
North Americans consume 100 g of fat per day on
average, or about one-third of their total daily en-
ergy intake. This fat is absorbed in the intestine as

free fatty acids and combines with glycerol to form triglyc-
erides. These lipids are assembled as chylomicrons (Fig. 1).
Apolipoprotein B (apo B) is essential for the assembly and
secretion of chylomicrons and very-low-density liprotein
(VLDL). Chylomicrons exchange surface components with
high-density lipoproteins (HDL) and acquire apo C-II and
apo E in the process. Apolipoproteins are structural pro-
teins that are noncovalently bound to the lipids. They con-
tain either receptor binding sites, or activators or inhibitors
of key enzymes of lipoprotein metabolism. Apo E is re-
quired for the normal removal of triglyceride-rich particles
from the blood via hepatic apo E receptors. Apo C-II acti-
vates lipoprotein lipase, which hydrolyzes the core triglyc-
erides and releases free fatty acids. The ratio of apo C-II
(activator) to apo C-III (inhibitor) determines the activity
of lipoprotein lipase, affecting the rate of clearance of chy-
lomicrons and VLDL. The triglyceride component of chy-
lomicrons is removed by lipoprotein lipase. The resulting
chylomicron remnants are cleared by the liver via receptors
that recognize apo E, which is a high-affinity ligand.

Severe hypertriglyceridemia is of concern because it can
predispose to pancreatitis. Mild to moderate hypertriglyc-
eridemia is often associated with a metabolic syndrome that
increases the risk of coronary artery disease. Use of inappro-
priate lipid-lowering agents to treat moderate to severe hy-
pertriglyceridemia (fasting triglyceride levels > 5.0 mmol/L)
is one of the most common pitfalls in the management of
dyslipidemia. In this review, we will focus on the causes, di-
agnosis and management of hypertriglyceridemia.

Risks associated with hypertriglyceridemia

Although mild hypertriglyceridemia is often asympto-
matic, severe primary hypertriglyceridemia (triglyceride
level > 10.0 mmol/L) can be associated with several clinical
manifestations (chylomicronemia syndrome), including ab-
dominal pain, pancreatitis, difficulties with short-term
memory and flushing with alcohol. The pathogenesis of
acute pancreatitis in this setting is unclear. It is thought
that extravascular chylomicrons in the pancreas cause the
release of free fatty acids, which start the inflammation cas-
cade.1 Physical findings include eruptive xanthomas,
lipemia retinalis and hepatosplenomegaly. Plasma taken
from people with severe hypertriglyceridemia appears
milky. When refrigerated overnight, it separates into a
creamy supernatant and clear infranatant.

Studies have shown that even mildly elevated triglyceride
levels may be a predictor of coronary artery disease. In the
Physicians’ Health Study, triglyceride levels were found to
be strongly correlated with the total cholesterol:HDL cho-
lesterol ratio, inversely correlated with LDL size (small,
dense LDL particles, LDL phenotype B) and inversely cor-
related with HDL cholesterol levels. After adjustment for
lipid levels and other risk factors for coronary artery disease,
triglyceride levels were significantly and linearly correlated
with incident myocardial infarction.2

The reason why elevated triglyceride levels are associ-
ated with coronary artery disease is complex. Mild to mod-
erate hypertriglyceridemia may increase the risk of prema-
ture coronary artery disease, in part because of several
metabolic abnormalities that often accompany mild to
moderate elevations in triglyceride levels (Box 1).
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Case
A 41-year-old man presents for assessment of severe hypertriglyceridemia. He has previously
been well. His lipid levels were checked because his serum appeared milky on screening for
dyslipidemia. He has no history of abdominal pains, his medical history is unremarkable (in
particular, no diabetes mellitus, hypothyroidism, obesity or pancreatitis), and he has no family
history of premature coronary artery disease. He does not drink alcohol excessively and is a
nonsmoker. The physician records his height (180 cm), weight (80 kg) and abdominal circum-
ference (86 cm). Other findings on physical examination are unremarkable. The fasting lipid
profile reveals a total cholesterol level of 7.8 (normally < 5.2) mmol/L, a high-density lipopro-
tein (HDL) cholesterol level of 0.5 (normally > 0.9) mmol/L and a triglyceride level of 30.2
(normally < 2.3) mmol/L. The patient had previously received treatment with 2 statins, in in-
creasing doses, without a decrease in triglycerides.

How should the patient’s lipid profile be classified? What other investigations should be
performed? How should the patient’s dyslipidemia be managed?

