
Updated treatment guidelines for
dyslipidemia issued in 2001 by the
National Cholesterol Education

Program (NCEP) continue to focus on low-

ering low-density lipoprotein (LDL) cho-
lesterol, but now give greater attention to
other lipid abnormalities.1 Low high-den-
sity lipoprotein (HDL) cholesterol and ele-
vated triglycerides are independent risk
factors for coronary artery disease (CAD)
as well as active markers for an athero-
genic lipoprotein phenotype seen in the
metabolic syndrome.2-4 Patients with meta-
bolic syndrome tend to have a greater pro-
portion of small, dense LDL particles, lower
levels of protective HDL cholesterol, and
elevated triglycerides.1 These 3 lipid
abnormalities together are known as
atherogenic dyslipidemia.

Atherogenesis is mediated by apolipo-
protein B-containing particles such as
lipoprotein (a), very low–density lipopro-
tein remnants, and LDL—particularly
small, dense LDL particles that migrate
into the blood vessel wall. These particles
are then oxidized and ingested by inflam-
matory cells, via scavenger receptors,
leading to formation of foam cells and ulti-
mately to complex atherosclerotic lesions.
High-density lipoprotein cholesterol plays
a protective role by inhibiting oxidation of
these lipoprotein particles and removing
cholesteryl esters from inflammatory cells
by reverse cholesterol transport.5

Low-density lipoprotein particles can
be divided into distinct subclasses by sev-
eral methods, including density-gradient
ultracentrifugation, gradient-gel elec-
trophoresis, and nuclear magnetic reso-
nance.6 The subclasses of LDL particles
differ in terms of size, density, and lipid
composition. On the basis of LDL particle
distribution, subjects can be categorized
into specific phenotypes. Subjects with
phenotype A have a preponderance of
large, buoyant LDL particles, whereas
those with phenotype B have a preponder-
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Abstract
Updated guidelines published recently by the

National Cholesterol Education Program place
greater emphasis on atherogenic dyslipidemia,
characterized by low high-density lipoprotein
(HDL) cholesterol; elevated triglycerides; and
small, dense, low-density lipoprotein (LDL) parti-
cles, as well as the drugs that can alter the condi-
tion. Both low HDL cholesterol and elevated
triglycerides are independent risk factors for coro-
nary artery disease. Low-density lipoprotein parti-
cles can be divided into subclasses with differing
atherogenicity. Phenotype A is characterized by
large buoyant LDL particles, and phenotype B by
small, dense particles associated with increased
atherogenicity. The frequency of phenotype B in
patients increases as triglyceride levels increase
and HDL cholesterol levels decrease. Fibrates and
niacin have been shown to improve atherogenic
dyslipidemia in clinical trials. Niacin effectively
lowers triglycerides, raises HDL cholesterol, and
shifts LDL particles to a less atherogenic phenotype
(phenotype A). The various niacin formulations
available differ in terms of safety and efficacy. When
administered alone or in combination with other
lipid-modifying agents, niacin prevents progression
and promotes regression of coronary atherogenic
lesions and reduces coronary risk. Combination ther-
apy is also an effective option for improving multiple
lipoprotein abnormalities. In studies, a once-daily, sin-
gle-tablet combination of niacin extended-release/lova-
statin showed additive LDL cholesterol lowering and
was more effective than would be anticipated from
doubling the component lovastatin dose.
Combination products provide a viable strategy for
treating the full spectrum of lipid abnormalities seen
in some patients, including those with atherogenic
dyslipidemia, and will be increasingly used in the
treatment of dyslipidemia. Other combination prod-
ucts are currently undergoing clinical testing.
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ance of the more atherogenic small, dense
LDL particles that are rich in cholesteryl
esters. In a study of 301 subjects, the
cumulative frequency of phenotype B
increased as triglyceride levels increased
and, in a separate analysis, as HDL choles-
terol levels declined. When triglyceride
levels exceeded 150 mg/dL (the NCEP III
cut-off for normal levels) or HDL choles-
terol fell much below 40 mg/dL (the NCEP
cut-off for low HDL cholesterol), most
patients were shown to have phenotype B.
Conversely, the cumulative frequency of
phenotype A increased with lower triglyc-
eride and higher HDL cholesterol concen-
trations.7

Clinical Benefit of Raising HDL
Cholesterol and Lowering 
Triglycerides

The Veterans Affairs High-Density
Lipoprotein Cholesterol Intervention Trial
(VA-HIT) provides the best evidence to
date that increasing HDL cholesterol and
lowering triglycerides in patients with
relatively normal LDL cholesterol signifi-
cantly reduces major CAD events.8

