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Abstract

It is becoming more evident that age, gender, and race play a significant role in the metabolic profiles that are seen among individuals in a
clinical setting. It is important to understand these variances in metabolic profiles; and with these variances in mind it is now possible to
understand why a single diet might not decrease cardiovascular disease risk profiles uniformly for everyone. Much is now understood about
triglyceride metabolism and its contribution to energy storage. In this review we will focus on triglycerides; their production, metabolism and
influence on daily life, as well as the various methods for the treatment of hypertryglyceridemia and prevention of its sequelae.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

For the past 15 years, the public has been told to reduce
total fat intake to modify risk factors for coronary artery
disease (CAD) and control weight. In addition, most studies
of diet and risks for CAD have been primarily interested in
the effects of reducing weight and other CAD risk factors
by using this approach. In response, Americans have
dramatically reduced all types of fat intake; and the
percentage of fat in the American diet has decreased from
45% in 1965 to 34% in 1995 (US Department of
Agriculture Center for Nutrition Policy and Promotion).
This nationwide decrease in fat calories has resulted in an
increase in carbohydrate calories, primarily in the form of
simple sugars [1].

Despite national efforts to reduce fat intake, there has
been a steady increase in body weight and deleterious plasma
cholesterol levels in the general population. Recent studies
have shown that high-carbohydrate, low-fat diets are capable
of producing high triglyceride (TG) levels, low-density
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lipoprotein (LDL) levels, and weight gain [2]. Accordingly,
the population has become more obese and is at greater risk
for developing CAD. This dietary effect on the lipid profile
likely hampers physicians’ endeavors in controlling cardio-
vascular disease (CVD) risk factors.

2. Triglyceride metabolism

In the human body, metabolic energy is mainly derived
from TGs, which constitute 15% to 20% of total body weight
and provide 9 kcal/g [3]. However, the preferred and first
source of energy to be used is glucose (4 kcal/g), followed by
TG [3]. Only a few grams of glucose (stored as glycogen) are
in the liver and muscles; therefore, during starvation,
glycogen will be depleted within a few hours (half a day).
Humans, unlike plants, are unable to convert free fatty acids
(FFAs) into glucose because of the lack of 2 important
enzymes [3]. Therefore, energy production will be provided
by TGs for a few weeks until fat stores are depleted, with
proteins used thereafter [4]. Hence, TGs constitute the main
and most reliable source of energy for the body [4]. On the
other hand, when glucose is not used for energy production
and when storage is saturated, all of the glucose (and
carbohydrate) excess will be shifted toward the synthesis of
FFA and TG [3].
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Fig. 1. Intestinal absorption (exogenous source) and synthesis of TG (endogenous source).

The TGs in the body originate from 2 sources: the
exogenous (or dietary) source and the endogenous source

(Fig. 1) [4].
2.1. Exogenous source

Step 1: The breakdown or hydrolysis of dietary TG starts in
the stomach and continues in the small intestines because
of the effect of pancreatic lipases to form FFA and
monoglycerides, which will subsequently form micelles
with the aid of bile salts. The micelles help the
monoglycerides and the FFA to attach to the intestinal

brush border so they can diffuse through the lipid
membrane and into the enterocytes.

Step 2: Inside the enterocytes, the FFA and the
monoglycerides reassemble and reform TG.

Step 3: Triglyceride, cholesterol, apolipoproteins, and the
phospholipids form the chylomicrons, which enter the
lymphatic circulation. During this step, FFAs are released
and oxidized for energy use.

Step 4: Chylomicrons will be targeted by the lipoprotein
lipase (LPL), anchored in the capillary endothelial cells,
to form chylomicron remnants, which are taken up by
the liver.
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Fig. 2. Triglyceride biosynthesis at the level of adipocytes.

2.2. Endogenous source

The liver transforms the fatty acids (mainly the long
chain) and monoglycerides into TG, which will be secreted
into the blood as very low-density lipoprotein (VLDL)
(mainly) and high-density lipoprotein (HDL). Very low-
density lipoprotein is then converted to intermediate-density
lipoprotein (IDL), which is further broken down into LDL,
which circulates either back to the liver or to the peripheral
tissue for storage.