AT T H E B E D S I D E

CMAJ • NOV. 26, 2002; 167 (11) 1261

© 2002  Canadian Medical Association or its licensors

PRACTICE



After adjustment for serum HDL cholesterol levels, high
triglyceride concentrations have been shown to be a signifi-
cant but modest independent predictor of cardiovascular
disease in both men and women (relative risk 1.14 and 1.37
respectively).3 The relation of serum triglycerides to HDL
cholesterol, particularly when expressed as log(triglyc-
eride/HDL cholesterol), is called the atherogenic index of
plasma (AIP) and correlates positively with the lipoprotein
particle size and likelihood of coronary artery disease.4 Al-
though people at low risk of coronary artery disease have
AIP values in the negative range, those at higher risk have
progressively increasing positive values.

Clinically, the “hypertriglyceridemic waist,” which is of-
ten associated with the atherogenic metabolic syndrome (or
syndrome X) (Box 2), may be the most helpful indicator of
high risk for coronary artery disease. A waist measurement
of more than 100–102 cm in men and 88–90 cm in women

provides useful reference values to identify obese patients at
high risk of the atherogenic metabolic syndrome.5 Patients
with the syndrome have a greater rate of progression to
coronary artery disease and a 2-fold higher frequency of
clinical events (myocardial infarction, stroke, revasculariza-
tion or death from coronary artery disease) over 15–20
years than those without the syndrome.6

Causes

Hypertriglyceridemia may be the result of either genetic
defects (primary causes) or, more commonly, acquired fac-
tors (secondary causes) such as obesity, alcohol consump-
tion, diabetes mellitus, hypothyroidism or the use of certain
medications that increase triglyceride production or de-
crease its clearance or both (Table 1). The degree of
triglyceride elevation may be helpful in predicting the like-
lihood that a genetic defect is involved.

The 2 main genetic disorders that cause mild or moder-
ate hypertriglyceridemia (triglyceride level 2.0–5.0 mmol/L
or 5.0–10.0 mmol/L respectively) are familial combined
hyperlipidemia and familial hypertriglyceridemia. Familial
combined hyperlipidemia is the most common lipoprotein
disorder, occurring in 1 in 150 adults.1 It results from the
overproduction of hepatically derived apo B-100 associated
with VLDL. The plasma apo B concentration is usually
above 1.2 g/L. Familial combined hyperlipidemia is associ-
ated with a significant increase in risk of coronary artery
disease and accounts for one-third to one-half of familial
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Fig. 1: Triglyceride pathway. The gut produces chylomicrons following the absorption of fat.
The triglyceride (TG) component of chylomicrons is removed by lipoprotein lipase located on
the vascular endothelium of muscle, myocardium and adipose tissue. The resulting chylomi-
cron remnants are cleared from the circulation by hepatic receptors that recognize
apolipoprotein E (apo E). The liver exports triglycerides into the circulation in the core of
very-low-density lipoprotein (VLDL) particles.

Box 1:  Metabolic abnormalities associated with
hypertriglyceridemia

• Low high-density lipoprotein (HDL) cholesterol level

• Small, dense low-density lipoprotein (LDL) particles

• Atherogenic triglyceride-rich lipoprotein remnants

• Insulin resistance

• Increases in blood coagulability and plasma viscosity
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causes of coronary artery disease.7 Affected patients typi-
cally present with one or both of hypercholesterolemia and
hypertriglyceridemia (triglyceride level usually 2.0–
5.0 mmol/L). Familial hypertriglyceridemia is an autosomal
dominant disorder associated with mild to moderate eleva-
tions in serum triglyceride levels (usually 2.0–10.0 mmol/L).
Affected patients are usually heterozygous for inactivating
mutations of the lipoprotein lipase gene and typically have
low serum HDL cholesterol levels. Their serum apo-B lev-
els are not elevated, and their risk for coronary artery dis-
ease is not greatly increased.

Severe hypertriglyceridemia (triglyceride level > 10.0
mmol/L) occurs in about 1 in 1000 adults, and much less
frequently in children.1 Chylomicrons and VLDL compete
for the same clearance mechanism, lipoprotein lipase. Se-
vere hypertriglyceridemia is usually related to complete or
partial lipoprotein lipase deficiency. The condition can also
develop when an increase in hepatic VLDL production oc-
curs in combination with a decrease in clearance. This
combination may be due to either genetic or acquired fac-
tors such as obesity, diabetes, alcohol intake or estrogen
use. Decreased triglyceride clearance may also be acquired
or inherited (Table 1). Acquired causes (e.g., hypothy-
roidism, β-blocker use and diabetes) result in both an over-
production of VLDL and decreased lipoprotein lipase ac-

tivity. The 2 main disorders associated with severe hyper-
triglyceridemia are dysbetalipoproteinemia (type III hyper-
lipoproteinemia) and chylomicronemia. 

