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Abstract: Niacin (nicotinic acid) has been used for primary and secondary coronary heart disease pre-
vention for over 40 years. Until recently clinical trials incorporating niacin as part of an intervention strat-
egy consistently demonstrated reduction in clinical events and lesion improvement, including $6%
absolute mortality reduction. Two large clinical event trials in 2011 (Atherothrombosis Intervention in
Metabolic Syndrome With Low HDL/High Triglycerides and Impact on Global Health Outcomes) and
2014 (Heart Protection Study 2–Treatment of HDL to Reduce the Incidence of Vascular Events)
concluded that niacin added to statin therapy did not provide clinical event benefit over statin alone.
This has prompted some individuals to call for an end to the use of niacin in statin-treated patients
and the US Food and Drug Administration to halt marketing of statin/niacin combination tablets. There
are significant differences between the earlier clinical trials that revealed cardiovascular benefit of niacin
and the 2 trials that failed to demonstrate a benefit. These differences include dyslipidemia types, niacin
formulation, dosing, and timing. In general, the patient population that benefits the most from incorpo-
rating niacin in their treatment regimen can be defined by elevations in low-density lipoprotein choles-
terol and triglycerides, and reduced high-density lipoprotein cholesterol. The niacin formulation and dose
should be capable of achieving adequate lipoprotein change. Mealtime dosing of niacin, as opposed to
bedtime dosing, may avoid a counter-regulatory hormone response, including catecholamines, because
of altered fuel supply potentially leading to unexpected cardiovascular outcomes.
� 2017National LipidAssociation. All rights reserved. This is an open access article under the CCBY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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in Metabolic Syndrome With Low HDL/High Triglycerides
and Impact on Global Health Outcomes (AIM-HIGH) in-
vestigations has generated some controversy and confusion
among the public and medical community regarding the
evidence for efficacy of niacin (nicotinic acid) as a drug for
dyslipidemia and vascular disease treatment.1,2 Most recently,
the US Food and Drug Administration has announced with-
drawal of previously approved indications for the use of
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extended-release (ER) niacin co-administered with a statin,
commenting that existing evidence does not support that
reducing triglycerides or raising of high-density lipoprotein
cholesterol (HDL-C) with any drug improves cardiovascular
(CV) risk in patients on statins.3 A prominent physician
stated, ‘‘There is no evidence for any meaningful benefit
for addition of niacin or fibric acid derivatives to statins.
There are also significant harms associated with these drugs.
In the absence of benefits, there remain only harms.’’4 In this
review, we contend that the justification for this statement
pertaining to niacin is specific only to the unique characteris-
tics of HPS2-THRIVE and AIM-HIGH.1,2 There is abundant
evidence to support the use of niacin in combination with a
statin or bile acid–binding resin when niacin is administered
appropriately to the right patient populations. To appreciate
evidence for niacin benefit and to avoid discarding a compo-
nent of effective treatment for some patients, it is useful to
understand important differences between successful studies
using niacin and the lack of overall clinical event benefit in
HPS2-THRIVE and AIM-HIGH. The current confusion cre-
ates the risk to patient care of avoiding beneficial treatment in
specific patient groups that may benefit from niacin therapy.
In regard to clinical utility, we call to attention 7 relevant
points: (1) statin therapy alone is not sufficient to defeat cor-
onary atherosclerosis in many patients; (2) niacin has pro-
vided benefit in randomized clinical trials that differed in
critical ways from AIM-HIGH and HPS2-THRIVE; (3)
recent discoveries about non-lipoprotein effects of niacin
should guide understanding of clinical effects; (4) successful
niacin clinical trials used higher doses of niacin compared
with the unsuccessful studies and achieved greater blood lipid
change; (5) studies powered for arteriographic change, and
using niacin, reported both significant arteriographic benefit
and clinical event benefit; (6) niacin has a greater effect on
atherogenic dyslipidemia, a component of the metabolic
syndrome, compared with statin treatment; and (7) there is
a diversity of niacin preparations.
Statin therapy alone is not sufficient to
defeat coronary atherosclerosis

