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Existing guidelines for the prevention and treatment of coronary artery
disease focus on lowering low-density lipoprotein cholesterol (LDL-C) as the
primary lipid target. However, there has been increasing interest in raising
high-density lipoprotein cholesterol (HDL-C) due to strong evidence linking
low HDL-C levels with an increased risk of atherosclerosis. Raising HDL-C levels
with lifestyle changes and pharmacologic interventions appear to reduce the
risk of coronary artery disease beyond that of lowering LDL-C alone. Niacin
has a substantial HDL-C raising effect, and also may beneficially alter total
cholesterol, LDL-C and triglyceride levels. Niacin also exhibits antioxidant,
anti-inflammatory and other beneficial effects on atherosclerosis. Niacin is
safe and effective to use in women, in patients with diabetes mellitus and/or
metabolic syndrome, and when used in combination with statins. Niacin has
the promise of being a powerful pharmacologic agent in the fight against
atherosclerotic disease, although additional clinical studies are required to
examine this further.
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1.

Introduction

Rudolph Altschul discovered that nicotinic acid lowered plasma levels of cholesterol
∼ 50 years ago [1]. Over the years, numerous studies have shown cardiovascular benefit
from the addition of niacin, primarily due to its ability to augment high-density
lipoprotein cholesterol (HDL-C) levels. Recently, there has been increased awareness
and interest in the effects of niacin beyond raising HDL-C, such as alteration of
lipoprotein subfractions and markers of inflammation, which may act as independent risk factors for atherogenesis. Growing evidence supports that niacin is
effective in favorably altering lipid and non-lipid markers when taken alone, and
when used in combination with statins. Niacin continues to be a valuable asset to the
pharmacologic armamentarium against vascular disease. The purpose of this review
is to discuss the safety and effectiveness of niacin for treatment of atherosclerosis.
2.

Importance of HDL-C in atherosclerosis

Existing guidelines for the prevention of coronary artery disease focus on lowering
low-density lipoprotein cholesterol (LDL-C) as the primary target of lipid-modifying
therapy [2]. However, there has been growing interest in HDL-C as a secondary target
of therapy, based on strong epidemiologic data suggesting that HDL-C levels are
inversely related to the development of atherosclerosis. In the Framingham Heart
Study, investigators noted that in patients aged 49 – 82 who were initially free of
clinically-apparent cardiovascular disease, those with the highest HDL-C levels had
the lowest risk of developing coronary artery disease during the ensuing 35 years [3].
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In fact, each 1% increase in HDL-C was linked to a 2%
reduction in the development of coronary artery disease.
Later, the PROCAM (Prospective Cardiovascular Munster)
study showed that the risk for coronary artery disease
increased with lower levels of HDL-C, regardless of LDL-C
levels [4]. In addition to epidemiologic data, there is also a
direct relationship between HDL-C levels and coronary and
peripheral arterial vasomotor tone, a prognostic marker of
vascular function [5].
The primary mechanism by which HDL-C exerts its atheroprotective effects is reverse cholesterol transport (RCT).
During this process, cholesterol is extracted from macrophages,
foam cells and atherosclerotic plaque, and is delivered to the
liver [6]. The ATP binding cassette transporter 1 (ABCA1)
binds to apolipoprotein (apo) A-I and allows transmembrane
transport of free cholesterol and phospholipids from peripheral
tissue to preβ-HDL [6,7]. As apoA-I binds to more cholesterol,
it undergoes a speciation reaction in which HDL is converted
to progressively larger and more spherical HDL complexes,
including HDL2 and HDL3. Cholesterol ester transfer
protein (CETP) facilitates exchange of cholesterol esters in
HDL for triglycerides in apo-B containing particles, a
major pathway by which HDL-C is returned to the liver [8].
Recent findings support the role of HDL in RCT by showing
that intravenous injection of apoA-I phosphatidylcholine
discs increase plasma preβ-HDL levels, increasing reverse
cholesterol transport in humans [9]. Moreover, Nissen et al.
demonstrated that weekly intravenous infusions of apoA-I
Milano/phospholipid complexes, an HDL analog, were
associated with a 4.2% reduction in atheroma in a 5 week
period [10]. These data suggest that HDL can induce rapid
plaque regression, potentially reversing atherosclerotic
disease. In addition to RCT, HDL has also shown to be
atheroprotective by exerting anti-inflammatory and antioxidant
effects on the vascular endothelium [11].
3.

