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OVERVIEW

Introduction
Omega-3 fatty acids are essential polyunsaturated fatty acids that have diverse functions in normal metabolism 
and health and are used as nutritional supplements for general health and for disease prevention and as 
prescription drugs for treatment of hypertriglyceridemia. The omega-3 fatty acids are generally safe and well 
tolerated and have not been implicated in causing serum enzyme elevations or clinically apparent liver injury.

Background
The omega-3 fatty acids are essential fatty acids that serve several important functions in normal metabolism 
and health. Omega-3 refers to their common structural feature of an unsaturated double bond at the third 
carbon bond from the “omega” end of the long chain fatty acid (n-3). There are three essential omega-3 fatty 
acids: alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). ALA is an 18-
carbon fatty acid with 3 double bonds (18:3n-3) and is found in plant oils such as walnut, flaxseed and canola oil. 
EPA, a 21-carbon molecule with 5 double bonds (21:5n-3), and DHA, a 22-carbon molecule with 6 double bonds 
(22:6n-3), are found in marine oils such as fish oils, squid oils and krill oil. Being essential, these fatty acids are 
not (or poorly) synthesized by humans and the necessary amounts must be provided in the diet. The amounts of 
omega-3 fatty acids in a typical Western diet can be marginal or inadequate, particularly EPA and DHA in 
persons with limited fish intake. For these reasons, the omega-3 fatty acids are some of the most commonly used 
nutrition supplements. They have been proposed to be not only necessary for good health, but also to be effective 
in prevention of many chronic conditions, including different forms of cancer, coronary artery disease, 
cerebrovascular disease, developmental disabilities, depression, bipolar illness, cognitive decline, Alzheimer 
disease, macular degeneration, rheumatoid arthritis, eczema and allergic conditions. However, efficacy of 
omega-3 fatty acid supplementation in any of these conditions has not been proven and results of prospective 
controlled trials have been largely negative or at most conflicting. Nevertheless, omega-3 fatty acids are popular 
nutritional supplements and hundreds of products are available under many commercial names such as “GNC 
Krill Oil”, “Nordic Natural DHA”, “Carlson Fish Oil Q”, “iHealth Overga-3”, “Jarrow Formulas Flaxseed Oil”, 
“ProThera Eicosamax Fish”, and “Swanson EFAs”, among others. These products are usually in the form of 
capsules and vary widely in concentration of the individual omega-3 fatty acids, but are generally in the range of 
250 mg to 1,000 mg of total omega-3 fatty acids and recommended as being taken once daily. Side effects of 
omega-3 fatty acid and fish oil supplements in these doses are minimal, but may include mild gastrointestinal 
discomfort, nausea, diarrhea and headache. More clinically significant side effects include platelet dysfunction 
and an increased risk of bleeding, particularly in patients on anticoagulant and antithrombotic therapy.



Hepatotoxicity
In the many, large, randomized controlled trials of the omega-3 fatty acids, side effects have been minimal. Use 
of omega-3 fatty acids even in high doses has not been linked convincingly to serum enzyme elevations or to 
instances of clinically apparent liver injury. At high doses used to treat hypertriglyceridemia, minor ALT 
elevations were identified in up to 12% of patients, but similar rates occurred in placebo treated subjects and the 
abnormalities were transient, mild and not associated with symptoms or jaundice. Indeed, there have been 
several clinical trials of various formulations of the omega-3 fatty acids in patients with nonalcoholic fatty liver 
and preexisting elevations in serum aminotransferase levels. While not demonstrating a convincing beneficial 
effect in fatty liver disease, the omega-3 fatty acids also did not demonstrate any evidence of hepatic injury or 
worsening of the preexisting serum enzyme elevations.

Likelihood score: E (unlikely cause of clinically apparent liver injury).