VA-HIT enrolled 2531 men with CAD and
mean baseline HDL cholesterol of 32

mg/dL, triglycerides of 160 mg/dL, and
LDL cholesterol of 112 mg/dL. Approxi-
mately 40% of patients enrolled would have
met criteria for the metabolic syndrome at
entry.9 Patients were randomly assigned to
receive gemfibrozil 600 mg twice daily or
placebo and were then followed for a medi-
an of 5.1 years. After 1 year, mean HDL
cholesterol was 6% higher and triglycerides
were 31% lower with fibrate treatment
than with placebo, whereas LDL choles-
terol levels did not significantly differ
between groups. These changes in lipid
levels were associated with a 22% reduc-
tion in the risk of nonfatal myocardial
infarction (MI) and CAD death (P = .006)
(Figure 1).8 Moreover, the risk of these
outcomes plus confirmed stroke was signif-
icantly reduced by 24% (P<.001).

The cost-effectiveness of raising HDL
cholesterol and lowering triglycerides
without affecting LDL cholesterol was
assessed using data from VA-HIT.10 When
pricing for gemfibrozil negotiated by the
Veterans Affairs was used in the analysis,
treatment proved to be cost saving. When
average wholesale prices for gemfibrozil of
about $1000 annually were used, the cost
per quality-adjusted life year saved by
gemfibrozil therapy ranged from about
$6300 to $17 000—well within the cost-
effective range.

The cardiovascular benefit of raising
HDL cholesterol and lowering triglyc-
erides may also be due, in part, to an effect
on endothelial function. The impact of an
extended-release formulation of niacin,
niacin ER on endothelial function was
evaluated in CAD patients with well-con-
trolled levels of LDL cholesterol (mean, 72
mg/dL).11 Overall, 82% of patients in the
treatment group were receiving statin
therapy, but had low HDL cholesterol
(mean, 31 mg/dL) and elevated triglyc-
erides (mean, 195 mg/dL). Patients con-
tinued on any existing statin therapy and
were randomly assigned to receive
niacin ER or no additional treatment.
Flow-mediated vasodilation during reac-
tive hyperemia was assessed by brachial
artery ultrasound at baseline and after 3
months of therapy. Niacin ER significantly
improved flow-mediated dilation from
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Figure 1. Impact of Raising HDL Cholesterol and Reducing
Triglycerides on Risk of Major Cardiovascular Events
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6.5% to 11.8% (P = .001), whereas the
untreated control group showed a small,
but nonsignificant, decline. Notably, this
improvement in endothelial function cor-
related with increases in HDL cholesterol
(r2 = 0.7, P<.02). 

On the basis of these and other obser-
vations, 2 evidence-based statements and
recommendations were added to the
updated NCEP guidelines regarding athero-
genic dyslipidemia. First, the guidelines
now recognize that atherogenic dyslipi-
demia commonly occurs in people with
premature CAD and is strongly associated
with abdominal obesity and physical inac-
tivity. The guidelines recommend that
emphasis should be placed on life-habit
modification, weight reduction, and
increased physical activity in these
patients. Second, the guidelines recognize
that drugs that modify atherogenic dyslipi-
demia reduce CAD risk. Accordingly, the
guidelines state that consideration should
be given to using specific drug therapy,
either niacin or fibrates, for treating high-
er-risk patients with atherogenic dyslipi-
demia.1 Niacin, in particular, is the most
effective agent for treating the compo-
nents of atherogenic dyslipidemia.

Niacin

Niacin provides favorable effects on
nearly all lipid parameters and therefore is
useful in the treatment of most dyslipi-
demias. Niacin lowers LDL cholesterol by
5% to 25% and triglycerides by 20% to
50%, and raises HDL cholesterol by 15% to
35%. With the exception of estrogen,
niacin is the only lipid-modifying agent
that lowers lipoprotein (a). In the past,
niacin use was limited by side effects such
as flushing, hyperglycemia, hyper-
uricemia, hepatotoxicity, and gastroin-
testinal complaints.1 The niacin
formulations now available differ in their
safety and efficacy profiles. As covered
elsewhere in this issue, in general, sus-
tained-release niacin (niacin SR) is less
effective than immediate-release niacin
(niacin IR) in reducing triglycerides and
increasing HDL cholesterol.12 Moreover,
the SR formulations are associated with a
high risk of hepatotoxicity.13 Niacin ER is

associated with comparable efficacy to
niacin IR with less flushing and no
increased risk of hepatotoxicity.14