Although abundant evidence exists that statin therapy can
statistically significantly reduce clinical events, statin ther-
apy alone leaves substantial residual risk and will not defeat
coronary atherosclerosis in many patients. Statistical signif-
icance does not necessarily mean clinical relevance for all
patients. The 25% relative risk reduction (RRR) attributed to
statin therapy is actually only a 3% absolute risk reduction
(ARR) and reflects the need to go beyond therapy designed
to primarily reduce low-density lipoprotein cholesterol
(LDL-C).5,6 For example, in a meta-analysis of 5 statin
clinical trials, in 30,817 men and women, a 31% RRR in cor-
onary heart disease (CHD) events was reported.7 However,
this represents the difference between 2042 events (13.3%)
in the placebo group and 1490 events (9.7%) continuing to
occur in the statin treatment group. This reflects an ARR
of only 3.6% over a 5- to 6-year period. To achieve this de-
gree of event reduction, approximately 30 subjects had to be
treated to prevent 1 event. This can be compared with
clinical trials that used niacin combined with an LDL-C
lowering medication and reported that approximately 10
subjects had to be treated to prevent 1 event.6 The most
recent large statin study, JUPITER, treated 17,802 normoli-
pemic primary prevention subjects with elevated high-
sensitivity C-reactive protein blood levels with rosuvastatin
or placebo and achieved a 50% reduction in LDL-C and a
statistically significant reduction in the primary CV
endpoint.8 However, of the 8901 subjects in the placebo
group, 251 (2.8%) had an event and of the 8901 rosuvastatin
subjects, 142 (1.6%) still had an event. Unfortunately, many
patients on statin therapy experience a CV event and thus
have ‘‘failed’’ on statin therapy for its primary intent of
preventing CV events. Recent evidence from JUPITER has
revealed that residual small LDL independently predicts
CV events.9 Niacin is effective at reducing small LDL.10

Niacin has provided benefit in randomized
clinical trials that differed in critical ways
from AIM-HIGH and HPS2-THRIVE

Niacin has a long history of clinical use for treatment of
dyslipidemia by clinicians and researchers dating back to the
Coronary Drug Project report of 1975.11 Reviews abound that
discuss the reputedly beneficial pharmacotherapeutic effects
of niacin and lipoprotein disorders that it can modify.12–15

The most striking benefit in any large atherosclerosis
risk reduction trial was 6.2% absolute mortality benefit
(P 5 .0004) for the niacin group in a 15-year follow-up of
the Coronary Drug Project.11 The small Stockholm
Ischemic Heart Disease study echoed this result, showing
7.8% absolute mortality benefit (P 5 .035) over 5 years
for combination niacin-clofibrate therapy vs no lipid medi-
cation.16 In comparison, the best absolute mortality benefit
from any statin trial was 3.5% (P 5 .0003) in the Scandina-
vian Simvastatin Survival Study.17

Two randomized trials with arteriographic primary end-
points, comparing placebo treatment vs combination drug
regimens including niacin, found unexpectedly large re-
ductions of combined CVevents. In the HDL Atherosclerosis
Treatment Study (HATS) RRR was 70% and ARR 20% over
3 years.18 The Armed Forces Regression Study (AFREGS)
found RRR of 48% and ARR of 14% over 2.5 years.19

In the trials cited previously mentioned, control patients
did not receive statins. The presence of statin background
therapy is generally suggested as the reason for lack of
benefit for niacin in AIM-HIGH and HPS2-THRIVE. How-
ever, there are other major differences between these 2 trials
and earlier ones. We will give attention to differing patient
populations and to bedtime vs mealtime dosing of niacin.

Historically, niacin has been prescribed, either alone or
in combination with other lipid medications, for patients
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with specific lipoprotein disorders such as hypertriglycer-
idemia, hyperapobetalipoproteinemia, familial combined
hyperlipidemia, and hypoalphalipoproteinemia.20 It is
generally not used in normolipidemic individuals, nor as
a population-wide general heart disease prevention treat-
ment as was tested in HPS2-THRIVE.