Dysbetalipoproteinemia is a multifactorial disorder that
is inherited as an autosomal recessive trait. It is usually
characterized by the presence of 2 apo E2 alleles. Remnant
lipoprotein particles are the main triglyceride-rich particles
in the plasma of these patients. An additional genetic or ac-
quired factor that increases lipoprotein production or im-
pairs lipoprotein clearance (e.g., diabetes, hypothyroidism
or obesity) is typically required for full clinical expression.
Premature coronary artery disease and peripheral vascular
disease are common in affected patients. Physical findings
include tuberoeruptive xanthomas and xanthomas of the
palmar creases (xanthoma striatum palmare).

Chylomicronemia is characterized by fasting serum
triglyceride levels greater than 10.0 mmol/L. Plasma samples
from affected patients separate into a creamy supernatant
and clear infranatant after refrigeration. The primary form
of this condition is caused by a deficiency in lipoprotein li-
pase or its activator apo C-II, which results in complete ab-
sence of lipoprotein lipase activity. However, patients may
have a secondary form in which some other dyslipidemia
(e.g., familial hypertriglyceridemia due to partial lipoprotein
lipase deficiency) is exacerbated by an acquired factor.

Hemorrhagic pancreatitis is the most serious, life-
threatening complication of severe hypertriglyceridemia,
particularly if it occurs in pregnancy.

Patients with elevated triglyceride levels should be in-
vestigated for secondary causes. The differential diagnosis
for primary triglyceride disorders and associated degree of
hypertriglyceridemia is summarized in Table 2.

Diagnosis

Routine screening for dyslipidemia with a fasting lipid
profile (total cholesterol, HDL cholesterol, triglyceride and
calculated LDL cholesterol levels) is recommended in the
following patients:8

• Men over 40 years of age
• Women over 50 years
• Adults with 2 or more risk factors for coronary artery

disease
• People with clinical evidence of coronary artery disease,

peripheral vascular disease or carotid artery disease
• People with diabetes mellitus
• People with xanthomas or other stigmas of dyslipidemia
• People with a family history of dyslipidemia or coro-

nary artery disease
Laboratory investigations to exclude secondary disorders

of lipid metabolism should include measurement of fasting
blood glucose, serum creatinine, thyroid stimulating hor-
mone and apo B levels. Apo B levels will help differentiate
between the less atherogenic condition familial hyper-
triglyceridemia and the more atherogenic condition famil-
ial combined hypertriglyceridemia.9–11
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Table 1: Causes of hypertriglyceridemia

Cause

Increased
triglyceride
production

Decreased
triglyceride
clearance

Primary

Familial combined hyperlipidemia + –

Familial hypertriglyceridemia + +

Type III hyperlipoproteinemia* ++ –

Chylomicronemia

Lipoprotein lipase deficiency – ++

Apolipoprotein C-II deficiency – ++

Secondary

Insulin resistance

Diabetes mellitus ++ +

Obesity ++ +/–

Alcohol ++ +/–

Diet (excessive carbohydrate intake) ++ –

Nephrotic syndrome ++ +

Hypothyroidism† + +

Medications

Estrogen replacement + –

Beta-blockers + +

Immunosuppressive drugs
(glucocorticoids, cyclosporine) ++ –

Protease inhibitors – +
Isotretinoin (Accutane) ++ –

*Also causes decreased ligand binding to the receptor.
†Also causes decreased receptor activity.



Additional investigations may include assessment of
lipoprotein lipase activity, apo C-II levels and apo E geno-
typing to confirm one of the inherited disorders. The results
may be important for the man-
agement of patients and for fam-
ily counselling. Specialized cen-
tres such as lipid clinics can be
consulted to perform these tests
and interpret the results.

Management

An approach to the manage-
ment of hypertriglyceridemia is
summarized in Box 3. All re-
versible causes should be treated.
This may include improving glycemic control in patients
with diabetes, treating hypothyroidism and stopping the use
of medications that may cause elevated triglyceride levels. In
addition, patients should be encouraged to increase their
level of physical activity, decrease their waist circumference
and achieve an ideal body mass index (20–27 kg/m2), de-
crease alcohol consumption and, if possible, abstain from al-
cohol, and follow a low-fat diet (fat intake less than 10% of
total dietary energy intake per day). Referral to a nutritionist
may be necessary to accomplish this goal.12

Drug therapy

The most effective triglyceride-lowering drugs are fibric
acid derivatives and niacin. These drugs also raise HDL
cholesterol levels, which are often reduced in patients with
hypertriglyceridemia.

