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Is triglyceride therapy worth the effort?
T riglyceride levels do matter. Not only 

are they a marker of risk of cardiovascular 
disease, they may be mechanistically linked to 
it. Although we still lack evidence that spe-
cifically lowering elevated triglyceride lev-
els reduces the risk of cardiovascular disease, 
the reason is that controlled trials have not 
yet been done. Such studies are under way to 
determine whether fish-oil-derived omega-3 
preparations added to statin therapy can re-
duce coronary heart disease risk in high-risk 
patients with hypertriglyceridemia.

 ■  POSSIBLY MECHANISTICALLY LINKED  
TO CORONARY HEART DISEASE

Hypertriglyceridemia does not cause athero-
sclerosis directly, but there is evidence that it 
is mechanistically linked to it. 
 While lipolysis of triglyceride-rich lipo-
proteins, chylomicrons, and very-low-density 
lipoprotein cholesterol serves as a mammali-
an source of energy, the cholesterol-enriched 
byproducts are atherogenic.1 The higher the 
triglyceride level, the greater the likelihood 
of accumulation of atherogenic remnant par-
ticles.2 A high-triglyceride state, defined as a 
fasting level greater than 200 mg/dL, is associ-
ated with several atherogenic factors:
• Higher levels of apolipoprotein C3-con-

taining particles, which promote inflam-
mation and insulin resistance3 

• A higher concentration of atherogenic 
low-density lipoprotein cholesterol (LDL-
C) particles4 

• Dysfunctional high-density lipoprotein 
cholesterol (HDL-C) particles.5

 In general, the risk of death from cardio-
vascular disease is 25% higher with triglycer-
ide levels above 200 mg/dL than with levels 
below 150 mg/dL.6 Hypertriglyceridemic phe-
notypes, most notably dysbetalipoproteinemia 
and mixed hyperlipidemia, may be particularly 
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ABSTRACT
A scientific statement from the American Heart Asso-
ciation notes that triglyceride levels are an important 
biomarker of cardiovascular disease risk. Although as yet 
there is no evidence that lowering elevated triglyceride 
levels reduces cardiovascular risk, the statement recom-
mends that patients undertake weight loss and dietary 
changes if fasting levels exceed 150 mg/dL, and that the 
intensity of these lifestyle measures be increased with 
higher triglyceride levels. Aerobic activity at least twice 
a week is also encouraged. Drug therapy is indicated for 
levels exceeding 500 mg/dL because of an association 
with pancreatitis.

KEY POINTS
Triglycerides are an excellent marker of coronary heart 
disease risk and should be treated when fasting levels 
exceed 150 mg/dL. 

The cornerstone of therapy for triglyceride levels up to 
500 mg/dL is intensive lifestyle therapy aimed at reducing 
excess weight through diet and aerobic activity. 

Drug therapy with fibrates, niacin, and omega-3 fatty 
acids is indicated for levels exceeding 500 mg/dL because 
of concern related to pancreatitis risk. 

It remains to be established whether lowering elevated 
triglyceride levels in patients with coronary heart disease 
or at risk of it will translate into clinical benefit. However, 
two studies are under way.

EDUCATIONAL OBJECTIVE: Readers will appraise their patients’ need for lifestyle changes and drug therapy 
to control triglyceride levels to currently recommended ranges CREDIT
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atherogenic in the presence of other risk fac-
tors for cardiovascular disease.7

 ■ LOW LEVELS ARE BEST

In US adults, the mean age-adjusted triglyc-
eride level is 128 mg/dL in men and 110 mg/
dL in women.1 Currently, a “desirable” fasting 
level is less than 150 mg/dL, with borderline-
high levels between 150 and 199 mg/dL. In its 
2011 scientific statement on triglycerides and 
cardiovascular disease,1 the American Heart 
Association defined a fasting triglyceride level 
of less than 100 mg/dL as “optimal” in order to 
define a metric of metabolic health. 
 Supporting the concept that low levels are 
best, a study of 1,962 middle-aged Norwegian 
men found that the risk of incident diabetes 
over a 7-year period was 2.6 times lower in the 
lowest triglyceride tertile (mean 69 mg/dL) 
compared with levels in higher tertiles (mean 
177 mg/dL).8

 Moreover, in contrast to the atherogenic 
phenotype of combined or mixed hyperlipid-
emia, levels below 100 mg/dL seem to pose 
a low risk of cardiovascular disease as seen 
in studies of hunter-gatherer populations.9 
Recent genetic studies have extended these 
findings: specifically, mutations in the gene 
encoding apolipoprotein C3 (APOC3) have 
been associated with fasting triglyceride levels 
less than 100 mg/dL, reduced coronary calci-
fication,10 and decreased risk of cardiovascular 
disease.11,12