Mechanism of Injury
Omega-3 fatty acids are metabolized in the liver by beta-oxidation and broken down locally, usually into short 
chain fatty acids. They have little effect on hepatic cytochrome P450 or drug transporter activity. Their effects on 
triglyceride metabolism are more likely to be beneficial than harmful to hepatocytes.

Prescription Omega-3 Fatty Acid Preparations
In addition to their use in nutritional supplements, omega-3 fatty acids have been developed as therapies of 
dyslipidemia and approved as prescription drugs or “medical foods” under the ingredient names omega-3 acid 
ethyl esters (Lovaza 2004, and generics), icosapent ethyl (Vascepa 2012), and omega-3 carboxylic acids (Epanova 
2014). When used to lower triglyceride levels, omega-3 fatty acids are taken in high doses, between 2 and 4 
grams daily. These omega-3 fatty acid derivatives are approved as adjunctive therapy of severe 
hypertriglyceridemia to be used in combination with diet with or without other lipid lowering medications. The 
mechanism of action of the omega-3 fatty acids in reducing triglyceride levels is not clearly defined, but appears 
to be inhibition of synthesis of triglycerides in the liver and their accelerated degradation, perhaps through 
increased plasma lipoprotein lipase activity. These three omega-3 fatty acid derivatives are discussed individually 
below.

Omega-3 Acid Ethyl Esters
Lovaza (previously known as Omacor) consists of a mixture of omega-3 fatty acid ethyl esters that have been 
purified from fish oil. The major fatty acid constituents are EPA and DHA, but other long-chain polyunsaturated 
fatty acid esters are also present in lower concentrations. The starting oil is screened for heavy metal or 
polychlorinated biphenyl (PCB) contamination and the pooled product purified and esterified to give the final 
product stability. In preregistration trials in patients with severe hypertriglyceridemia (above 500 mg/dL), 
Lovaza in doses of 4 grams daily was associated with a 45% decrease in serum triglycerides in comparison to no 
change or a slight increase with placebo. Therapy was also associated with mild-to-moderate increases low 
density lipoprotein (LDL) cholesterol. A major complication and reason for treating hypertriglyceridemia is 
acute pancreatitis, but rates of attacks of pancreatitis could not be evaluated in these trials because of the limited 
sample size and treatment duration. Lovaza was approved for use in the United States in 2004. Several generic 
forms are now available, usually as 1 gram capsules. The recommended dose is 4 g daily (in one or two divided 
doses). Side effects are uncommon and generally mild, but can include dyspepsia, diarrhea, nausea, eructation 
and unpleasant aftertaste. Potentially more severe adverse events include an increased risk of bleeding, 
particularly if taken with other anticoagulants or antiplatelet agents.
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In preregistration clinical trials, omega-3 acid ethyl esters were associated with uncommon and mild increases in 
serum ALT levels without changes in alkaline phosphatase or bilirubin levels. These abnormalities were 
asymptomatic and transient, but led to a recommendation of monitoring routine liver tests periodically during 
therapy with Lovaza. Since approval and wide scale use of this product, however, there have been no reports of 
liver injury attributable to the omega-3 acid esters and subsequent trials of these products have not mentioned 
serum aminotransferase elevations or hepatotoxicity in discussions of adverse events. The product label now 
recommends monitoring ALT and AST levels periodically only in patients with preexisting hepatic impairment, 
a recommendation added to product labels of all prescription omega-3 fatty acids.

Likelihood score: E (unlikely cause of clinically apparent liver injury).