Fibrates

Fibrates are generally very well tolerated. They activate a

class of nuclear receptors known as peroxisome proliferator-
activated receptor alpha (PPAR-α).13 This results in in-
creased production of lipoprotein lipase and of apo A-I and

A-II, which are the 2 main pro-
teins of HDL. LDL cholesterol
levels may initially increase after
fibrate therapy is started, but the
average particle size also in-
creases. Because of the concern
regarding hepatic side effects
and rhabdomyolysis, close fol-
low-up with liver enzyme tests
and creatine kinase measurement
are recommended 6 weeks after
starting fibrate therapy and every
3 to 6 months thereafter, or if

symptoms appear. The need for this surveillance has been
disputed but is currently recommended by the manufactur-
ers of fibrates. The risk of side effects may be increased if fi-
brate therapy is combined with statin therapy.14,15

Niacin

Niacin is a member of the vitamin B family (vitamin B3).
Its mechanism of action is illustrated in Fig. 2. Niacin in-
hibits the mobilization of free fatty acids from peripheral
adipose tissue to the liver. Side effects of niacin include ele-
vated liver enzyme levels, glucose intolerance and flushing.
Follow-up liver enzyme tests are recommended 6 weeks af-
ter starting niacin therapy and every 3 to 6 months there-
after. Niacin is not contraindicated in patients with diabetes
if there is cautious follow-up of glycemic control. Flushing
can be diminished with the use of ASA 30 minutes to
1 hour before ingestion of niacin. Sustained-release prepa-
rations of niacin with improved flushing profiles are also
available. Niacin is available over the counter. The starting
dose is usually 100 mg 3 times daily, with meals, and should
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Table 2: Differential diagnosis of primary triglyceride disorders

Differential diagnosis Usual lipid levels Confirmatory findings Common associated findings

Familial combined
hyperlipidemia

Triglyceride 2–5 mmol/L Elevated apo B level >1.2 g/L Coronary artery disease, family
history of dyslipidemia

Familial hypertriglyceridemia Triglyceride 2–10 mmol/L Low HDL cholesterol level;
inactivating mutations of LPL gene
in some cases; normal apo B level

Hyperglycemia, hyperuricemia,
family history of
hypertriglyceridemia

Dysbetalipoproteinemia
(type III hyperlipoproteinemia)

Total cholesterol > 10 mmol/L
Triglyceride > 10 mmol/L

Apo E2/E2 phenotype; low apo B
level; broad beta band on
lipoprotein electrophoresis

Palmar xanthomas, tuberoeruptive
xanthomas, peripheral vascular
disease, premature coronary artery
disease

Chylomicronemia (LPL or
apo C-II deficiency)

Triglyceride  > 10 mmol/L Overnight refrigerated plasma
sample shows creamy supernatant
and clear infranatant; chylomicrons
verified by ultracentrifugation; no
LPL activity (LPL or apo C-II
deficiency)

Abdominal pain, pancreatitis,
eruptive xanthomas, lipemia
retinalis, hepatosplenomegaly,
difficulties with short-term memory,
flushing with alcohol

Note: HDL = high-density lipoprotein, LPL = lipoprotein lipase, apo = apolipoprotein.

Box 2:  The metabolic syndrome

• Abdominal obesity (waist circumference 
> 102 cm in men and > 88 cm in women)

• Serum triglyceride level > 1.7 mmol/L

• HDL cholesterol level < 1 mmol/L in men 
and < 1.3 mmol/L in women

• Blood pressure > 130/85 mm Hg

• Fasting blood glucose level > 6.1 mmol/L



be gradually increased to the target dose or a maximum of
1000 mg 3 times daily.

Omega-3 fatty acids

Some patients may benefit from omega-3 fatty acids16

(docosapentaenoic acid and eicosapentaenoic acid) found in
salmon oil supplements. Omega-3 fatty acids reduce
VLDL production and thus result in decreased serum
triglyceride levels. Salmon oil is available over the counter
in 1-g capsules. The starting dose is 1 g twice daily and can
be increased to 3 g three times daily.

Bile acid sequestrants

Bile acid sequestrants should be avoided until triglyc-
eride levels return to normal, since they can increase
VLDL synthesis and exacerbate the hypertriglyceridemia.

A note regarding statins

Most patients with dyslipidemia considered for drug
treatment will have a combined increase in cholesterol and
usually a mildly elevated (< 5.0 mmol/L) triglyceride level
(familial combined hypertriglyceridemia). In such patients,

a statin may be used as the first-line treatment because of
its cholesterol- and triglyceride-lowering effect and the
strong evidence for prevention of coronary artery disease.