The basic metabolic pathways of TG biosynthesis at the
level of adipocytes is described in Fig. 2. Adipose cells are
specialized for the esterification of FFA for biosynthesis of
triacylglycerols and storage. Synthesis of triacylglycerol
requires 2 components: glycerol-3-phosphate and FFA or
palmitic acid. Free fatty acids, in the form of palmitate, are
produced in the liver and delivered to adipose cells via the
VLDL particle. When VLDL reaches adipose tissue, it is
hydrolyzed into FFA and then transported into adipose cells
for biosynthesis of triacylglycerol. The second component of
TG synthesis is glycerol-3-phosphate, which is produced
within the adipose cell from circulating glucose that the cell
takes in and metabolizes. Both of these components rely on
blood glucose levels for their synthesis.

3. Triglyceride and lipid profile

In the Helsinki Heart Study, elevation of TG levels was
associated with low HDL levels and insulin resistance,
thereby increasing the risk for CAD [5]. Very low-density

lipoprotein and chylomicron remnants are the particles that
make TG more atherogenic. These remnants are smaller,
richer in cholesterol, and more readily taken up by
macrophages, converting them to plaque-forming foam
cells. As an illustrative distinction, in patients with familial
chylomicronemia syndrome, where chylomicron remnants
cannot be formed because of a defect in LPL and
apolipoprotein (apo) C-II, the chylomicrons remain large
and nonatherogenic [6].

Increases in TG and VLDL cause an increase in
cholesterol ester transfer protein activity, which induces a
shift in production from HDL and IDL to LDL cholesterol
formation [7]. Furthermore, TGs act by shifting the LDL
particle from large to small particles; these latter particles are
recognized as being more atherogenic and associated with
increased CAD [8].

Non-high-density lipoprotein cholesterol reflects indi-
rectly the total apo B level, which itself is a major
atherogenic lipoprotein [9]. At TG levels less than 200 mg/
dL, there is no significant increase in VLDL; and hence, non-
HDL cholesterol (non—HDL-c) is reflected by the LDL alone
[9]. When the TG level is 200 to 499 mg/dL, there is marked
increase in the VLDL fraction; and non—HDL-c represents
the atherogenic lipoproteins better then LDL alone [9]. In
patients with TG level of at least 500 mg/dL, non-HDL is a
poorer predictor of CVD risk because of large VLDL and
chylomicron particles, which are nonatherogenic [9].

There have been several studies showing a relationship
between postprandial transient increases in TG and TG-rich

Table 1
Types of dyslipidemias and their effects [3]

Type Defect Lipoprotein change Clinical findings
I (rare) LPL deficiency 1 Chylomicron 1 Triacylglycerol
Apo C-lI T TG >1000 mg/dL
deficiency Lipemia retinalis
Eruptive
xanthomas
Pancreatitis
Hepatosplenomegaly
Ila LDL receptor 1 LDL Myocardial infarction
defect in before age of 20 y
synthesis or in homozygotes
function
IIb 1 Apo B 1t LDL CAD
| LDL receptor 1 VLDL
1T TG
III (rare) Abnormal apo 1 VLDL remnants  Peripheral vascular
E2 synthesis 1 Chylomicron disease, premature
T TG CAD, xanthomas,
1 risk of
atherosclerosis
v 1 Production 1T VLDL Early CAD
and | | HDL-c
elimination 1 TG
of VLDL
V (rare)  LPL deficiency 1 VLDL Pancreatitis
T VLDL 1 Chylomicron Eruptive
production 1 TG xanthomas
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Secondary causes of hypertriglyceridemia

Secondary causes of
hypertriglyceridemia

Mechanism

Corticosteroids
Hormone replacement

therapy [19]

Oral contraceptives

Diuretics

B-Blockers (except
those with intrinsic
sympathomimetic
activity)

Retinoids

Antiretroviral
(mainly protease
inhibitors)

Hypothyroidism

Diabetes mellitus

Pregnancy

Chronic kidney disease
and end-stage renal
disease

Nephrotic syndrome

Burns

Exercise

Increase production of VLDL leading to increase
in TG [18]
Estrogen (increases TG) replacement
Progesterone

Norethisterone (decreases TG)