 The Baltimore Coronary Observational 
Long-term Study observed a 50% lower rate of 
recurrent coronary heart disease events in pa-
tients whose baseline triglyceride level was less 
than 100 mg/dL compared with higher levels.13 
In the Copenhagen Heart Study,14 levels in the 
lowest quartile (< 89 mg/dL) were associated 
with a 41% lower risk of all-cause mortality com-
pared with the highest quartile (> 265 mg/dL).
 The Framingham Offspring Study15 re-
cently reported that an isolated low level of 
HDL-C—ie, below the median of less than 
42 mg/dL in men and less than 54 mg/dL in 
women—was associated with a very low risk 
of incident coronary heart disease when ac-
companied by a triglyceride level below 100 
mg/dL and an LDL-C level below 100 mg/
dL. However, at higher levels of triglyceride 

and LDL-C, the risk of myocardial infarc-
tion or death from cardiovascular disease was 
more than twice as high after adjustment for 
other covariates.15 This raises the possibil-
ity that “isolated” low HDL-C itself is not an 
atherogenic lipoprotein phenotype, but rather 
requires other triggers (eg, an increase in tri-
glyceride-rich and LDL-C particles) to drive 
the process.

 ■ WHERE DO TRIGLYCERIDES FIT 
IN THE NEW CHOLESTEROL GUIDELINES?

The 2013 joint guidelines of the American 
College of Cardiology and the American 
Heart Association on the treatment of blood 
cholesterol16 provide evidenced-based recom-
mendations from randomized clinical trials. 
While they recommend measuring the fasting 
triglyceride level if nonfasting levels exceed 
500 mg/dL, there are no recommendations for 
triglyceride-lowering therapies unless fasting 
levels exceed 500 mg/dL. 
 This in no way implies that lowering tri-
glyceride levels may not be beneficial when 
levels are below 500 mg/dL; rather, it stems 
from a lack of clinical trials designed to ad-
dress this issue. That is, studies of triglyceride-
lowering therapies such as niacin, fibrates, and 
omega-3 fatty acids from fish oil have focused 
on patients who did not have hypertriglyceri-
demia (mean triglyceride levels were less than 
200 mg/dL). Yet in subgroup analyses of pa-
tients with triglyceride levels greater than 200 

The higher 
the triglyceride 
level, the more 
likely that 
atherogenic 
remnant 
particles will 
accumulate

Studies discussed in this article

ACCORD—Action to Control Cardiovascular Risk in Diabetes trial 
and the Atherothrombosis Intervention in Metabolic Syndrome With 
Low HDL/High Triglycerides: Impact on Global Health Outcomes17,19

COLTS—Baltimore Coronary Observational Long-term Study13

Copenhagen Heart Study14

Framingham Offspring Study15

PROVE IT-TIMI 22—Pravastatin or Atorvastatin Evaluation and 
Infection Therapy–Thrombolysis in Myocardial Infarction 2222

REDUCE-IT—Reduction of Cardiovascular Events With EPA Inter-
vention Trial24

STRENGTH—Study to Assess Statin Residual Risk Reduction With 
Epanova in High Cardiovascular Risk Patients With Hypertriglyceridemia25
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mg/dL or in the upper tertile (often in associa-
tion with low levels of HDL-C), either a trend 
toward or a statistically significant reduced 
risk of cardiovascular disease was observed.17–19 
 Until results of ongoing randomized con-
trolled trials dictate otherwise, it may be rea-
sonable to consider drug therapy in patients 
at high risk (eg, those with preexisting cardio-
vascular disease) whose levels may be insuf-
ficiently responsive to lifestyle measures (see 
discussion below) after the risks of treatment 
are weighed against the possible benefits.

 ■ WHAT HAPPENED TO THE ATP III TARGETS?