In a randomized, double-blind study
that compared niacin ER with the IR for-
mulation and involved 223 patients with
primary hypercholesterolemia,14 niacin
ER was administered once daily at night,
whereas niacin IR was given in 3 divided
doses. At a dose of 1.5 grams, both niacin
ER and IR showed comparable efficacy in
lowering LDL cholesterol, apolipoprotein
B, triglycerides, and lipoprotein (a), and
increasing HDL cholesterol and apolipopro-
tein A-1. Both of the 2 formulations raised
fasting blood glucose by about 5% and had
similar effects on mean levels of liver
enzymes. As expected, niacin ER caused
significantly less flushing and smaller
changes in uric acid concentrations than
the IR formulation.

The Coronary Drug Project, conducted
between 1966 and 1975, is still the largest
trial to date to evaluate the long-term
effects of niacin in CAD patients. A total of
1119 men aged 30 to 64 years with previ-
ous MI were treated with niacin 3 g/day.15

Over the first 5 years of follow-up, niacin
lowered total cholesterol by 10% and
triglycerides by 26%. After a follow-up of 5
to 8.5 years, niacin significantly reduced
the risk of nonfatal recurrent MI by 26%
compared with placebo (P<.05). In a fol-
low-up analysis conducted nearly 9 years
after termination of the trial, total mortal-
ity was significantly reduced by 11% rela-
tive to placebo (P < .001), suggesting that
the early benefit of niacin on lipids and
recurrent MI may translate into a late ben-
efit on mortality even after drug discontin-
uation.16 In the Stockholm Ischemic Heart
Disease Secondary Prevention Study, 279
MI survivors ≤70 years of age received
niacin 3 g/day in combination with clofi-
brate 2 g/day for up to 5 years.17 Total cho-
lesterol and triglycerides were reduced by
13% and 19%, respectively, decreasing the
risk of total and ischemic heart disease
mortality by 26% (P<.05) and 36%, respec-
tively (P<.01).

Niacin, like the fibrates, can shift the
distribution of LDL particles to a less
atherogenic phenotype. The Assessment
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of Diabetes Control and Evaluation of the
Efficacy of Niaspan Trial (ADVENT) com-
pared niacin ER with placebo in a ran-
domized, double-blind study of diabetic
patients who had fasting blood glucose
≤200 mg/dL and glycosylated hemoglobin
≤9%. After 16 weeks of treatment with
niacin ER at either 1 g or 1.5 g nightly,
the percentage of patients with LDL phe-
notype B decreased and the percentage
with LDL phenotype A increased from
baseline.18

Niacin in combination with bile acid
sequestrants or statins has been shown to
prevent progression and cause net regres-
sion of coronary stenosis in CAD
patients.19,20 The HDL Atherosclerosis
Treatment Study (HATS) is of particular
interest because it enrolled patients with
low HDL cholesterol and elevated triglyc-
erides, but fairly normal LDL choles-
terol.21 HATS evaluated patients by
arteriography, as well as the occurrence of
a first cardiovascular event (death, MI,
stroke, or revascularization). A total of
160 patients were randomly assigned to 1
of 4 treatments: niacin plus simvastatin;
antioxidant vitamins; niacin, simvastatin,
and antioxidants; or placebo.

Treatment with niacin and simvastatin
increased HDL cholesterol by 26% and low-
ered LDL cholesterol and triglycerides by
42% and 36%, respectively. Other than
reducing the protective HDL2 subfraction
by 15% (P = .05), the antioxidant vitamins
did not affect lipid levels. Furthermore,
when antioxidants were added to niacin-
simvastatin therapy, HDL cholesterol lev-
els increased by only 18% (P = .05). After 3
years of treatment, the average stenosis in
proximal coronary arteries progressed by
3.9% on placebo and 1.8% on antioxidant
vitamins, but regressed by 0.4% with niacin
plus simvastatin (P<.001) (Figure 2,A).21