C21 progestogens (no effect on TG)
Mainly the estrogen components are associated
with high TG [20].
They increase TG by increasing synthesis
rather than decreasing elimination.
Mainly thiazides, increase the TG by 15%
to 25% [21].
Inhibit LPL activity leading to increased
TG levels [22]

Stimulate the production and secretion of
VLDL by the liver causing increased TG
(200 up to 1000 mg/dL) [23]

Cause overproduction of VLDL by the liver
causing increase in TG

The usual dyslipidemia found in hypothyroidism
is hypercholesterolemia; but hypertriglyceridemia
can also be encountered, and the increase could
be explained by a decrease in LPL activity [24].
Elevation of TG levels is due to insulin
deficiency, which diminishes LPL activity,
causing a TG removal defect.

Insulin deficiency will lead to unopposed activity
of glucagon, cortisol, and growth hormone on
adipose tissue to release FFA, which will
subsequently be used by the liver to synthesize
VLDL, which in turn increases TG [25].
Gestational hypertriglyceridemia is related to
VLDL overproduction. When it occurs, it usually
peaks by the third trimester and returns to normal
by the 6th wk postpartum [26].

The decrease in the activities of LPL and hepatic
TG lipase, the large amount of glucose present in
peritoneal dialysis fluid, and secondary
hyperparathyroidism collectively increase the
serum TG levels [27].

Increased TG due to overproduction of VLDL
by the liver [28].

Cause transient hypertriglyceridemia due to the
reduction of TG clearance [29].

During exercise, multiple hormones (epinephrine,
norepinephrine, corticosteroid, and growth
hormone) act directly on fat cells to activate
hormone-sensitive TG lipase, which causes
hydrolysis of TG and mobilization of FFA

to be used by muscle cells as a source of energy.
The excess FFA in the blood will be taken up

by liver cells to synthesize VLDL and TG [3].

remnants after a high-fat meal and endothelial dysfunction
(vasoreactivity), which is thought to play a role in the
development of atherosclerosis and its progression [10-14].
This effect was even more pronounced in diabetic patients

[13,14]. In contrast, other studies on the same subject fail
to demonstrate such a relationship [15,16]. A large
prospective study would be necessary to further evaluate
this hypothesis.

4. Hypertriglyceridemia

Hypertriglyceridemia is defined by the National Choles-
terol Education Program—Adult Treatment Panel (NCEP
ATP-IIT) as a TG level of at least 150 mg/dL and can be
divided into primary and secondary based upon the causes
[9]. In primary hypertriglyceridemia, there is a genetic defect
leading to flawed TG metabolism (Table 1) [17].

Many secondary etiologies of hypertriglyceridemia
(Table 2) have been identified; therefore, before consider-
ing hypertriglyceridemia as a primary disease, a full and
thorough history should be conducted to look for
secondary causes. Left untreated and in the presence of a
genetic or familial disease for high TG, these secondary
conditions may lead to severe hypertriglyceridemia and
life-threatening pancreatitis.

One should think of secondary causes in the
following situations:

1. Marked or progressive increase of TG in the absence of
a family history of hyperlipidemia.

2. Hypertriglyceridemia that is unresponsive to medical
treatment.

3. Life-threatening hypertriglyceridemia in previously
mild disease.

5. Triglyceride and ethnicity

Nutritional studies have shown differences in cholesterol
serum levels and obesity among various ages, sexes, and
ethnic groups. Specifically, in postmenopausal women, as
well as in the Hispanic and Native American populations,
there seems to be a predilection toward a greater risk of
developing obesity and CAD [30]. This may help explain, in
part, the higher incidence of diabetes and obesity noted [31].

Racial predilection toward increased TG levels has also
been reported. There is a tendency for higher TG levels across
Hispanic subgroups [32]. This was also associated with an
increase in insulin resistance in this population group. In
American Indians, there is a positive correlation between TG
levels, body mass index (BMI), and waist circumference [32].
The Strong Heart Study demonstrated that obesity correlated
with decreased HDL, and central obesity was more associated
with abnormal lipid/lipoprotein profiles than general obesity
in women [33]. However, both of these obesity distribution
types were equally important in men [33].