Successful studies recruited a patient population most
likely to benefit from niacin and avoided those in whom
niacin would not normally be used. For example, CHD
patients with elevated apolipoprotein B in Familial Athero-
sclerosis Treatment Study (FATS) or low HDL-C in
HATS.18,21 The HPS2-THRIVE population did not express
the lipoprotein disorders that would clinically prompt the
use of niacin and had a mean baseline LDL-C of
1.63 mmol/L (63 mg/dL), triglycerides of 1.43 mmol/L
(127 mg/dL), and HDL-C of 1.28 mmol/L (49.6 mg/dL),
which excluded patients most likely to benefit from niacin.1

The AIM-HIGH study did address a population thought to
benefit from niacin because of low HDL-C.2 AIM-HIGH
addressed the hypothesis that treatment with ER niacin,
in patients with optimally controlled LDL-C levels of
1.03 to 2.07 mmol/L (40–80 mg/dL), but low HDL-C
would decrease the rate of CV events in patients with a
documented history of atherosclerotic CV disease and an
atherogenic lipid profile consisting of low HDL-C
(,1.03 mmol/L (,40 mg/dL for men), ,1.29 mmol/L
(,50 mg/dL for women)) and elevated triglycerides
.1.69 mmol/L (.150 mg/dL). For patients on a statin at
entry, the mean LDL-C was 1.83 mmol/L (71 mg/dL),
HDL-C was 0.90 mmol/L (34.9 mg/dL), and triglycerides
were 1.82 mmol/L (161 mg/dL). Thus, AIM-HIGH patients
had only moderate expression of the atherogenic lipopro-
tein phenotype (ALP), which is the phenotype most likely
to benefit from niacin therapy.

Selecting a study population most likely to benefit from
a specific treatment makes rational sense. This is partic-
ularly evident in patients expressing the metabolic syn-
drome. In these patients, a combined analysis of the FATS,
the HATS, and the AFGEGS revealed that patients with
the metabolic syndrome had 50% more rapid coronary
stenosis progression and a 64% increased CV event
frequency compared with those without the metabolic
syndrome.22 More rapid coronary stenosis progression
was significantly and independently associated with a
3.5-fold increased event risk in the metabolic syndrome
group (P , .001). The combination niacin therapy used
in these trials reduced the event rate by 54% (P 5 .03)
in the metabolic syndrome patients and 82% (P 5 .002)
in those without the metabolic syndrome. A further anal-
ysis in AIM-HIGH showed that a subgroup of patients
with high triglycerides $2.24 mmol/L ($198 mg/dL)
and low HDL-C , 0.85 mmol/L (,33 mg/dL) potentially
could benefit from the combination of statin and niacin
therapy with a hazard ratio of 0.74 (P 5 .07).23
In addition, beneficial effects of combination niacin
therapy in both coronary stenosis and clinical events in
FATS and HATS appear to be closely associated with
reduction in triglyceride-rich lipoprotein particles including
dense LDL, intermediate-density lipoprotein, and dense
VLDL.24 Subjects enrolled in AIM-HIGH had median
baseline triglycerides of 1.82 mmol/L (161 mg/dL) while
triglyceride levels were in the range of 2.26 mmol/L
(200 mg/dL) in FATS and HATS. We would hypothesize
that patients on niacin with high triglycerides would have
a greater CV benefit that those with normal-low plasma
triglycerides by maximizing the benefits associated with a
significant decrease of triglyceride-rich VLDL, their
remnants, and dense LDL particles. Normotriglyceridemic
individuals do not have the lipid phenotype with increased
lipoprotein remnants and dense LDL, thereby limiting the
potential benefits on coronary stenosis and CV events
associated with changes in these lipoproteins.10

Niacin given to fasting or nearly fasting subjects, as occurs
with bedtime dosing, has been shown to reduce nonesterified
fatty acid levels in plasma by more than 60%.12,13 Myocar-
dial fuel metabolism shifts substantially from fatty acids to
glucose and a counter-regulatory hormone response to in-
crease glucose production by the liver is postulated.12,25

Consistent with this view, plasma epinephrine has been
shown to increase 2.7-fold (P , .05) in fasting subjects
1 hour after oral niacin administration.26 Sympathetic activa-
tion (and consequent CV events) may differ depending on
whether niacin is dosed at mealtime or not. Prior trials
generally dosed niacin at mealtime to reduce flushing, but
AIM-HIGH and HPS2-THRIVE dosed niacin at bedtime.
Recent discoveries about non-lipoprotein
effects of niacin should guide
understanding of clinical effects

Lipoprotein and non-lipoprotein effects of niacin may
help to explain beneficial effects of niacin on atheroscle-
rosis. The discovery that the G-protein coupled receptor,
now called hydroxycarboxylic acid receptor-2 (HCAR2;
synonyms GPR109A, HM74A), mediates niacin-induced
skin flushing and anti-lipolysis in adipocytes opened a new
era for understanding niacin pharmacology.27 In response to
niacin, HCAR2 on monocytoid cells and macrophages
leads to suppression of inflammatory responses and
increased cholesterol efflux. Importantly, Lukasova et al.
showed, in a mouse bone marrow replacement experiment
that atherosclerosis prevention by niacin in LDL receptor-
deficient mice depended on the presence of HCAR2 in
the transplanted bone marrow cells.28 Thus, niacin may
act to improve atherosclerotic lesions by mechanisms
independent of changes in plasma lipoproteins and even
independent of cholesterol efflux potential.