The addition of antioxidant vitamins to the
niacin-simvastatin combination appeared
to blunt this response, and the average
stenosis progressed by 0.7% (P = .004 ver-
sus placebo). Most importantly, the rate of
a first cardiovascular event was 24% in the
placebo group and 3% in the niacin-sim-
vastatin group, representing a 90% reduc-
tion in risk (P = .03) (Figure 2,B).21 In
patients randomized to simvastatin and
niacin plus antioxidants, there was a 14%
event rate versus 21% in patients treated
with antioxidants alone, representing a
nonsignificant 40% reduction in risk. In
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Figure 2. Percent Change in Stenosis (A) and Frequency of Clinical Events (B) over 3 Years of
Treatment
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comparison, the major statin trials have
demonstrated 30% to 40% reductions in
coronary event rates. The results of HATS,
although a smaller trial, suggest that the
addition of niacin to statin monotherapy
can provide significant additional cardio-
vascular risk reduction. In summary,
niacin either alone or in combination with
other lipid-modifying agents has demon-
strated benefit in patients with CAD in
delaying progression and promoting
regression of CAD, improving endothelial
function, and reducing coronary events. 

Statins

The benefit of lowering LDL cholesterol
with statin therapy in both primary and
secondary prevention has been clearly
demonstrated in landmark trials.22-26 In the
Air Force/Texas Coronary Prevention
Study (AFCAPS/TexCAPS), lovastatin (20-
40 mg) or placebo was administered daily
to 6605 men and women with average LDL
cholesterol (mean, 150 mg/dL), below-
average HDL cholesterol (mean, 36 mg/dL
for men and 40 mg/dL for women), and no
clinical evidence of CAD.22 Lovastatin sig-
nificantly reduced LDL cholesterol by 25%
and increased HDL cholesterol by 6%
(P<.001). These beneficial lipid effects
were associated with a 37% reduction in
the risk of a first acute major coronary
event (P<.001). Lovastatin also significant-
ly reduced the risk of fatal or nonfatal MI
by 40% (P = .002), unstable angina by 32%
(P = .02), and coronary revascularization
procedures by 33% (P = .001). With the
exception of the West of Scotland
Coronary Prevention Study (WOSCOPS),
the other landmark studies enrolled
patients with CAD. Mean LDL cholesterol
levels ranged from 139 mg/dL in the
Cholesterol and Recurrent Events (CARE)
trial to 192 mg/dL in WOSCOPS. In these
studies, LDL cholesterol was reduced by
an average of 25% to 35%, with a 24% to
31% reduction in risk of the primary study
endpoint (nonfatal MI and CAD death in
WOSCOPS and CARE, total mortality in
the Scandinavian Simvastatin Survival
Study [4S], and CAD mortality in the
Long-Term Intervention with Pravastatin
in Ischaemic Disease [LIPID] study).

Moreover, results from the Heart
Protection Study (HPS), which enrolled
high-risk patients, showed that statin ther-
apy provides benefit across all patient
groups, regardless of age, gender, or base-
line cholesterol levels.27

The dose-response curve describing
LDL cholesterol lowering with statin ther-
apy is relatively flat. At starting doses, the
reduction in LDL cholesterol ranges from
19% with fluvastatin 20 mg to 37% with
atorvastatin 10 mg. However, with each
doubling in dose, the statins produce, on
average, an additional 6% reduction in LDL
cholesterol (Figure 3).28 This so-called
“rule of 6” is consistent for each member
of the statin class. Therefore, on titration
to the maximum approved dose, mean
reductions in LDL cholesterol ranging from
35% with fluvastatin XL 80 mg to 55% with
atorvastatin 80 mg are achieved.28

When titrating the dose of a statin
upward, consideration must also be given
to both additional costs and the increased
risk of side effects. All statins are occa-
sionally associated with elevations in liver
transaminases, and although the inci-
dence is relatively low, it does increase as
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Figure 3. Additional LDL Cholesterol Lowering Seen with Each
Doubling in Dose of Statin Therapy: “The Rule of 6”
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the dose is titrated to its maximum level.
For example, in a pooled analysis involv-
ing 44 clinical trials of atorvastatin and
more than 4200 patients treated for 4
weeks to 24 months, the incidence of liver
enzyme elevations >3 × ULN increased
from 0.2% to 0.6% at the lower doses to
2.3% at the 80-mg dose.29 Another con-
cern with statin therapy is myopathy,
defined by muscle pain with elevations in
creatine kinase to >10 × ULN. The inci-
dence of myopathy with statin therapy is
also generally low—less than 0.1%—with
the exception of cerivastatin which, in
United States Food and Drug Administra-
tion (FDA)–reported cases of fatal rhab-
domyolysis, was associated with a
significant increased risk compared with
all other statins.30 However, the likelihood
of myopathy or any elevation in creatine
kinase increases as the statin is titrated
up. In the Expanded Clinical Evaluation
of Lovastatin (EXCEL) Study, a 48-week,
randomized, controlled trial of 8245
patients with moderate hypercholes-
terolemia, the incidence of myopathy
increased from 0% to 0.01% at doses of 20
to 40 mg to 0.2% at 80 mg.31 Similarly, the
incidence of any creatine kinase elevation
with low doses of lovastatin was compara-
ble with placebo (1.6%), but increased to
3.5% at the 80-mg dose. 