Treatment targets

For mild to moderate hypertriglyceridemia the current
treatment target is a fasting triglyceride level below 3.0
mmol/L in low-risk patients (10-year risk < 10%) and be-
low 2.0 mmol/L in all other patients.8 This degree of hy-
pertriglyceridemia is seen commonly, usually as part of the
metabolic syndrome that also includes insulin resistance,
small dense LDL particles, decreased HDL cholesterol lev-
els, and borderline to high blood pressure. It is associated
with an increased risk of coronary artery disease. Manage-
ment includes treatment of secondary causes, changes in
diet and lifestyle and, depending on the degree of hyper-
triglyceridemia, use of statins, fibrates, niacin and salmon
oil. Statins are not often prescribed for patients with ele-
vated triglyceride levels, but they may be used if the LDL
cholesterol level is also elevated.

For severe hypertriglyceridemia, patients are at in-
creased risk of pancreatitis and, in the long term, may also
be at increased risk of coronary artery disease. However,
the conventional risk assessment based on Framingham

CMAJ • NOV. 26, 2002; 167 (11) 1265

AT T H E B E D S I D E

Box 3: Management of hypertriglyceridemia

Step 1: Nonpharmacologic interventions

• Modify patient’s diet*
• Advise increased physical activity
• Advise abstinence from alcohol
• Improve glycemic control if applicable
• Identify medications that may cause hypertriglyceridemia

Step 2: Medication review

• Lower the dose of drugs that cause hypertriglyceridemia (glucocorticoids, thiazide and loop diuretics, estrogens)

Step 3: Pharmacologic interventions

Medication Major side effects Usual dosage Comment

• Omega-3 fatty acid: Salmon 
oil (cod liver oil has no effect)

Fishy odour 3–9 g daily, in 3 divided doses –

• Niacin (vitamin B3): Lowers 
VLDL level and LDL 
cholesterol level; increases 
HDL cholesterol level

Flushing, itching,
gastritis, hepatotoxic
effects, hyperuricemia,
hyperglycemia

300 mg/d initially; increase up to
3000 mg/d, in 3 divided doses;
take with meals

Monitor levels of
liver enzymes, serum
glucose and uric
acid

• Fibrate: Lowers VLDL level; 
increase HDL cholesterol level

Myositis, hepatotoxic
effects, warfarin
interaction

Gemfibrozil: 600 g twice daily
Micronized fenofibrate (Lipidil
  Micro): 200 mg once daily
Microcoated fenofibrate
  (Lipidil Supra): 160 mg once
  daily

Monitor levels of
liver enzymes, serum
creatine kinase and
serum creatinine

Note: VLDL = very-low-density lipoprotein, LDL = low-density lipoprotein, HDL = high-density lipoprotein.
*These need to be individualized. For example, in patients with chylomicronemia, dietary fat should be reduced to < 10% of total calories.



data is not applicable in cases of severe dyslipidemias.
Target triglyceride levels may not be achieved, but the
initial goal should be to maintain fasting triglyceride lev-
els below 10.0 mmol/L, and subsequently below 3.0
mmol/L.17 A very-low-fat diet (total fat intake < 10% of
total daily energy intake), abstinence from alcohol and
treatment with fibrates, niacin and salmon oil are recom-
mended.

Case revisited

This patient’s most serious risk is acute hemorrhagic
pancreatitis. His long-term risk for vascular disease is rela-
tively low, although higher than that in the general popula-
tion. The multiple statin therapy had failed to improve his
lipid profile and was discontinued. Although statins may re-
duce triglyceride levels, they are not appropriate for severe
hypertriglyceridemia. Statins are rarely effective in normal-
izing triglyceride levels when the fasting level is greater
than 5.0 mmol/L. The patient underwent testing for
lipoprotein lipase activity. He was found to have chylomi-
cronemia due to deficient lipoprotein lipase activity and
was given a low-fat diet to follow. Therapy with a fibrate
(micronized fenofibrate, 200 mg/d) was started. The fasting
serum triglyceride level remained elevated, and so salmon
oil (5 g/d) was added to the fibrate therapy. At follow-up
his triglyceride level was decreased (2.0 mmol/L), the HDL
cholesterol level was increased (0.9 mmol/L), and the total
cholesterol level was decreased (5.1 mmol/L).
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Fig. 2: Mechanism of niacin action. Niacin inhibits the release of free fatty acids from adi-
pose tissue, which leads to decreased VLDL secretion by the liver. FFA = free fatty acids,
TG = triglycerides, VLDL = very-low-density lipoprotein, LDL = low-density lipoprotein,
HDL = high-density lipoprotein.
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