Table 1 Clinical trials and the subject type, dose of niacin (immediate release [IR] or delayed release [DR]) and other medications,
and general outcomes used in the investigations

Study Patient type Medications Outcome

CLAS34 CABG 4.3 g/d IR niacin Arteriographic regression P 5 .002
FATS21 CHD, ApoB . 1.25 g/L (.125

mg/dL)
4 g/d IR niacin 1 30 g/d colestipol Reduced arteriographic progression

P , .005, and events P 5 .01
HATS18 Low HDL-C, CHD, Trig w2.26

mmol/L (w200 mg/dL), dose
individualized

2.4 g/d niacin (combo Slo-Niacin or
IR niacin) 1 12 mg/d simvastatin

Regression P 5 .001, reduced
events P 5 .03

AFREGS19 CHD CHD, low HDL-C 3 g/d IR niacin, 16 g/d
cholestyramine, 1200 mg/d
gemfibrozil

Arteriographic regression P 5 .04,
reduced events P 5 .04

HPS2-THRIVE1 CVD CVD, no lipid criteria 2 g/d ER niacin, 40 mg/d
simvastatin, 10 mg/d
laropiprant

No benefit of niacin 1 laropiprant
added to simvastatin

AIM-HIGH2 CVD CVD, HDL-C ,1.03 mmol/L
(,40 mg/dL) males,
,1.29 mmol/L (,50 mg/dL)
females, Trig 1.69–4.52 mmol/L
(150–400 mg/dL)

1.5–2.0 g/d ER niacin,
simvastatin 1 ezetimibe

No benefit of niacin added to
simvastatin 1 ezetimibe

AFREGS, Armed Forces Regression Study; AIM-HIGH, Atherothrombosis Intervention in Metabolic Syndrome With Low HDL/High Triglycerides and

Impact on Global Health Outcomes; ApoB, apolipoprotein B; CHD, coronary heart disease; CLAS, Cholesterol Lowering and Atherosclerosis Study; CVD,

cardiovascular disease; ER, extended release; FATS, Familial Atherosclerosis Treatment Study; HATS, HDL Atherosclerosis Treatment Study; HDL-C, high-

density lipoprotein cholesterol; HPS2-THRIVE, Heart Protection Study 2–Treatment of HDL to Reduce the Incidence of Vascular Events.

1312 Journal of Clinical Lipidology, Vol 11, No 6, December 2017
Successful niacin clinical trials used higher
doses of niacin compared with the
unsuccessful studies and achieved greater
blood lipid changes

Successful studies used higher doses of immediate
release niacin (average 5 3.4 g/d) and achieved greater
blood lipid change than in HPS2-THRIVE and AIM-HIGH
(Table 1). In HPS2-THRIVE, a dose of 2 g/d ER nia-
cin 1 laropiprant was used with a 78% compliance rate
and in AIM-HIGH 1.5-2.0 g/d of an ER niacin was used
with 75% compliance.1,2 It has been suggested that the
improved tolerability of ER lower dose niacin regimen
may have come at the cost of diminished efficacy.29

HPS2-THRIVE and AIM-HIGH used an average ER niacin
dose of 1.9 g/d and achieved an average change of LDL-C
216.0%, triglycerides 224.0%, and HDL-C 122.0%
compared with the 4 successful studies noted in Table 1
that averaged a daily dose of immediate release niacin of
3.4 g that produced a change in LDL-C of 235.8%, triglyc-
erides 235.0%, and HDL-C 135.5%. Immediate release
niacin, compared with slow-release niacin has been shown
to have greater effects on blood lipids and HDL2-C.30