Different studies have shown that TG levels are higher in
whites compared with African American children [34, 35].
In contrast, total cholesterol levels were higher in African
Americans [34,35]. The presumed cause of higher TG in
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whites is not known, but the assumption is that African
Americans may have an efficient TG clearing mechanism.
There is evidence to suggest that African American and
Mexican American children and young adults have an
increased risk profile for CVD when compared with white
Americans [30], which is related in part to the higher
cholesterol in these populations. This trend is also seen in
older African and Mexican American men and women
compared with white Americans [36,37].

In African Americans, HDL-c concentrations are higher
and TG concentrations are lower [36]. This lipid profile
advantage, seen in African Americans, loses its significance
when considering the high rate of mortality from CAD in this
population, which is secondary to a higher degree of
diabetes, hypertension, and obesity [30].

Another study comparing TG levels between Japanese,
Koreans, and Mongolians showed that despite lower BMI
values for the Japanese and Koreans compared with the
Mongolians, a higher prevalence of hypertriglyceridemia
was observed for both nonobese (BMI <25.0) and obese
(BMI >25.0) Japanese and Korean subjects [38].

Finally, the apo A5 gene overexpression (APOA5#2 and
APOA5%3) was shown to lower TG concentrations in
humans. The haplotype in one study was found in 12% of
white, 14% of African American, and 28% of Hispanic men
and women [39].

6. Triglyceride, sex, and age

Postmenopausal women have a higher level of remnant
lipoprotein-cholesterol levels [31]. In addition, it is well
recognized that hormone replacement in postmenopausal
women lowers LDL and increases HDL significantly,
mainly HDL2 [40]. Although total TG levels did not
change significantly, the remnant lipoprotein-cholesterol
levels decreased with estrogen and estrogen-progestin
therapy (P < .05) [40].

There is some evidence that suggests that both women
and men have different metabolic profiles because of sex
influences and age. One study has suggested that the
redistribution of body fat is associated with the differ-
ences in triacylglycerol and cholesterol levels of older
women [41]. Other evidence suggests that these metabolic
changes might be attributed to the different hormonal
levels seen in postmenopausal and premenopausal women
[42]. For some time, estrogen has been attributed to the
cardioprotective effects that women have during their
childbearing years [43]. There is an obvious difference in
fat distribution between men and women that has been
linked to the differences in TG and lipid levels between
sexes [44].

With regards to age, older men may reportedly have a less
favorable lipid profile independent of fat distribution or BMI
[45]. In addition, age was shown to be an independent factor
in determining TG levels [46]. In the Prospective Cardio-

vascular Munster study [47], a large observational study, it
was shown that men (18.6%) more than women (4.2%) have
mild increases in TG (TG >200 mg/dL) [47]. Triglyceride
levels in men increase up to the age of 45 years and then
decrease slightly, whereas in women, they continue to
increase with age [47].

7. Diet, lipid profile, and CVD

Several studies have shown, in both men and women, that
overfeeding of equivalent isoenergetic diets that are sugar
rich vs fat rich resulted in the same amount of fat storage.
This is most likely due to the conversion of carbohydrates to
fat via hepatic and extrahepatic lipogenesis [1,2,48].

Various studies have shown an increase in hepatic
secretion of the VLDL-particle—containing palmitate in
response to high-carbohydrate diets fed to humans [31,49].
Studies of high-carbohydrate, low-fat diets have also shown
a decrease in fat oxidation in humans [31,49]. These 2
mechanisms are strong stimuli for the de novo synthesis and
storage of TG. Furthermore, these metabolic trends can be
helpful in understanding why low-fat diets are not producing
long-term decreases in weight and/or significant decreases in
cholesterol serum levels.

Although fruits and vegetables are rich in carbohydrates,
multiple studies have shown that they do not exert any effect
on TG levels [49-52]. In a study where healthy men and
women were randomized either to continue their current diet
of fruit and vegetables or to an intervention group, which
increased consumption to 8 servings per day, there was no
effect by the high fruit and vegetable arm on lipid or
lipoprotein levels [51]. However, 2 studies have shown that
fruits rich in fiber and antioxidants (eg, guava) have a
TG-lowering effect [53,54].

