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Current studies evaluating the efficacy and safety of lipid-targeted
therapies to reduce cardiovascular events are being performed
on the background of statin therapy, given the overwhelming evi-
dence from numerous randomized clinical studies indicating a
reduction of occlusive vascular events by statin therapy.1

Niacin: a lipid-modifying agent
with a long history
Already in 1955 Dr Altschul and colleagues described that high
doses of the vitamin B3 (niacin) reduced serum cholesterol
levels (Figure 1).2 Later, the Coronary Drug Project (CDP) spon-
sored by the National Heart and Lung Institute (published in
1975) tested the efficacy and safety of long-term therapy with a
high dose of niacin (3 g/day) in men after myocardial infarction.3

In the CDP there was no significant effect of niacin therapy on
the primary endpoint, i.e. all-cause mortality, but a significant re-
duction in the rate of recurrent non-fatal myocardial infarction
by 27% was observed.3 The authors concluded that the ‘Coronary
Drug Project data yield no evidence that niacin influences mortality
of survivors of myocardial infarction; this medication may be slight-
ly beneficial in protecting persons to some degree against recur-
rent nonfatal myocardial infarction’, that is to say the authors
were not overly enthusiastic with respect to the efficacy of the
compound to prevent major cardiovascular events. Already in
this early study it became apparent that the adherence to niacin

therapy was significantly reduced as compared with placebo, prob-
ably due to the well-known skin and gastrointestinal side effects of
the compound.3

The niacin receptor GPR109A
and niacin-induced flushing
The mechanisms underlying the effects of niacin on lipids are still
not completely understood, but include a decreased lipolysis due
to inhibition of the hormone-sensitive triglyceride lipase in adipo-
cytes.4 In 2003, the discovery of the niacin receptor, the Gi

protein–coupled receptor GPR109A (HM74A in humans;
PUMA-G in mice) was reported, that later allowed a better under-
standing of the mechanisms underlying the well-known niacin-
associated flush.5 These studies could show that niacin-induced
flushing was mediated by the niacin receptor GPR109A, that was
also thought to mediate the effects of niacin on lipids and on
experimental atherosclerosis.5– 7 Furthermore, it was suggested
that niacin-induced flushing involved the release of prostaglandin
D(2) and prostaglandin E(2), and the respective prostaglandin
D(2) and prostaglandin E(2) receptors,5,6 resulting in the concept
of a blockade of the prostaglandin D(2) receptor-1 to reduce
niacin-induced flushing. Later, a clinical study in 1455 patients
with dyslipidaemia focusing on niacin-induced ‘flushing’ suggested
that the addition of the prostaglandin D(2) receptor-1 antagonist
laropiprant to extended-release (ER) niacin significantly reduced
niacin-associated flushing.8 Moreover, Lukasova et al. suggested in
experimental studies that niacin reduced the progression of ath-
erosclerosis by direct stimulation of GPR109A on immune cells
(e.g. macrophages) leading to reduced inflammatory activation in-
dependent of lipid-modifying effects.7 A subsequent clinical study
by Taylor et al. suggested that addition of ER niacin to long-term
statin therapy resulted in a modest regression of carotid intima-
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media thickness in patients with coronary artery disease or risk
equivalent.9

Clinical outcome trials of niacin in
combination with statin therapy
More recently, two clinical outcome studies (AIM-HIGH and
HPS2-THRIVE) have consequently been evaluating the effects of
ER niacin therapy or the combination of ER niacin with laropiprant
on cardiovascular events in addition to statin therapy.10,11 The
Atherothrombosis Intervention in Metabolic Syndrome with Low
HDL/High Triglycerides: Impact on Global Health Outcomes trial
(AIM-HIGH) was aiming to evaluate the impact of raising
HDL-cholesterol levels with niacin therapy (1.5–2 g/day) on car-
diovascular events in subjects with similar LDL-cholesterol levels
(achieved by higher statin doses and ezetimibe therapy in the com-
parator treatment arm).11 In this study, the primary endpoint, a
composite of the first event of death from coronary heart
disease, non-fatal myocardial infarction, ischaemic stroke, hospital-
ization for an acute coronary syndrome, or symptom-driven cor-
onary or cerebral revascularization, was not reached by niacin

therapy in patients with established cardiovascular disease and an
atherogenic dyslipidaemia.11 In fact, the trial was stopped early
because the boundary for futility had been crossed and a higher
number of ischaemic strokes was observed in patients assigned
to niacin.11 However, the interpretation of the results of the trial
with respect to niacin has been somewhat difficult due to the
design, i.e. the fact that more placebo-treated patients required
increases in the statin dose or addition of ezetimibe, which could
have partly blunted a potential therapeutic benefit of niacin
(Figure 2).