Investigation of the relationship of lipoproteins to CV
events in AIM-HIGH showed that in-trial lipoprotein levels
were associated with CV events in the statin group: LDL-C
(hazard ratio [HR] 5 1.39, 95% confidence interval [CI]:
1.16–1.67, P , .001), non-HDL-C (HR 5 1.31, 95% CI:
1.13–1.52, P , .001), and total cholesterol over HDL-C ra-
tio (HR 5 1.20, 95% CI: 1.06–1.53, P 5 .003). However,
combination therapy with statin and niacin in AIM-HIGH
basically eliminated the CV event risk associations with
these lipoprotein parameters.23 This raised the possibility
that ER niacin might have off-target effects such as cate-
cholamine release that possibly diminished the anticipated
clinical benefit associated with the favorable lipid effects.31

Similarly, there may be off-target or non-lipoprotein bene-
ficial effects of immediate release niacin.27,28
Clinical trials powered for arteriographic
change reported both significant
arteriographic benefit and clinical event
benefit

The beneficial effect of niacin appears to be easier to
detect in patients with established coronary artery disease
(CAD) and dyslipidemia. Arteriographic regression studies
using niacin and a statin have demonstrated beneficial effects
on arteriographic outcome. Of clinical relevance is the finding
that improvement in arteriographic obstruction is associated
with reduced clinical events.32,33 Change in arteriographic
outcomes are valid clinical endpoints and do not require the
very large sample size and funding support as needed in
clinical event trials such as HPS2-THRIVE and AIM-HIGH.

Four well-conducted clinical investigations have demon-
strated a significant beneficial effect of niacin on arterio-
graphic disease progression and clinical events (Fig. 1).
They used higher doses of niacin and in patient populations
most likely to benefit from niacin and who had not
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Figure 1 Percent of patients with clinical cardiovascular events
in the control and treatment group of statin studies (meta-analysis
and JUPITER) compared with the extended-release niacin plus
statin studies (HPS2-THRIVE (1) and AIM-HIGH (2)) and
compared with the arteriographic studies using higher doses of
niacin and statin or bile acid–binding resin (HATS,18 AFREGS,19

FATS,21 CLAS34).

Superko et al Niacin, a mistake to proclaim its death 1313
previously received intensive lipid treatment before entering
these studies.18,19,21,34 The Cholesterol Lowering and
Atherosclerosis Study was the first investigation to demon-
strate in 162 subjects that arteriographically defined CAD
regression was possible with a combination of colestipol
and immediate-release niacin.34 LDL-C was reduced 43%
and HDL-C increased 37% and new lesion formation signif-
icantly reduced (P , .03). The average on-trial colestipol
dose was 29.5 g/d and immediate release niacin was 4.3 g/d.

The FATS investigated the effect of 3 treatments on
arteriographic disease progression.21 Treatment groups were
lovastatin 40 mg/d 1 colestipol 30 g/d, immediate-release
niacin (4 g/d) and colestipol 30g/d, and ‘‘conventional therapy’’
plus placebo in 120menwith establishedCADand apolipopro-
tein B $ 1.25 g/L ($125 mg/dL). Compliance to
niacin 1 colestipol was reported to be 86% and showed
greater benefit than statin 1 colestipol. The
niacin 1 colestipol combination reduced LDL-C 32% and
increased HDL-C 43% compared with 27% and 15% in the
conventional therapy group. Arteriographic progression was
less frequent among patients who received
lovastatin 1 colestipol (21%) and those who received niacin
and colestipol (25%), and regressionmore frequent in the lova-
statin 1 colestipol group (32%) and the niacin 1 colestipol
group (39%) compared with the control group. Important
for this discussion was the finding that clinical CV disease
events occurred in 19.2% of the conventional therapy group
compared with 8.3% in the lovastatin 1 colestipol group and
4.2% in the niacin1 colestipol group.

The HATS investigated the effect of simvastatin1 niacin,
simvastatin 1 niacin 1 antioxidants, antioxidant vitamins,
and placebo in 160 subjects with established CAD and low
HDL-C w0.78 mmol/L (w30 mg/dL) and relatively normal
LDL-C w3.31 mmol/L (w128 mg/dL) on arteriographic
change.18 Niacin therapy was either slow-release niacin
(Slo-Niacin) or immediate release niacin (Niacor) based on
individual subject dosing needs to achieve an HDL-C goal.
In the simvastatin 1 niacin group, LDL-C was reduced
42% and HDL-C increased 26%. The average stenosis pro-
gressed by 3.9% with placebo, 1.8% with antioxidants
(P 5 .16 for the comparison with the placebo group), and
0.7% with simvastatin 1 niacin 1 antioxidants (P 5 .004)
and regressed by 0.4% with simvastatin 1 niacin alone
group (P , .001). The frequency of the clinical endpoint
was 24% with placebo, 21% in the antioxidant therapy
group, 14% in the group given simvastatin 1 niacin plus
antioxidants, and 3% in the group treated with
simvastatin 1 niacin alone. The risk of the composite pri-
mary endpoint was 90% lower in the simvastatin 1 niacin
group than in the placebo group (P 5 .03).