The chief concern about dietary fats is their role in
promoting CAD, and some studies have shown that the total

Table 3
Contribution of fatty acids on lipid profile [3]

Type Source Effect

trans-Fatty acids  Industrial hydrogenation of  Increase:

polyunsaturated fatty acids 1. TG

Saturated 1. Animal products: 2.LDL
fatty acids especially dairy products 3. Total cholesterol

and red meats Decrease:

2. Cocoa butter 1. HDL

Monounsaturated ~ Mediterranean diet Decrease:

fatty acids 1. TG

Polyunsaturated 1. The N-6 family 2. Platelet aggregation
fatty acids found in safflower, 3. Fibrinogen
sunflower, and 4. Total cholesterol
corn oils 5. LDL
2. The N-3 family Increase:
or a-linolenic acid 1. HDL

found in fish oils
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Drug class Mode of action Lipid effects [69] Adverse effects [69] Drug examples
HMG-CoA | Cholesterol biosynthesis, | LDL Skin—rash Lovastatin, pravastatin,
reductase inhibitors by inhibiting the enzyme 1 TG (7%-30%) NS—peripheral neuropathy simvastatin, atorvastatin,
responsible for the rate-limiting 1 HDL Liver—weight loss, decrease fluvastatin, rosuvastatin
step of cholesterol formation, | VLDL appetite, increase transaminases

Fibric acid
derivatives (fibrates)

Nicotinic acid (niacin)

Cholesterol absorption
inhibitors

Bile acid
sequestrants (resins)

w-3-Acid ethyl esters

which 1 LDL receptor
activity and clears LDL from
the circulation [9].

Activate PPAR-a expression,
which increases APOAV
expression and | TG

Activates PPAR-a stimulating
LPL in plasma and adipose
tissue causing VLDL
catabolism [70]

1 Apo A-I genes

| Apo C-III production

| Mobilization of FFA from
peripheral adipose tissue

| HDL catabolism

Reduces hepatic synthesis of
TG and secretion of VLDL
Shifts LDL from small dense
to large buoyant particles
and lowers lipoprotein
concentrations by 30% [70]

Inhibits intestinal cholesterol
absorption, but does not
affect absorption of bile
acids, fat soluble vitamins,
or TG. It has been shown

to | TG 7% in monotherapy
and 14% in combination
with a statin [70, 71].

| Cholesterol content of
chylomicrons

Interrupt enterohepatic
recirculation of bile acids

1 Hepatic conversion of
cholesterol to bile

1 Hepatic LDL receptor activity

| TG synthesis by reducing
substrate availability,

which could be secondary to
an increase in f-oxidation,

a decrease in FFA delivery
to the liver, a decrease in

1 TG (20%-50%)
1 HDL
1 LDL

| VLDL
1 TG (20%-50%)
+ HDL
JLDL

1 Lp(a)

| TG
—~ HDL
J LDL

| LDL
1 HDL
1 TG

| TG (45%)
| VLDL

GI—abdominal pain, nausea,
diarrhea

Muscle—myositis, pain,
rhabdomyolysis
Immune—Ilupus-like syndrome
Protein binding—decrease binding
of warfarin

Skin—rash

GI-abdominal pain,
cholesterol-saturated

bile with increase gallstone
incidence (1%-2%)

GU—erectile dysfunction

(mainly clofibrate)
Muscle—myositis with impaired
renal function

Plasma proteins—interference with
binding of warfarin
Liver—increase serum
aminotransferases

Skin—flushing, dry skin, pruritis,
ichthyosis, acanthosis nigricans
Eyes—conjunctivitis, cystoid
macular edema, retinal detachment
Respiratory tract—nasal stuffiness
Heart—supraventricular arrhythmias
GI—heartburn, loose bowel
movement or diarrhea
Liver—mild increase
transaminases, nausea, and fatigue
Muscle—myositis
Metabolic—hyperglycemia

(5%), increase in serum uric

acid levels by 10%

Gl—diarrhea, abdominal pain

GIl—abdominal fullness, nausea,
gas, constipation, hemorrhoids,
anal fissures.