In 2002, the Third Adult Treatment Panel 
recommended that if triglyceride levels were 
higher than 200 mg/dL, non-HDL cholesterol 
should become a secondary target of therapy.20 
What happened to this recommendation? 
 The writing committee of the 2013 Amer-
ican College of Cardiology/American Heart 
Association cholesterol guidelines based its 
recommendations on clinical evidence avail-
able from randomized controlled trials.16 Un-
fortunately, neither LDL-C nor non-HDL-C 
targets were the primary or secondary variables 
of interest when the available trials were de-
signed. Still, aggregate data over the past sev-
eral decades, combined with our knowledge 
of the pathophysiology of both LDL-C and 
triglyceride-rich lipoproteins (ie, remnants), 
indicate that non-HDL-C levels predict the 
risk of cardiovascular disease.21 
 Moreover, a post hoc analysis of the 
PROVE IT-TIMI 22 trial demonstrated resid-
ual cardiovascular disease risk in hypertriglyc-
eridemic patients after an acute coronary syn-
drome event even though the patients were 
currently on statin therapy at the time.22 
 In addition, the ACCORD study also re-
ported a reduction in cardiovascular disease 
risk in hypertriglyceridemic patients with low 
HDL-C assigned to triglyceride-lowering in 
addition to statin therapy.17,19

 Finally, data from two large US health care 
databases of more than 40,000 adults with tri-
glyceride levels above 500 mg/dL at baseline 
found that patients who had triglyceride levels 
lower than 200 mg/dL at follow-up had lower 
rates of pancreatitis and coronary heart dis-
ease events.23

 ■ DOES ADDING TO STATIN THERAPY 
HAVE LONG-TERM CLINICAL BENEFIT?

Two randomized clinical outcome trials are 
currently testing whether supplementing 
statin therapy in order to lower triglyceride 
levels is superior to statin therapy alone in 
reducing the risk of cardiovascular events in 
high-risk patients. 

REDUCE-IT
REDUCE-IT24 is studying whether AMR101 
(Vascepa), a purified ethyl ester of eicosa-
pentaenoic acid, reduces risk in patients with 
hypertriglyceridemia (with a baseline level of 
200 to 500 mg/dL) who have cardiovascular 
disease or are at high risk for it. However, a 
number of factors in this trial will make it dif-
ficult to separate out the clinical benefit di-
rectly related to triglyceride-lowering. These 
factors include associated beneficial effects of 
the treatment on LDL-C composition, HDL-
C remodeling, and remnant accumulation and 
clearance, as well as other potential benefits 
on cardiovascular disease risk independent of 
lipids and lipoproteins, such as inflammation. 
 Nevertheless, REDUCE-IT should provide 
valuable insight into whether this therapy 
may be clinically useful in these high-risk pa-
tients. Enrollment of 8,000 patients is nearing 
completion in this event-driven trial, with an 
anticipated median treatment and follow-up 
period of 4 years.24

STRENGTH
The STRENGTH study will enroll 13,000 pa-
tients with hypertriglyceridemia (200–500 mg/
dL) and low HDL-C to receive a fish-oil prepa-
ration or placebo. This large 5-year phase 3 out-
comes study began enrollment in late 2014.25

 ■ WHAT IS THE RISK OF PANCREATITIS 
FROM ELEVATED TRIGLYCERIDES?

The premise of screening for very high triglyc-
eride levels (> 500 mg/dL) in the new cho-
lesterol guidelines and superimposed on the 
2011 American Heart Association scientific 
statement on triglycerides and cardiovascular 
disease is the concern that very high levels 
predict pancreatitis. The risk of pancreatitis 
increases as triglyceride levels exceed 1,000 
mg/dL, with an approximate overall risk of 
20%.26

Intensive life-
style therapy 
can reduce 
triglyceride 
levels by 30% 
to 50%, 
and by more 
in some cases
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 While there is no absolute proof that 
treating chylomicronemia reduces the risk of 
pancreatitis, ample data from case series show 
that strategies aimed at reducing plasma tri-
glyceride concentrations are also effective in 
reducing the risk of pancreatitis.27 Conversely, 
patients with previous triglyceride-induced 
pancreatitis unquestionably have recurrent 
episodes of pancreatitis when they develop se-
vere chylomicronemia. The American Heart 
Association scientific statement provides a 
list of other factors, including metabolic con-
ditions and medications, associated with in-
creased risk of pancreatitis.1

 ■ WHAT ARE THE RECOMMENDATIONS 
FOR VERY HIGH TRIGLYCERIDES?

Both the American College of Cardiol-
ogy/American Heart Association cholesterol 
guidelines16 and the 2011 American Heart 
Association statement1 reserve pharmacologic 
therapy for very high triglyceride levels, de-
fined as 500 mg/dL or higher. 
 While lifestyle recommendations are still 
an important part of therapy (TABLE 1), ge-
netically induced hypertriglyceridemia may 
not respond as well to diet, exercise, and fish 
oil. In addition to statin therapy, if there is 
concomitant cardiovascular disease or dia-
betes, primary triglyceride-lowering thera-
pies include fibrates (which lower triglyc-
erides 30% to 50%), niacin (20%–50%) 
and omega-3 fatty acids (10%–40%)1 with 
eicosapentaenoic acid alone, docosahexa- 
enoic acid alone, or the two in combination.
 The focus of the American Heart As-
sociation statement was to intensify lifestyle 
therapies in patients with triglyceride levels 
between 200 and 500 mg/dL because weight 
loss, aerobic activity, and the addition of ma-