The AFREGS investigated the effect of combination
therapy with gemfibrozil (1200 mg/d), immediate-release
niacin (3 g/d), and cholestyramine (16 g/d) compared with
‘‘conventional therapy’’ on arteriographic change in 143
subjects with established CAD and low HDL-C of
0.88 mmol/L (34 mg/dL).19 Mean LDL-C at baseline was
3.31 mmol/L (128 mg/dL). Treatment reduced LDL-C
26% and increased HDL-C 36%. Focal coronary stenosis
increased by 1.4% in the placebo group but decreased by
0.8% in the drug group (difference, 22.2 percentage points
[CI, 24.2 to 20.1 percentage points]). A composite CV
event endpoint was reached in 26% of patients in the
placebo group and 13% of those in the drug group. Drug
therapy significantly reduced CV events (P 5 .04).

Two additional clinical trials gave similar results, but are
not reviewed in detail here. The University of California
San Francisco – SCOR trial, which used immediate-release
niacin and bile acid–binding resins, and/or lovastatin, in
patients with familial hypercholesterolemia, showed mean
regression of coronary lesions vs progression in control
patients (P 5 .039).35 The Arterial Biology for the Investi-
gation of the Treatment Effects of Reducing Cholesterol 3
trial found mean regression of carotid intima-media
thickness (P , .001 vs baseline) in patients treated for
2 years with ER niacin added to simvastatin.36

The results and implications of these well-conducted
clinical trials should not be ignored based on the results of
HPS2-THRIVE, which used lower doses of ER niacin in a
patient population not normally treated with niacin. An
initial mean LDL-C of 1.63 mmol/L (63 mg/dL) and HDL-
C of 1.14 mmol/L (44.1 mg/dL) and triglycerides of
1.43 mmol/L (127 mg/dL) in HPS2-THRIVE does not
represent a patient population that most clinicians would
elect to treat with niacin.1 The ‘‘exploratory analysis’’ in a
subset defined by HDL-C ,40 mg/dL in men and ,51 mg/
dL in women and triglyceride values above 151 mg/dL is
inadequate to conclude niacin ineffectiveness. Fasting tri-
glyceride in this range is a poor predictor of the atherogenic
lipoprotein profile.37 The lower dose of niacin used in
HPS2-THRIVE, compared with the successful clinical tri-
als, may have also failed to achieve an adequate therapeutic
threshold particularly in patients with low HDL-C and
elevated triglycerides. It is important to recall that HPS2-
THRIVE was not a test of the 2 drugs ER niacin and a
statin, but rather of 3 drugs, ER niacin, statin, and
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laropiprant. Most of the side effects reported in HPS2-
THRIVE have also been previously associated with niacin
treatment but new to this debate is the additional
complexity of the new drug laropiprant and potential inter-
action with niacin in regard to established side effects and
particularly in regard to the statistically significant 1.4%
point difference in infection. Although most basic science
research suggests laropiprant has no adverse effect on lipid
metabolism, it has been suggested that it may restrain the
atheroprotective effects of niacin by enhancing the effect
of thromboxane A2.38,39 Suspicion has also been raised
that the addition of laropiprant to niacin may be responsible
for an impairment of endothelial function that might
explain, at least in part, the lack of a clinical net benefit
of niacin/laropiprant in the HPS2-THRIVE study.40 Thus,
it is inappropriate to conclude that niacin alone failed to
achieve statistical significance, but rather it was the combi-
nation of niacin and laropiprant that failed.