Liver—mild increase transaminases
Metabolic—increase TG ~10%
Electrolyte—hyperchloremic acidosis
Skin—alopecia, eczema, pruritus,
and sweating

Eyes—cataracts

Respiratory tract—asthma,
bronchitis, increased cough,
dyspnea,

Gemfibrozil,
fenofibrate, clofibrate

Extended-release niacin,
crystalline niacin,
polygel controlled-
release niacin

Ezetimibe

Cholestyramine, colestipol,
colesevelam HCl

-3-Acid ethyl
esters (Lovaza)

(continued on next page)
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Table 4 (continued)

Drug class Mode of action

Lipid effects [69]

Adverse effects [69] Drug examples

hepatic fatty acids synthesis,
increased phospholipid
synthesis, or decreased
activity of TG-synthesizing
enzymes [72]

Heart—arrhythmia, hypertension,
tachycardia

Gl—anorexia, constipation, dry mouth,
dysphagia, colitis, fecal
incontinence, gastritis,
pancreatitis
Lymphatic—lymphadenopathy
Muscle—arthralgia, arthritis,
myalgia

Metabolic system—edema,
hyperglycemia,

increased transaminases

HMG-CoA indicates hydroxymethylglutaryl-coenzyme A; PPAR, peroxisome proliferator-activator receptor; APOAV, apolipoprotein AV; NS, neurological
system; GI, gastrointestinal; GU, genitourinary; Lp(a), lipoprotein (a). Lovaza is manufactured by GlaxoSmithKline, Clifton, NJ.

fat is less important than the type of fat [55-57]. The FFA can
be subdivided into 4 types (Table 3).

In summary, saturated and trans-fatty acids play an
important role in the genesis of heart disease, contrary to
monounsaturated and polyunsaturated fatty acids, which
confer a protective role. Despite their positive and negative
effects on the heart, there was no association between FFA
and stroke in a large prospective study of 43,732
men participating in the Health Professionals Follow-up
Study [58].

8. Triglycerides and alcohol

Just one drink of alcohol could increase TG in susceptible
people. In one study where 630 calories of alcohol were
administered to 12 individuals, obese individuals were more
susceptible to the hyperlipidemic effects of alcohol and had
increased TG and VLDL-TG concentrations compared with
lean individuals [59]. In one meta-analysis, consuming 30 g
of alcohol daily increases TG level by 5.69 mg/dL and HDL-
¢ by 3.99 mg/dL [60].

High-density lipoprotein cholesterol increases mostly in
individuals with the slow oxidizing allele of alcohol
dehydrogenase type 3, leading to the hypothesis that genetics
play an important role in the effect of alcohol [61]. In
addition, the alcohol-induced elevation in serum HDL-c may
also, in part, involve a reduction in cholesteryl ester transfer
protein activity [62], which facilitates the exchange of
neutral lipids, particularly cholesteryl esters (but also TG and
to some degree phospholipids), from HDL to TG-enriched
lipoproteins in exchange for TG [58,63,64]. Low cholesteryl
ester transfer protein activity will reduce the redistribution of
cholesterol from HDL, thereby increasing serum HDL-c
concentrations (mainly HDL-3) [58,63,64]; but this finding
needs further investigation. Lastly, a study by Hartung et al
[65] showed that levels of HDL;C and HDL,C, the latter
being protective against heart disease, increased significantly
with moderate alcohol intake.

The cardioprotective role of moderate alcohol consump-
tion is attributed to its effects on the lipid metabolism, but

this benefit needs to be weighed carefully against alcohol’s
considerable adverse effects and potential for abuse.

9. Triglycerides and the metabolic syndrome

According to the NCEP ATP-III criteria, the metabolic
syndrome was defined by the presence of 3 of the 5 following
criteria [9]:

® Waist circumference (men, >40 in; women >35 in)
® TG of at least 150 mg/dL

® Blood pressure of at least 130/85 mm Hg

e HDL (men, <40; women, <50)

e Fasting blood glucose of at least 110 mg/dL

The prevalence of this syndrome ranges from 20% to 40%
(among individuals >60 years of age) and confers a risk for
CAD [9,66,67], especially in the Hispanic and African
American populations [68]. The treatment of hypertriglycer-
idemia constitutes a cornerstone in the management of the
metabolic syndrome because TG and HDL are inversely
related and the treatment of one leads to the normalization of
the second.

