complementary Subgroups Without Dyslipidemia

“With Dyslipidemia”= TG ≥ 204mg/dL and HDL-C ≤ 34mg/dL

After Sacks FM, Carey VJ, Fruchart JC. N Engl J Med. 2010;363(7):692-694. Copyright © 2010 Massachusetts Medical Society.

B Subjects without Dyslipidemia



HELSINSKY HEART 
STUDY

5 year trial that tested efficacy of 
gemfibrozil for decreasing the risk of 
coronary artery disease in 
hypercholesterolemia men without 
coronary artery disease

The study involved men (40 to 55 years of 
age) with a non-HDL level > 200 mg/dL 
(242)

Gemfibrozil was associated with a 34% 
reduction in coronary artery events

41Frick et al. N Engl J Med 1987; 317:1237-1245





Gemfibrozil 
Safety

• Fenofibrate resulted in a 15 times lower rhabdomyolysis rate than did 
gemfibrozil

Circulation. 2014;129[suppl2]:S1:S45.
J Clin Lipid. 2014;(3 Suppl):S30-46



Gemfibrozil

44





NIACIN

• Niacin decreases TG by 
inhibiting diacylglycerol 
acyltransferase 2.

• An enzyme that catalyzes 
the formation of TG from 
diacylglycerol and acyl-
CoA.

• Also inhibits the lipolysis  
and subsequent release of 
TG into the circulation.

46



N Engl J Med 2011;365:2255-67. 



N Engl J Med 2011;365:2255-67. 



OMEGA-3 FATTY ACIDS





Omega 3 

Generic Name Omega-3-ethyl-esters Icosapent ethyl

Brand Name Lovaza or Omacor Vascepa

EPA/capsule 0.465 g 1 g

DHA/capusle 0.375 g none

Daily Dose 4 capsules/day 4 capsules/day



Backes et. Al Lipids in Health and 
Disease201615:118

PPAR alpha

SREBP-1C



GISSI-P1-2 ORIGIN3 JELIS4

Om-3 
Type/dose

EPA/DHA

1 g/day2
EPA/DHA

1 g/day
EPA

1.8 g/day
Population Italian International Japanese

N 11,324 12,536 18,645

Gender 85% male 65% male 31% male

Risk 
Profile

Recent MI (≤3 mos; 
median 16 days)

High CV risk, and 
IFG, IGT, or T2DM

80% 1o prev; TC ≥6.5 mM; 
excl MI ≤6 mos prior

Follow-up 3.5 years 6.2 years (median) 4.6 years (mean)

Statin Use Minimal
53% in n-3 FA arm, 

55% in pbo arm
All on statins

(simva or pravastatin)

Primary 
End Point

All-cause death, non-
fatal MI, NF stroke

Death from CV 
causes

MACE

Result
RRR 10% (P=0.048)/ 

15% (P=0.023)
HR=0.98

P=0.72
RRR 19% (no minimum 

TG level) P=0.011

LDL-C
2%–3% >control 

groups
12% both arms

25% in both groups 
(w/ statin)

Selected Om-3 CVD Outcome Studies

excl=excluded; GISSI= Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico; IFG=impaired fasting glucose; IGT=impaired glucose 

tolerance; MACE=major adverse cardiac event; mos=months; ORIGIN=Outcome Reduction with an Initial Glargine Intervention; pbo=placebo; 

prev=prevention; REDUCE-IT=Reduction of Cardiovascular Events with EPA-Intervention Trial; RR=relative risk; RRR=relative risk reduction. 

1. GISSI-Prevenzione Investigators. Lancet. 1999;354:447-55. 2. www.trialresultscenter.org/study4440-GISSI-P.htm. 

3. ORIGIN Investigators. N Engl J Med. 2012;367:309-18. 4. Yokoyama M et al. Lancet. 2007;369:1090-8. 

5. http://www.clinicaltrials.gov.

Low-dose Om-3 doesn’t ↓CVD in statin-era. Mid-dose Om-3 does ↓CVD



No. at Risk

Control

EPA

0 1 4 5 Years

9319 8931 8671 8433 8192 7958

9326 8929 8658 8389 8153 7924
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P=0.011

EPA

Control3

2

1

0

HR (95% CI): 0.81 (0.69–0.95) 

↓Major Coronary Events 
with Pure EPA Added to Statins
(JELIS: similar benefit in 1o and 2o Prevention)

↓

2 3

N=18,645. EPA=eicosapentaenoic acid; JELIS=Japan EPA Lipid 

Intervention Study. 

Yokoyama M et al. Lancet. 2007;369:1090-8.