Lipid-altering mechanisms of niacin

The exact mechanism of action of niacin on lipoprotein
physiology is only now starting to be explained. It is believed
that activation of the nicotinic acid receptor HM74 by
nicotinic acid in adipocytes results in a decrease in cyclic
AMP (cAMP) causing diminished lipolysis of triglycerides by
downregulation of hormone-sensitive lipase [12]. This diminished lipolysis causes an acute decrease in serum free fatty
acids (FFAs). In addition, it has also been demonstrated that
niacin inhibits the secretion of triglycerides carried in very
low density lipoprotein (VLDL) particles [13]. As a result,
pharmacologic doses of niacin beneficially affect many classes
of lipoproteins. Niacin lowers total cholesterol, low-density
lipoprotein cholesterol and triglycerides. At present, it is the
most effective agent available for raising HDL-C, specifically
the large HDL2 subclass, which transports esterified cholesterol
from the periphery to the liver via RCT [14]. Niacin is also
effective in selectively decreasing lipoprotein(a), an independent
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risk factor for cardiovascular disease. Evidence indicates that
the subfraction of HDL-C containing apolipoprotein A-I
only (without apolipoprotein A-II) is more anti-atherogenic
than HDL-C particles containing both subfractions. In a
randomized, placebo-controlled trial by Sakai et al., the
mechanism of action of increased Apo A-I concentration was
found to be mediated by decreased hepatic removal of Apo
A-I particles, which are felt to be more efficient in RCT [15].
4.

Non-lipid effects of niacin

Emerging data indicate that niacin has beneficial effects in
atherosclerosis, in addition to its lipid effects. Niacin has been
shown to have powerful antioxidant properties, including
alterations in glutathione and catalase activity [16]. Furthermore,
it has been shown that niacin decreases lipoprotein associated
phospholipase A2 and C-reactive protein, both of which are
markers of inflammation [17]. Niacin also lowers the risk of
atherothrombotic events by lowering prothombotic factors,
such as fibrinogen and cell adhesion molecules (CAM).
Intercellular adhesion molecule (ICAM)-I is a significant predictor of future coronary events, and in a study by Tavintharan
et al., niacin reduced TNF-α-induced increases in ICAM-I levels
by 66% to 89% [18]. Finally adiponectin, an atheroprotective
substance that has independent associations with atherosclerosis
and is generally reduced in individuals with obesity, diabetes
and metabolic syndrome, has also been shown to be increased
substantially (by > 50%) following the use of niacin [19].

Clinical pharmacology and side effects
of niacin

5.

Niacin undergoes first-pass metabolism in the liver, processed
by the conjugative pathway and the amidation pathway.
The conjugative pathway results in the formation of glycine
conjugates of niacin such as nicoturinic acid (NUA) that
has been associated with vasodilation and flushing. It is a
low-affinity, high-capacity pathway that is only used when the
amidation pathway is saturated. The amidation pathway
is a high-affinity and low capacity system that results in the
formation of nicotinamide and pyrimidine metabolites
associated with hepatoxicity.
In the US, there are presently three formulations of niacin
available. Each preparation differs with respect to dissolution
rates, which in turn influence how it is metabolized. Immediate
release (IR) niacin was first introduced in the mid-1950s and
is now available by prescription and has been approved by the
FDA for the treatment of dyslipidemia (Niacor, Upsher-Smith
Laboratories) [20]. Although IR niacin is highly effective, its
use is associated with a relatively high incidence of adverse
effects, mainly prostaglandin-mediated cutaneous facial
and truncal flushing characterized by warmth, redness and
itching [21]. Due to the rapidity of its action, IR niacin is
typically administered two to three times per day. Administration
of COX inhibitors, such as aspirin and indometacin (before
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ingestion of niacin) can attenuate the niacin-induced cutaneous
reactions in most patients [22,23].
In the mid-1960s, sustained-release (SR) niacin was
developed with the aim of reducing the incidence of flushing.
SR niacin releases the drug slowly over time causing the
majority of drug to be metabolized by the amidation pathway,
thereby generating a greater amount of metabolites associated
with hepatotoxicity [24]. SR niacin is not FDA approved
for dyslipidemia.
Extended-release (ER) niacin (Niaspan, Abbott Laboratories)
has a dissolution rate between IR and SR niacin, and is
approved by the FDA for treatment of dyslipidemia. ER niacin
has comparable efficacy to IR and SR niacin for altering lipids,
but has improved tolerability. ER niacin produces a lower
amount of amidation products than SR niacin, thereby resulting
in less hepatotoxicity. It also produces a lower proportion of
glycine conjugates than IR niacin, causing a lower incidence of
flushing. In addition, an optimized (reformulated) version of
ER niacin has recently been shown to have significantly
reduced flushing intensity compared with the prior version [25].
Vogt et al. reported that flushing was experienced at a higher
incidence in women as compared with men [26], and women
had a longer duration of flushing than men. Knopp et al.
reported that the lipid-modifying effects were similar for IR
and ER niacin. However, the incidence of flushing was significantly higher in patients treated with IR versus ER niacin [27].
When comparing the various preparations of niacin, a 9%
reduction in total cholesterol has been observed with both
ER and IR niacin at 1.5 g/day and 18% reduction with
3 g/day [28]. A total of an 18% increase in HDL-C was
appreciated with ER-niacin compared with a 20% increase
with IR-niacin (versus placebo). However, HDL-C increased
more with IR niacin than SR niacin (43 versus 30%) and
plasma triglyceride reductions were greater in IR niacin (32%)
than SR niacin (6%) [28]. Furthermore, LDL-C was reduced
by 20% with IR niacin and only 12% with SR niacin.
In addition to flushing, other less common side effects
limiting the use of niacin include hyperuricemia, gout, gastrointestinal upset including activation of peptic ulcer disease,
cardiac arrhythmias, tachycardia, palpitations, migraines,
insomnia and ancanthosis nigricans [29]. Niacin, in combination with statins, may cause myopathy and rhabdomyolysis;
however, the incidence of these adverse effects are low and
indistinguishable from those seen with statins alone. However,
the adverse event report rates of combination statin and niacin
compared with statins alone showed no significant difference
in side effects [30]. Hyperglycemia was previously viewed as a
potentially important side effect of niacin therapy. However,
this issue has been attenuated by recent large-scale studies
using ER niacin. The changes in blood glucose with ER niacin
are typically modest and transient and more prevalent in
patients with diabetes [31,32]. On average, the rise in HbA1c
levels is small and can be managed by titrating hypoglycemic
therapy, but blood sugar levels should be closely monitored in
patients with difficult-to-treat diabetes mellitus.