10. Therapeutic approaches
10.1. Diet

The major focus of treatment and prevention of
hypertriglyceridemia and adverse lipid serum levels seems
to be found in manipulating quality and quantity of diet
intake (Table 4). A variety of diets with different percentages
of fat, protein, and carbohydrates have been recommended to
lower lipid profiles. There is the low-fat (11%-19%) and very
low-fat (<10%), very high carbohydrate, moderate-protein
diets by Dr Dean Ornish’s Program for Reversing Heart
Disease [73], Eat More Weigh Less [74], and The New
Pritkin Program [75]. There has been the moderate-fat
(20%-30%), high-carbohydrate, and moderate-protein diet
recommended by the US Department of Agriculture Food
Guide Pyramid, DASH (Dietary Approaches to Stop
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Hypertension) diet, and Weight Watchers [76]. A third
version is the high-fat (55%-65%), low-carbohydrate (<100
g/d), high-protein diet supported Dr Atkin's New Diet
Revolution [77], Protein Power [78], and Life Without
Bread [79].

There are currently only a limited number of ways in
which we know that HDL levels can be raised. These are
exercise, weight loss (through diets containing high mono-
and polyunsaturated FFA substituted for saturated fat), and
moderate amounts of alcohol intake. Drugs such as niacin
and fibrates are also able to increase HDL levels, but only
modestly [9].

The American Heart Association (AHA) released a
“Dietary Guideline Revision” in 2000, which takes into
consideration the recent evidence of the benefits of w-3 fatty
acids and mono- and polyunsaturated fatty acids [80].
Research has shown that monounsaturated and polyunsatu-
rated fats, common in the Mediterranean diet, have
beneficial effects in lowering atherogenic lipid profiles,
specifically by reducing TG and small dense LDL particles
while maintaining appropriate HDL levels [81]. The
Mediterranean diet consists of mostly vegetables, fruits,
nuts, grains, and legumes. The diet contains a moderate
amount of fat, nearly all in the form of olive oils, nut and
seed oils, and fish oils.

A study comparing the AHA step II diet [80] and a diet
high in monounsaturated fat has shown that monounsaturat-
ed fatty acids produce superior lipid profiles [82]. The study
showed that replacement of saturated fats in the AHA step 11
diet with foods high in monounsaturated fatty acids lowered
total cholesterol and TG levels while maintaining HDL
cholesterol levels [82]. This had an overall effect of
decreasing CVD risk by up to 25% as compared with the
12% reduction with the AHA step II diet [82].

Currently, there is some evidence that reversal of the
metabolic syndrome abnormalities has been produced with
replacement of a high saturated fat intake with that of a diet
consisting of polyunsaturated fats [83]. An explanatory
model has been proposed that diets that contain at least 5% of
energy from polyunsaturated fatty acids can inhibit sterol
regulatory element gene expression [84]. Sterol regulatory
elements are segments of DNA that contain genes respon-
sible for activating lipogenic enzymes; hence, inhibition will
lead to a decrease in fatty acid synthesis [84]. This model
parallels studies that have shown increased plasma TG levels
with low-fat diets and decreased TG levels with diets high in
mono- and polyunsaturated fatty acids.

Clinical studies have provided evidence that w-3 fatty acids
lower TG levels and decrease blood coagulation states [85,86].
A 45% reduction in TG level is associated with intake of foods
rich in w-3 fatty acids such as fish, canola oil, flaxseed oil,
soybean oil, and nuts. Currently, the AHA recommends a
minimum of 2 servings of cold-water fish per week [80].

According to the Nurses’ Health Study, the risk of CAD
can be reduced by 42% if energy from saturated fat was
replaced by energy from unsaturated fats and by 53% if

energy from trans fat was replaced by energy from
unhydrogenated, unsaturated fat [87].