Combination Therapy

A new product combining niacin with a
statin is now available. The rationale for
combining niacin ER and lovastatin is to
achieve additive LDL cholesterol lowering
with superior increases in HDL cholesterol
and reductions in triglycerides. The lipid-
modifying activity of this combination was
demonstrated in a randomized, double-
blind study of 236 subjects with dyslipi-
demia.32 Subjects were assigned to receive
lovastatin, niacin ER, or a combination of
niacin ER/lovastatin once daily. The dose
of each agent was titrated upward during
the 28-week study period. Niacin ER/lova-
statin reduced LDL cholesterol and triglyc-
erides and raised HDL cholesterol in a
dose-dependent manner and was superior
to each of its components (Figure 4). The
effect of niacin ER/lovastatin on LDL cho-
lesterol was greater than anticipated from
doubling the component lovastatin dose,
thereby allowing the use of lower doses.
The effect on HDL cholesterol and triglyc-
erides was approximately equal to the
additive effect of each component drug.

The safety and efficacy of niacin
ER/lovastatin was further assessed in a
multicenter, open-label, 52-week study of
814 men and women with dyslipidemia.33

The dose of niacin ER/lovastatin was
administered starting at 500/10 mg in the
first month and titrated to 1000/20 mg in
the second month, 1500/30 mg in the
third month, and 2000/40 mg in the fourth
month. After 16 weeks of treatment, LDL
cholesterol and triglycerides were reduced
from baseline by an average of 47% and
41%, respectively, and HDL cholesterol
was increased by 30% (all P<.001). These
effects were maintained throughout the
study, except for HDL cholesterol, which
continually increased up to 41% by study
end. Overall, niacin ER/lovastatin was well
tolerated. Ten percent of patients discon-
tinued treatment due to flushing; there
were no cases of drug-induced myopathy;
and 4 (0.5%) patients had liver enzyme
elevations >3 × ULN.33

Another combination strategy to
achieve lower LDL cholesterol is to add
the intestinal cholesterol absorption
inhibitor ezetimibe to statin therapy. In a
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Figure 4. Lipid-Lowering Effects Seen with Combination
Niacin ER/Lovastatin Therapy
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phase II study, the combination of ezetim-
ibe 10 mg and simvastatin 10 mg lowered
LDL cholesterol by 52%, which was signif-
icantly greater than the 35% reduction
seen with simvastatin alone (P<.01).34

Notably, the 17% difference between treat-
ments is similar to the LDL cholesterol
reduction anticipated from increasing the
simvastatin dose to 80 mg, but without an
increased incidence of liver function test
elevations or myopathy.28 The benefit of
this combination on HDL cholesterol and
triglycerides requires further evaluation.

Conclusion 

By placing increased emphasis on the
metabolic syndrome, the updated NCEP
guidelines renew interest in drugs that
alter atherogenic dyslipidemia. Specifically,
niacin and the fibrates are very effective in
lowering triglycerides, raising HDL choles-
terol, and shifting LDL particle size to a
larger, more buoyant, and less atherogenic
phenotype. Niacin administered either
alone or in combination with other lipid-
modifying drugs has been shown to pre-
vent progression and promote regression
of coronary atherogenic lesions and to
improve outcomes of CAD patients. Statin
therapy is highly effective in lowering LDL
cholesterol and reducing cardiovascular
risk. Combination regimens represent a
viable approach to treating the full spec-
trum of lipid abnormalities. Approximately
25 potential targets in lipoprotein metabo-
lism are currently being investigated in
clinical trials, and many future drugs will
be used in combination with existing lipid-
lowering medications for the management
of patients with lipid disorders. Along
these lines, niacin ER/lovastatin, the first
combination product on the market, is
safe, well tolerated, and effective in lower-
ing LDL cholesterol and triglycerides and
in raising HDL cholesterol.
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