The success or failure of treatment in these investiga-
tions is dependent not only on the type of therapy but also
the characteristics of the dose and duration as well as the
population selected to be tested. The significant reduction
in all-cause mortality at 15 years of follow-up in the
Coronary Drug Project prompted the investigators to sug-
gest that the benefit of niacin may require .6 years of
treatment.11 Thus AIM-HIGH and HPS2-THRIVE may
have inadequate time for the beneficial effects of relatively
low-dose niacin to be appreciated.

It would be a disservice to patients and the medical
community to conclude from the HPS2-THRIVE results
that niacin was ineffective in reducing CV disease risk, or
excessively dangerous because of adverse effects. Niacin is
not a drug useful in all patients but in patient populations
with disorders addressed by niacin, it can result in
arteriographic regression and a significant reduction in
clinical events. Clinicians familiar with the clinical use of
niacin have appreciated for over 50 years that it requires
patient management and follow-up to maintain compliance
and deal with side effects that are often temporary and
manageable. When used in the correct population and at a
Table 2 Baseline blood lipid values in mmol/L (mg/dL) and change

Study LDL-C Triglyceride HDL-C Bas

CLAS33 4.42 (171) 1.71 (151) 1.15 (44.6) 3.8
FATS20 4.91 (190) 2.19 (194) 1.01 (39.1) 4.8
HATS17 3.26 (126) 2.45 (217) 0.80 (31) 4.0
AFREGS18 3.31 (128) 1.90 (168) 0.88 (34) 3.7
Weighted mean 3.96 (153) 2.04 (181) 0.97 (37.5) 4.0
HPS2-Thrive1 1.63 (63) 1.43 (127) 1.14 (44.1) 1.4
AIM-HIGH2 1.84 (71) 1.82 (161) 0.90 (34.9) 2.0
Weighted mean 1.66 (64) 1.48 (131) 1.11 (43) 1.5

AFREGS, Armed Forces Regression Study; AIM-HIGH, Atherothrombosis Int

Impact on Global Health Outcomes; CLAS, Cholesterol Lowering and Atheroscle

Atherosclerosis Treatment Study; HDL-C, high-density lipoprotein cholesterol;

Incidence of Vascular Events; LDL-C, low-density lipoprotein cholesterol.
therapeutic dose, niacin can assist in significantly reducing
coronary arteriographic progression and clinical events.

AIM-HIGH did address the effect of niacin plus statin and/
or ezetimibe in a population deemed to be appropriate for such
intervention. At entry, the median LDL-C was 1.84 mmol/L
(71 mg/dL), HDL-C 0.91 mmol/L (35 mg/dL), and TG
1.82 mmol/L (161 mg/dL). Of relevance to our discussion,
81%of the subjects had themetabolic syndrome. The elevated
triglycerides and reduced HDL-C identified a patient popula-
tion that would be expected to benefit from niacin treatment.
The lack of a significant reduction in clinical events in
response to the addition of 1.5 to 2.0 g/d ER niacin to 40 to
80 mg/d simvastatin could be because of an insufficient dose
of niacin. The 12% reduction in LDL-C, 28% reduction in
triglycerides, and 28% increase in HDL-C were less than the
average in the ‘‘successful’’ niacin studies (Table2).TheAIM-
HIGH investigators conducted an important investigation.
However, it was plagued by several issues that could impact
the results interpretation. Ninety-four percent of the subjects
were already taking a statin at entry to the study and the base-
line LDL-C level was more than 50% lower than the average
‘‘successful’’ niacin studies, which may have created a more
stable atherosclerosis status from which to assess clinical
events. Furthermore, the anticipated between group difference
in HDL-C values was not achieved because of an unexpected
rise in HDL-C in the placebo group. Sub-group analysis has
suggested a clinical benefit in patients with higher
triglyceride values. A subgroup analysis from the AIM-
HIGH trial showed that in 552 patients with triglycerides
$198 mg/dL and HDL-C ,33 mg/dL, there was a close to
significant (P5 .07) reduction in events.41
Niacin has a greater effect on atherogenic
dyslipidemia compared with statin
treatment