10.1.1. Fish oil (w-3)

w-3 Fatty acids are usually divided into eicosapentaenoic
acid and docosahexaenoic acid, which are found in various
fish including salmon, mackerel, lake trout, tuna, and
herring. High doses (>6 g/d) can inhibit the synthesis of
VLDL-TG and apo B, thus reducing levels of TG [88]. At
higher levels, 15 g/d could yield a 50% reduction in TG
levels [89]. However, at this dose, adverse effects of fish oil
are seen, like an increase in the level of cholesterol;
therefore, this amount is not recommended. In a randomized
trial of 223 patients, dietary fish oil supplementation with
approximately 1.5 g/d for 2 years, compared with placebo,
reduced the progression and enhanced the regression of
angiographically determined coronary atherosclerosis [90].

In another cohort study, the Nurses’ Health Study, there
was a positive correlation between lower risk of CAD and
CAD deaths and a higher consumption of fish and -3 fatty
acids [91]. This association was also described in a second
study, with a-linolenic acid, the metabolic precursor of the
fish oils [92]. Fish oils are also associated with a variety of
clinical benefits including reductions in blood pressure,
arrhythmias, and coagulability and improvement in endothe-
lial function [93], in addition to all the benefits on the lipid
profile mentioned above. The usual indication for prescribing
-3 fatty acids is TG levels that are greater than 500 mg/dL.

10.1.2. Soy protein

In one meta-analysis, the average intake of 47 g/d
(compared with a control diet) lowered TG by 10.5%, total
serum cholesterol by 9.3%, and LDL cholesterol (LDL-c)
by 12.9%, whereas HDL-c concentration increased by
2.4% [94].

As per the advisory from the Nutrition Committee of the
AHA, 25 to 50 g/d of soy protein was found to be safe and
effective for reducing TG and LDL levels and promoting
heart health [95].

10.1.3. Garlic

Over time, garlic has become an important part of the
human diet. Its benefits have been described by Hippocrates,
the ancient Egyptians, and many others; but despite this
historical perspective, data are still conflicting regarding its
effects on the lipid profile. Multiple studies have shown that
garlic supplementation significantly decreased both total
cholesterol and TG concentrations [96-101], but others failed
in confirming this relationship [102-104]. Hence, the need
for further controlled human studies with standardized
preparations of this herb.

10.1.4. Fiber

It is known that a high-fiber diet exerts a cardioprotective
role and that intake of 1 g of soluble fiber reduces LDL-c by
2.2 mg/dL, as well as TG levels [105,106]. This effect was
similar with various soluble fibers [106].
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Table 5
NCEP ATP-III TG treatment guidelines [9]
TG level Treatment option

<150 mg/dL (normal) None
150-199 mg/dL Weight reduction,

(borderline high) physical activity, achieve
LDL goal (as per ATP-III
recommendations)

Weight reduction, physical
activity, achieve LDL goal
Use of LDL-lowering drugs or
nicotinic acid or fibrates to
achieve non-HDL goal

(30 mg/dL higher than LDL goal)
TG lowering as primary goal,
then LDL goal.

Very low fat diet, weight
reduction, and

physical activity

Use nicotinic acid or fibrates
as first-line medication

200-499 mg/dL (high)

>500 mg/dL
(very high)

10.1.5. Walnut

Substituting walnut for monounsaturated fats in a diet can
achieve a 4% to 12% reduction in serum total cholesterol and
a 6% to 12% reduction in serum LDL-c [107]. Another small
randomized trial suggested that, in addition to lowering total
and LDL-c levels, consumption of walnuts may improve
endothelial function in patients with elevated cholesterol
[107]. In a review from the prospective Adventist Health
Study, individuals who consumed nuts more than 4 times per
week had significant reductions in mortality from CAD
(relative risk, 0.52) and in nonfatal infarctions (relative risk,
0.49) compared with those who consumed nuts less than
once per week [108].

10.1.6. Red yeast rice

Red yeast rice may have cholesterol-lowering ability due
to the presence of monacolins that have hydroxymethylglu-
taryl-coenzyme A reductase inhibitor activity and possibly
other active substances. It has been shown to decrease
TG levels by 34.1% after 8 weeks of use vs placebo at
12.8% [109].

10.2. Therapy guidelines

The NCEP ATP-III guidelines (Table 5) for treatment of
hypertriglyceridemia include the use of lifestyle modifica-
tion as well as the use of medication based upon the level of
TG [9].
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