rine-derived polyunsaturated fatty acids can 
be very effective. The most important step is 
aimed at weight loss through combined calor-
ic restriction and energy expenditure, increas-
ing monounsaturated and polyunsaturated fat 
intake at the expense of less complex carbo-
hydrates, and adding marine-derived omega-3 
fatty acids. Intensive lifestyle therapy can re-
duce triglyceride levels by 30% to 50%, and by 
more in some cases.
 Of note, without weight loss, a Mediterra-
nean high-fat diet can aggravate hypertriglyc-
eridemia, especially in patients with fasting 
triglyceride concentrations above 500 mg/dL. 
This is particularly true for patients with ge-
netically induced states (eg, lipoprotein lipase 
deficiency) or other significant defects in chy-
lomicron clearance because olive oil and nut 
oils serve as excellent substrates for chylomi-
cron formation.	 ■

 ■ REFERENCES
 1. Miller M, Stone NJ, Ballantyne C, et al; American Heart Association 

Clinical Lipidology, Thrombosis, and Prevention Committee of the 
Council on Nutrition, Physical Activity, and Metabolism; Council on 
Arteriosclerosis, Thrombosis and Vascular Biology; Council on Cardio-
vascular Nursing; Council on the Kidney in Cardiovascular Disease.
Triglycerides and cardiovascular disease: a scientific statement from 
the American Heart Association. Circulation 2011; 123:2292–2333.

 2. Imke C, Rodriguez BL, Grove JS, et al. Are remnant-like particles in-
dependent predictors of coronary heart disease incidence? The Hono-
lulu Heart study. Arterioscler Thromb Vasc Biol 2005; 25:1718–1722.

 3. Kawakami A, Yoshida M. Apolipoprotein CIII links dyslipidemia with 
atherosclerosis. J Atheroscler Thromb 2009; 16:6–11.

 4. Cromwell WC, Otvos JD. Low-density lipoprotein particle number 

and risk for cardiovascular disease. Curr Atheroscler Rep 2004; 
6:381–387.

 5. Skeggs JW, Morton RE. LDL and HDL enriched in triglyceride promote 
abnormal cholesterol transport. J Lipid Res 2002; 43:1264–1274.

 6. Liu J, Zeng FF, Liu ZM, Zhang CX, Ling WH, Chen YM. Effects of blood 
triglycerides on cardiovascular and all-cause mortality: a systematic 
review and meta-analysis of 61 prospective studies. Lipids Health Dis 
2013; 12:159.

 7. Voors-Pette C, de Bruin TW. Excess coronary heart disease in familial 
combined hyperlipidemia, in relation to genetic factors and central 
obesity. Atherosclerosis 2001; 157:481–489.

 8. Skretteberg PT, Grytten AN, Gjertsen K, et al. Triglycerides-diabetes 
association in healthy middle-aged men: modified by physical fitness? 
A long term follow-up of 1962 Norwegian men in the Oslo Ischemia 

TABLE 1

Effect of lifestyle practices on triglycerides 

 
Lifestyle practice

Triglyceride- 
lowering effect

Weight loss (5%–10% of body weight) ≥  20% 

Aerobic activity ≥  20%

Add fish-oil-derived polyunsaturated fatty acids ≥  20%

Implement a monounsaturated fatty acid-enriched 
vs low-fat diet

10%–15%

Decrease carbohydrates (1% energy replacement 
with mono- and polyunsaturated fatty acids)

1%–2%

Eliminate trans fats 1%

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


166 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 82  • NUMBER 3  MARCH 2015

TRIGLYCERIDE THERAPY

Study. Diabetes Res Clin Pract 2013; 101:201–209.
9. Miller M. The epidemiology of triglyceride as a coronary artery dis-

ease risk factor. Clin Cardiol 1999; 22(suppl 6):II1–II6.
10. Pollin TI, Damcott CM, Shen H, et al. A null mutation in human 

APOC3 confers a favorable plasma lipid profile and apparent cardio-
protection. Science 2008; 322:1702–1705.

11. TG and HDL Working Group of the Exome Sequencing Project, 
National Heart, Lung, and Blood Institute; Crosby J, Peloso GM, Auer
PL, et al. Loss-of-function mutations in APOC3, triglycerides, and 
coronary disease. N Engl J Med 2014; 371:22–31.