Icosapent Ethyl
Vascepa is the commercial name for icosapent (eye koe’ sa pent) ethyl, an ethyl ester of eicosapentaenoic acid 
(EPA) extracted and purified from fish oil. During absorption, icosapent is de-esterified to the active EPA 
molecule. In preregistration trials, icosapent in doses of 4 grams daily lowered serum triglyceride levels by 27% 
in patients with severe hypertriglyceridemia (above 500 mg/dL) compared to minor increases with placebo. 
Rates of pancreatitis could not be evaluated in these trials because of the limited sample size and treatment 
duration. In contrast to omega-3 fatty acid ethyl esters, icosapent had little effect on serum total or LDL 
cholesterol levels, perhaps because it consists of modified EPA only without DHA. Vascepa was approved for use 
in the United Sates in 2012. It is available in 1 gram capsules and the recommended dose is 2 g twice daily. Side 
effects are uncommon and generally mild, but can include arthralgia, diarrhea, nausea, abdominal pain and 
eructation. Potential severe adverse events include an increased risk of bleeding, particularly if taken with other 
anticoagulants or antiplatelet agents.

In preregistration clinical trials in patients with hypertriglyceridemia, liver test abnormalities were no more 
frequent among patients receiving icosapent than in those on placebo, and there were no reports of clinically 
apparent liver injury. In a pooled analysis of studies, mild elevations in ALT (up to 2 times the upper limit of 
normal) occurred in 12.8% of icosapent- compared to 10.3% of placebo treated subjects. However, no patient 
developed jaundice or symptoms and the abnormalities apparently resolved without dose adjustment. Since its 
approval and more widespread clinical use, there have been no published reports of hepatotoxicity attributable 
to icosapent. Nevertheless, the product labels of all prescription omega-3 fatty acid products recommend 
monitoring aminotransferase levels in patients with preexisting hepatic impairment.

Likelihood score: E (unlikely cause of clinically apparent liver injury).

Omega-3 Carboxylic Acids
Epanova is the commercial name of a fish oil extract and mixture of omega-3 carboxylic acids, predominantly 
derivatives of EPA and DPA. In preregistration clinical trials, Epanova in a dose of 4 g daily lowered serum 
triglyceride levels by 31% in patients with severe hypertriglyceridemia (above 500 mg/dL) compared to minor 
changes with placebo. Rates of pancreatitis could not be evaluated in these trials because of the limited sample 
size and treatment duration. Similar to omega-3 fatty acid ethyl esters, omega-3 carboxylic acid treatment was 
associated with mild-to-moderate increases in LDL cholesterol levels. Epanova was approved for use in the 
United Sates in 2014 and is available in 1 gram capsules; the recommended dose being 2 or 4 g once daily. Side 
effects are generally mild, but can include diarrhea, nausea, abdominal pain and eructation. Potential severe 
adverse events include an increased risk of bleeding, particularly if taken with other anticoagulants or 
antiplatelet agents.

In preregistration clinical trials in patients with hypertriglyceridemia, liver test abnormalities were no more 
frequent among patients receiving omega-3 carboxylic acids than in those on placebo, and there were no reports 
of clinically apparent liver injury. In a pooled analysis of studies, mild elevations in ALT (up to 2 times the upper 
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limit of normal) occurred in less than 1% of omega-3 carboxylic acid treated subjects and a similar proportion of 
those on placebo. There were no elevations above 5 times the upper limit of normal and no patient developed 
jaundice or symptoms and the abnormalities apparently resolved without dose adjustment. Since its approval 
and more widespread clinical use, there have been no published reports of hepatotoxicity attributable to 
Epanova. Nevertheless, the product labels of all prescription omega-3 fatty acid products recommend 
monitoring aminotransferase levels in patients with pre-existing hepatic impairment.

Likelihood score: E (unlikely cause of clinically apparent liver injury).

Drug Class: Herbals and Botanical Supplements, Nutritional Supplements; Antilipemic Agents

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Omega-3 Fatty Acids – Generic®

Omega-3 Acid Ethyl Esters – Generic, Lovaza®

Icosapent Ethyl – Vascepa®

Omega-3 Carboxylic Acids – Epanova®

DRUG CLASS

Herbal and Botanical Supplements

COMPLETE LABELING

Fact Sheet at National Center for Complementary and Integrative Health, NIH

Fact Sheet at Office of Dietary Supplements, NIH

CHEMICAL FORMULAS AND STRUCTURES
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