6.

Niacin and diabetes mellitus

Diabetes mellitus is considered a coronary heart disease risk
equivalent by the National Cholesterol Education Programme
Adult Treatment Panel III [2]. Thus, diabetics represent a
high cardiovascular risk group. Diabetic dyslipidemia is
characterized by elevated plasma triglyceride levels and
triglyceride-rich remnants, such as VLDL, low HDL-C levels
and small, dense LDL particles that contribute to
atherogenesis [33]. The lipid-altering properties of niacin make
it an ideal choice for the treatment of diabetic dyslipidemia.
However, the use of niacin in patients with diabetes has
been somewhat discouraged because high doses (> 4 g/day)
have been reported to worsen glycemic control [34]. However,
these reports have been based mainly on uncontrolled case
reports with a small number of subjects. Recent randomized,
controlled studies have not supported this concern about
niacin in patients with diabetes. The ADMIT (Arterial Disease
Multiple Intervention Trial), a large, placebo-controlled, randomized study, investigated the effect of niacin on glucose and
glycosylated hemoglobin (HbA1c) levels, and reported that
niacin modestly elevated glucose levels in patients with and
without diabetes [31]. This effect of niacin on glucose was greater
in participants with diabetes than in those without the disease.
Furthermore, the levels of HbA1c were unchanged from
baseline to follow-up in diabetic participants treated with
niacin. The ADVENT report (Assessment of Diabetes Control
and Evaluation of the Efficacy Niaspan Trial) also showed that,
after 16 weeks of treatment with 1000 mg of ER niacin,
HbA1c decreased by 0.02% in the placebo group and increased
0.07% in the Niaspan® group. HbA1c increased by 0.07% in
the placebo and 0.3% in Niaspan group for participants treated
with 1500 mg of Niaspan [32].
7.