The recent Food and Drug Administration announcement
raises the issue of whether there is a need for niacin or
whether statins alone are adequate to provide optimal
(D) in response to treatment during the studies

eline LDL/HDL %D LDL-C %D Triglyceride %D HDL-C

4 243 221 37
6 232 233 43
8 242 238 26
6 226 250 36
8 236.6 234.6 35.1
3 220 220 17
4 212 228 28
0 219.1 220.9 18.3

ervention in Metabolic Syndrome With Low HDL/High Triglycerides and

rosis Study; FATS, Familial Atherosclerosis Treatment Study; HATS, HDL

HPS2-THRIVE, Heart Protection Study 2–Treatment of HDL to Reduce the
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beneficial effects on blood lipids and associated clinical
events. The atherogenic dyslipidemia associated with the
metabolic syndrome and obesity is characterized by an
abundance of small, dense LDL particles.42 Statin medica-
tions have little effect on altering LDL particle size.43 Niacin
has a greater effect on reducing atherogenic lipoproteins in
the small, dense LDL region than other pharmacologic
treatments including statins.44,45 A reduction in small LDL
attributed to niacin has recently been shown to correlate
significantly with arteriographic and clinical event benefit
independent of standard lipid measurements in patient
populations with lipid disorders appropriate to the use of
niacin.46,47 In addition, like the ‘‘pleotropic effects’’
attributed to statin drugs, niacin has other metabolic effects
including cellular effects on cholesterol efflux and
inflammation that may benefit patients with
atherosclerosis.12,13,25,26,30,32,33,39,40
Diversity of niacin preparations

Niacin is available in a variety of forms and composi-
tion. For clinical purposes, niacin preparations can be
divided into 2 basic groups, immediate-release niacin and
niacin formulated in a manner to delay the release of the
niacin, including a wax matrix version, slow release, and
polygel ER. It is recommended that doses not exceed
2000 mg/d for any of the non-immediate release versions.
The studies using higher doses of niacin used immediate
release versions. A dose and niacin preparation ‘‘type’’
investigation revealed that 3000 mg/d immediate-release
niacin had significantly greater effects on lipids and LDL
subclass distribution compared with 1500 mg/d ER
niacin.44 This difference was particularly powerful when
subjects were classified as the small LDL pattern B
compared with the large LDL pattern A phenotype. While
ER niacin has been shown to have similar lipid effects as
immediate-release niacin and better tolerance after 8 weeks
of treatment, after 16 weeks of treatment, the ER effect
remained stable while the immediate-release niacin
doubled the change in lipid measurements suggesting a
delayed efficacy effect of immediate-release niacin.48
Conclusion

Treatment with niacin, in combination with a statin or
bile acid–binding resin, has been shown to significantly
reduce the rate of arteriographic CAD progression and
significantly reduce clinical CV events in several studies.
HPS2-THRIVE and AIM-HIGH have not replicated these
earlier clinical trial results, which has prompted some
individuals to proclaim that there is no benefit to the
combination of niacin and a statin and call for putting an
end to the combined use of statins with niacin. This is a
dangerous conclusion not consistent with previous
well-designed and conducted clinical trials. Both
HPS2-THRIVE and AIM-HIGH have critical design
issues that call into question the overreaching conclusion
that niacin has no benefit in statin-treated patients,
including failure to build on the design of the previously
‘‘successful’’ niacin studies. Some of these issues include
patient population selection (greatly differing lipoprotein
patterns at baseline), type of niacin, dose and timing of
administration of niacin, blood lipid change achieved,
duration of treatment, and the use of a third medication,
laropiprant, that may have blunted the beneficial effect of
niacin. Indeed, engraving the tombstone for niacin plus
statin is premature and a mistake that removes a proven
effective therapy in appropriate patient populations,
treated with the appropriate dose to achieve adequate
blood lipid change and a reduction in atherosclerosis
progression and clinical events. We strongly encourage
the AIM-HIGH and HPS2-THRIVE investigators to make
their data available for further analysis by outside
scholars to help clarify the clinical utility of
niacin 1 statin therapy.

Future research with niacin should examine in detail the
postulated counter-regulatory hormone response to niacin
administered at bedtime, as well as the effect of mealtime
dosing.23 Clinical trial designs should address specific
patient subgroups. Of particular interest would be the effect
on patients with the ALP compared with subjects with
similar LDL-C values but lacking the atherogenic aspects
of ALP.49 Subjects with ALP have been shown to have a
3-fold increased risk for CAD independent of other risk fac-
tors and have a greater response to niacin compared with
those without ALP.44 Genetic markers can now identify poly-
genic attributes associated with this phenotype and triglycer-
ide blood levels.50 Future research may help to determine if
genetic analysis is an efficient way to identify patients most
likely to have a beneficial CV response to niacin.
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