–19%

Pure EPA 1.8  g/d























Choice of Prescription Om-3
EE EPA+DHA* EE EPA only**

Available? Yes (generic) Yes (branded only)

EPA/DHA (total) 55/45 (84%) 100/0 (98%)

Bioavailability
(short-term)

Good Good

Regimen 2 g bid w/ meals 2 g bid w/ meals

Tolerability issues
Fishy taste & eruct, 

dyspepsia 
Arthralgia only

TG-lowering +++ +++

LDL-C effects ↑↑ (~45%) ± (no ↑)

HDL-C effects ↑ (5-10%) ± (no ↑)

↓CVD?
Not at 1g/d, 

no ongoing trials
Probably (JELIS) + 

REDUCE IT

*Lovaza PI. Davidson MH et al Clin Ther 2007;29:1354–1367. ORIGIN Investigators. N Engl J Med. 
2012;367:309-18. 4. Risk & Prevention Investigators N Engl J Med 2013;358:1800-8.
**Vascepa PI. Yokoyama M et al. Lancet. 2007;369:1090-8. Bays HE, et al. Am J Cardiol. 2011;108:682-90.
Ballantyne CM et al Am J Cardiol 2012;110:984-992.
***Epanova PI. Davidson MH, J Clin Lipidology, 2012, 6:573. Offman E, Vasc Health Risk Manag. 2013; 9; 
563–573. Kastelein, JJP; J Clin Lip 2013 epub 10 Oct. . Maki KC et al Clin Ther 2013;35:1400–1411.

Caveat: none of these comparisons are based on head-to-head data!





TG Lowering Medications:  
When? Which?
If TG > 500: treat to prevent pancreatitis (& ASCVD)
If TG 200-500: consider treating to prevent ASCVD

Drug/class ↓Triglycerides

Fibrates 20-50%

Niacin 20-50%

Omega-3 oil (EPA +/- DHA (FFA or EE)  

(pharmacologic doses)

10-45%

Statins 7-30%

Ezetimibe 1-9%

After:
Expert Panel of Detection, Evaluation & Treatment of High Blood Cholesterol in Adults. JAMA 2001: 285: 2486-97. 
Robinson JG, Stone NJ. Am J Cardiol 2006; 98(suppl):39i-49i.
Robinson JG, Davidson MH.  Expert Rev Cardiovasc Ther 2006; 4: 461-76.
Briel M, et al.  BMJ 2009: 338:b92

“TG-Lowering”

1o for >500

2o for 200-500

1o for 200-500

2o for >500



Severe
Hypertriglyceridemia



Chylomicronemia Management 
(FCS>>MFSHTG)

Lifelong Dietary Restrictions

Very-low added-sugar (<100/150 calories, or ~≤7% of energy) 

Extremely low-fat diet (≤15-20% of energy)

Complete Avoidance of Alcohol

Although difficult, these dietary therapies 
will ↓TG and can ↓clinical manifestations1-6

• ↓Frequency of eruptive xanthomas

• ↓Risk of acute & chronic pancreatitis1-5

• ↓Other abdominal pain

• ↓Hepatosplenomegaly

• ↓Peripheral neuropathy, CNS abnormalities

Adapted from: 1. Brahm AJ, Hegele RA. Chylomicronaemia—current diagnosis and future therapies. Nat Rev Endocrinol. 2015;11:352-362. 
doi:10.1038/nrendo.2015.26; 2. Jacobson TA, Ito MK, Maki KC, et al. National lipid association recommendations for patient-centered management of 
dyslipidemia: part 1—full report. J Clin Lipidol. 2015;9(2):129-169. doi:10.1016/j.jacl.2015.02.003; 3. The physician’s guide to lipoprotein lipase 
deficiency (LPLD). National Organization for Rare Disorders Physician Guides website. http://nordphysicianguides.org/wp-
content/uploads/2015/04/NORD_Physician%E2%80%99s-Guide-to-Lipoprotein-Lipase-Deficiency.pdf. Published 2015. Accessed May 5, 2016; 4. 
Rahalkar AR, Hegele RA. Monogenic pediatric dyslipidemias: classification, genetics and clinical spectrum. Mol Genet Metab. 2008;93(3):282-294. 
doi:10.1016/j.ymgme.2007.10.007;  



T
ri

g
ly

c
e

ri
d

e
s

 (
m

g
/d

L
)

Study Day

176127999285715743291581

2500

2200

1300

0

1900

1600

1000

700

300

Patient #1 Patient #2 Patient #3

Apo C-III Anti-sense RNA (Volanesorsen) Ph-2 in FCS: 300 
mg Reduced Fasting Plasma TG Levels

70

Parameter
(mg/dL)

Patient 
No. Baseline

Primary 
Endpoint

Day 85

Change 
from 

Baseline

% Change 
from 

Baseline

Triglyceride

1 1,406 616.5 -789.5 -56%

2 2,083 287.5 -1,795.5 -86%

3 2,043 734.5 -1,308.5 -64%

TREATMENT PERIOD

= dose administered

Gaudet D, et al. N Engl J Med. 2014;371(23):2200-2206



Take on 
message

1. Always address for 
secondary causes

2. Lifestyle modifications for 
everyone

3. Choose medication 
according to the patient risk 
factors.



Summary

72

TG >1000

• Primary goal: Reduce pancreatitis first

• Medications : Fibrates > Omega 3> 
Niacin

TG 500-999 ng/dL

• Primary goal: Reduce pancreatitis first

• Statin is “OK”  if no history of 
pancreatitis

• Medications: Fibrates >Omega 3 > 
Niacin



Summary

• Primary goal: Reduce  ASCVD risk by reducing 
atherogenic lipoprotein burden

• Statins are preferred as initial therapy

• If non-HDL goals are not met, consider adding Omega-3 
FA or fibrate to statin therapy.

TG > 200-499

73



Questions?