Niacin outcome studies

In clinical trials, niacin, alone and in combination with
other lipid lowering agents, has been shown to slow
progression of coronary atherosclerosis and decrease cardiovascular morbidity and mortality. The Coronary Drug
Project was conducted between 1966 and 1975 to assess
the long-term efficacy and safety of five lipid-influencing
drugs, including two estrogen regimens, dextrothyroxine,
clofibrate and niacin [35]. Initially, niacin treatment showed
modest benefit in decreasing non-fatal recurrent myocardial
infarction, but did not decrease overall total mortality.
However, Canner et al. reported that with a mean follow-up
of 15 years following the termination of the Coronary
Drug Project, the mortality from all causes in the niacin
group was 11% lower than in the placebo group [36]. The
Cholesterol-Lowering Atherosclerosis Study and the
Familial Atherosclerosis Treatment Study both demonstrated
that niacin in combination with colestipol decreased
atherosclerotic progression and increased regression of plaques
in coronary arteries [37,38].
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Furthermore, more recent studies have explored the
idea of combining statins with niacin. The HATS (HDL
Atherosclerosis Treatment Study), a 3-year, double-blind,
placebo-controlled study quantitatively evaluated coronary
angiographic data in patients with low HDL-C [39]. Patients
were randomized to one of four groups: simvastatin plus
niacin, antioxidants, simvastatin-niacin plus antioxidants
and placebo. The use of simvastatin and niacin significantly
reduced LDL-C and triglycerides by an average of 42
and 36%, respectively, while increasing HDL-C by 26%.
Quantitative angiography showed significant differences in
favor of the combination of niacin and simvastatin compared
with placebo. However, the protective increase in HDL and
HDL2 with simvastatin plus niacin was somewhat attenuated
with concurrent antioxidant therapy. Since then, other studies
have also evaluated the combined lipid lowering effect of
niacin and statins. The ADVOCATE (Advicor Versus Other
Cholesterol-Modulating Agents Trial Evaluation) study compared the relative efficacy of once/day ER niacin/lovastatin
fixed-dose combination with standard doses of atorvastatin or
simvastatin in subjects with elevated LDL-C and decreased
HDL-C. This study showed that niacin/lovastatin increased
HDL-C (especially the HDL2 subfraction) significantly more
than atorvastatin or simvastatin at all compared doses [40].
By week 12, niacin/lovastatin (at a 2000/40 mg dose)
increased HDL2 subfraction by 189% in addition to significant
improvements in triglyceride, lipoprotein(a), apoplipoprotein
A-1 and apolipoprotein B levels.
The COMPELL (Comparative Effects on Lipid Levels of
Combination Therapy with a Statin and Extended-release
Niacin and Ezetimibe versus a Statin Alone) study also compared lipid levels of combination therapy at low-to-moderate
doses of a statin plus niacin ER, a statin plus ezetimibe and
a statin alone. LDL-C was lowered equally (by ∼ 50%) among
all groups; however, the statin/niacin ER combination regimens
increased HDL-C and large HDL (HDL2) and lowered
triglycerides and lipoprotein(a) significantly more than
the other regimens [41]. It has been shown that the addition
of ER niacin to stable statin therapy in patients with
coronary artery disease improves brachial artery vasomotion
during reactive hyperemia, which is a marker of peripheral
vascular endothelial function [42]. Finally, ARBITER 2 and 3
(Arterial Biology for the Investigation of the Treatment
Effects of Reducing Cholesterol) examined the incremental
effect of niacin added to statin therapy on cardiovascular
outcomes by measuring carotid intima-media thickness
(CIMT) at 1 and 2 years, respectively [43,44]. After 12 months,
the mean CIMT increased significantly in the placebo
group and was unchanged in the niacin group. There was a
net regression of CIMT of -0.027 mm in participants
treated with ER niacin for 12 months and an additional
regression of CIMT of -0.041 mm in participants treated
for 24 months, thereby indicating that ER niacin significantly
induces atherosclerosis regression, in addition to increasing
HDL-C levels.
1714

8.

Safety and tolerability of niacin

The safety, tolerability and patient compliance of niacin, alone
and in combination with statins, have also been examined in
several studies. Patients studied from the HATS trial had
similar rates of side effects, such as muscle toxicity, hepatic
toxicity, gastrointestinal upset and hyperuricemia in both the
simvastatin/niacin group and in the placebo group [45].
Furthermore, glycemic control among diabetics declined
mildly in the simvastatin-niacin group, but returned to their
pretreatment levels at 8 months and remained stable for the rest
of the study. The rates of adverse event reports documented
by the FDA, associated with the combination of lovastatin/ER
niacin, have been compared with commonly used statins alone,
keeping in mind that FDA reports may reflect actual adverse
event reports [30]. The rate of serious adverse events reports
associated with the combination lovastatin/niacin-ER was similar to that of lovastatin or niacin-ER alone and significantly less
than that of atorvastatin or simvastatin. Finally, a 77% patient
compliance rate for niacin was found in the recent IMPACT
(Initial Therapy in the Impact of Medical Subspecialty on
Patient Compliance to Treatment) study [46].
9.