12. Jørgensen AB, Frikke-Schmidt R, Nordestgaard BG, Tybjærg-Hansen
A. Loss-of-function mutations in APOC3 and risk of ischemic vascular
disease. N Engl J Med 2014; 371:32–41.

13. Miller M, Seidler A, Moalemi A, Pearson TA. Normal triglyceride 
levels and coronary artery disease events: the Baltimore Coronary Ob-
servational Long-Term Study. J Am Coll Cardiol 1998; 31:1252–1257.

14. Thomsen M, Varbo A, Tybjærg-Hansen A, Nordestgaard BG. Low 
nonfasting triglycerides and reduced all-cause mortality: a mendelian
randomization study. Clin Chem 2014; 60:737–746.

15. Miller M, Kim Y, Havas S, Kwiterovich PO, Fazio S. Does low HDL-C 
increase CHD risk when TG and LDL-C are normal? The Framingham 
Offspring Study. Presentation number 1278M-364A. J Am Coll Cardiol
2014; 63.

16. Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA guide-
line on the treatment of blood cholesterol to reduce atherosclerotic 
cardiovascular risk in adults: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guide-
lines. J Am Coll Cardiol 2014; 63:2889–2934. 

17. ACCORD Study Group; Ginsberg HN, Elam MB, Lovato LC, et al. Ef-
fects of combination lipid therapy in type 2 diabetes mellitus. N Engl
J Med 2010; 362:1563–1574. 

18. Sacks FM, Carey VJ, Fruchart JC. Combination lipid therapy in type 2
diabetes. N Engl J Med 2010; 363:692–694.

19. Guyton JR, Slee AE, Anderson T, et al. Relationship of lipoproteins 
to cardiovascular events: the AIM-HIGH Trial (Atherothrombosis 
Intervention in Metabolic Syndrome With Low HDL/High Triglycerides

and Impact on Global Health Outcomes). J Am Coll Cardiol 2013; 
62:1580–1584.

 20. Grundy SM, Becker D, Clark LT, et al. Third report of the National 
Cholesterol Education Program (NCEP) Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation 2002; 106:3143–3421.

 21. Liu J, Sempos CT, Donahue RP, Dorn J, Trevisan M, Grundy SM. Non-
high-density lipoprotein and very-low-density lipoprotein choles-
terol and their risk predictive values in coronary heart disease. Am J 
Cardiol 2006; 98:1363–1368.

 22. Miller M, Cannon CP, Murphy SA, Qin J, Ray KK, Braunwald E; PROVE
IT-TIMI 22 Investigators. Impact of triglyceride levels beyond low-
density lipoprotein cholesterol after acute coronary syndrome in the 
PROVE IT-TIMI 22 trial. J Am Coll Cardiol 2008; 51:724–730.

 23. Christian JB, Arondekar B, Buysman EK, Jacobson TA, Snipes RG, 
Horwitz RI. Determining triglyceride reductions needed for clinical 
impact in severe hypertriglyceridemia. Am J Med 2014; 127:36–44.e1.

 24. ClinicalTrials.gov. A Study of AMR101 to Evaluate Its Ability to Re-
duce Cardiovascular Events in High Risk Patients With Hypertriglyceri-
demia and on Statin. The Primary Objective is to Evaluate the Effect 
of 4 g/Day AMR101 for Preventing the Occurrence of a First Major 
Cardiovascular Event (REDUCE-IT). www.clinicaltrials.gov/ct2/show/NC
T01492361?term=REDUCE+IT&rank=1. Accessed January 13, 2015.

 25. ClinicalTrials.gov. Outcomes Study to Assess STatin Residual Risk 
Reduction With EpaNova in HiGh CV Risk PatienTs With Hypertriglyc-
eridemia (STRENGTH). www.clinicaltrials.gov/ct2/show/NCT02104817?
term=strength&rank=7. Accessed January 13, 2015.

 26. Lloret Linares C, Pelletier AL, Czernichow S, et al. Acute pancreatitis
in a cohort of 129 patients referred for severe hypertriglyceridemia. 
Pancreas 2008; 37:13–22.

 27. Tsuang W, Navaneethan U, Ruiz L, Palascak JB, Gelrud A. Hyper-
triglyceridemic pancreatitis: presentation and management. Am J 
Gastroenterol 2009; 104:984–991.

ADDRESS: Michael Miller, MD, FACC, FAHA, Division of Cardiology, 
University of Maryland School of Medicine, 110 South Paca Street, Suite 
7-124, Baltimore, MD 21201; e-mail: mmiller@medicine.umaryland.edu

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