Dyslipidemia and the metabolic syndrome

Metabolic syndrome is highly prevalent, affecting ∼ 25% of
American adults [47]. Individuals with metabolic syndrome
are often overweight or obese and have a high risk for
development of cardiovascular disease and stroke, in both
men and women [48,49]. The VA-HIT (Veterans Affairs HDL
Intervention Trial) was designed to examine the role of therapy
directed at raising low levels of HDL-C and its impact on
long-term clinical events in individuals with low or normal
LDL-C levels [50]. The participants in VA-HIT had a high
prevalence of subjects with the metabolic syndrome, including
insulin resistance, obesity and hypertriglyceridemia. The lowest
5-year coronary artery disease event rates were observed in
patients whose HDL-C levels were > 35 mg/dl, suggesting
that HDL-C is an independent risk factor for coronary artery
disease in individuals with metabolic syndrome [50]. Niacin
represents an ideal choice in treating the triad of lipid
abnormalities seen in metabolic syndrome because it raises
HDL-C, lowers triglycerides and increases LDL-C particle
size. In fact, a post hoc analysis from the Coronary Drug
Project that evaluated the effects of niacin monotherapy on
nonfatal definite myocardial infarction in patients with and
without metabolic syndrome reflected a niacin effect that was
more favorable in patients with metabolic syndrome [51].
10. Niacin and cardiovascular disease
in women

In the US alone, more than 500,000 women die of
cardiovascular disease each year, exceeding the number of
deaths in men and the next seven causes of death in women
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combined [52]. Nearly two thirds of women who die suddenly,
secondary to coronary heart disease, have no previously
recognized symptoms. Based on many observational and
clinical studies, LDL-C is a strong predictor for cardiovascular
disease risk in women and is the primary target for intervention.
Triglyceride levels appear to have a stronger correlation with
heart disease in women compared to men [53]. HDL-C levels
are also higher in women than in men for each decade of life.
Although studies that address raising HDL-C have not been
performed exclusively in women, many studies, such as the
Framingham Heart Study, HATS and the COMPELL study,
have included a significant percentage of women so that certain
recommendations can be generalized to women. Optimal levels
of lipids and lipoproteins in women are LDL-C < 100 mg/dl,
HDL-C > 50 mg/dl, triglycerides < 150 mg/dl and nonHDL-C < 130 mg/dl [52]. In the updated American Heart
Association guidelines, niacin is recommended for the treatment
of low HDL-C and elevated non-HDL cholesterol in women
at high cardiovascular risk. Treatment of these abnormalities
may be started along with LDL-C lowering therapy; however,
in women with lower risk levels, niacin therapy should be
considered once the LDL-C goal has been reached [52]. More
targeted studies are indicated to further explore the effects of
niacin in women for an individualized treatment strategy
aimed at reducing cardiovascular morbidity and mortality.
11.

Conclusions

Niacin has many lipid and non-lipid effects that appear to
be favorable for primary and secondary prevention of
atherosclerosis. In addition to its HDL-raising abilities, niacin
has effects on other plasma lipoproteins, such as decreasing
triglycerides, VLDL, small, dense LDL and lipoprotein(a).
Niacin also has anti-inflammatory, antithrombogenic and
antioxidant properties. Given its broad array of atheroprotective effects, niacin should be aggressively used alone
and in combination with other lipid lowering agents in
patients at high risk for coronary heart disease. Niacin has
been well-studied and is safe and effective in patients with
diabetes and metabolic syndrome. Although more research
regarding women and heart disease is warranted, it is now
recommended that niacin be used in the treatment of low

HDL-C levels in women and for others at high risk of
developing coronary heart disease.
12.

Expert opinion

While the present mainstay of lipid modifying therapy
primarily targets lowering LDL-C levels, some studies indicate
that raising HDL-C offers additional atheroprotective
effects beyond lowering LDL-C alone. At present, niacin is the
single lipid-altering agent that is most effective at raising
HDL-C levels. Furthermore, niacin has also been shown to
confer atheroprotective effects in addition to lipid lowering.
Studies now indicate that niacin has anti-inflammatory and
antioxidant properties, and can aid in plaque regression
when used in combination with statins. Niacin has been
under used due to side effects such as flushing and
hepatotoxicity, but newer formulations of niacin are now
available that are more tolerable with less side effects. Recent
research also demonstrates that niacin is safe to use in patients
with diabetes and metabolic syndrome. The newer American
Heart Association guidelines recognize the importance of
using pharmacologic agents such as niacin to raise HDL-C in
men and women who are at high risk for developing atherosclerotic disease. When used in combination with other
pharmacologic agents such as statins, niacin can potentially
provide additional benefits in the prevention of cardiovascular
disease. A large, randomized placebo-controlled trial called
AIM-HIGH (Atherothrombosis Intervention in Metabolic
Syndrome with low HDL/high Triglycerides and Impact
on Global Health Outcomes) is underway to evaluate whether
a statin/niacin combination is superior in preventing cardiovascular events to statins alone. For now, existing data indicate
that niacin can be used safely in a wide population in the
prevention of cardiovascular disease.
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