The substantially larger Heart Protection Study 2-Treatment of
HDL to Reduce the Incidence of Vascular Events (HPS2-THRIVE)
study has now evaluated the combination of ER-niacin (2 g/day)
with the prostaglandin D(2) receptor-1 antagonist laropiprant
(40 mg) in 25 673 patients with pre-existing occlusive vascular
disease.10 The sponsor of the trial has recently communicated
that the study did not meet its primary endpoint of reduction of
major vascular events, although the detailed data presentation is
still expected. Within this large-scale clinical study, a careful ana-
lysis of the side effects was pre-specified, in particular with
respect to muscle and liver outcomes and reasons for stopping
study treatment that is reported in the European Heart Journal.
The addition of ER niacin/laropiprant to 40 mg simvastatin
therapy (and ezetimibe in some participants) increased the risk
of definite myopathy. The risk of myopathy on the combination
therapy was substantially more pronounced in Chinese patients
as compared with European patients, indicating that the safety of
a drug in one region and in Caucasians cannot necessarily be trans-
lated to other regions, such as Asia.10 Interestingly, although the
name of the trial focuses on the HDL-cholesterol-raising effects
of niacin, there was also a 19.9% reduction of LDL-cholesterol
levels and a 19.5% reduction of triglycerides already in the run-in
phase, and niacin is also known to lower the proatherogenic lipo-
protein(a). The vascular effects of HDL have been observed to be
highly heterogenous, e.g. the endothelial-protective properties of
HDL are impaired in patients with coronary disease or diabetes
as compared with healthy subjects,12–15 which may represent
one mechanisms limiting beneficial effects of HDL-cholesterol-
raising therapies in these patients. The above observations of

Figure 1 Niacin (vitamin B3)—a lipid-modifying agent with a
long history.

Figure 2 Comparison of the AIM-HIGH and the HPS2-THRIVE trial. C, cholesterol; ER, extended release; FU, follow-up.
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substantially lowered LDL-cholesterol levels, however, raise im-
portant questions as to why niacin/laropiprant did not reduce
major cardiovascular events.

Cardiovascular biology of the
prostaglandin D(2) receptor-1?
The question arises of whether the prostaglandin D(2) receptor-1
antagonist laropiprant, that was used to reduce niacin-induced
flushing, is really biologically inert with respect to atherosclerosis
and thrombosis, in particular since little is known about the cardio-
vascular biology of prostaglandin D(2). Interestingly, a recent
experimental study has observed that prostaglandin D(2)
receptor-1 deletion in mice augmented aneurysm formation
and accelerated atherogenesis and thrombogenesis, and these
authors suggested that niacin-induced prostaglandin D(2) release
may function as a constraint on platelets during niacin therapy.16

The effects of inhibition of the prostaglandin D(2) receptor-1 by
laropiprant on thrombosis and atherosclerosis in humans in vivo
are probably difficult to predict and complex, since it has been
observed that on the one hand laropiprant at low concentrations
prevented the inhibitory effects of prostaglandin D(2) on platelet
function, including effects on platelet aggregation and thrombus
formation, but on the other hand laropiprant at higher concentra-
tions attenuated platelet activation induced by thromboxane and
inhibited thrombus formation.17 Similarly, the effects of prostaglan-
din D(2) receptor-1 inhibition on atherosclerotic plaque formation
in mouse models have not been consistent, with accelerated ath-
erosclerosis in some, but not all atherosclerotic mouse models.18

Where do we go from here?
Given the disappointing efficacy results of the two recent clinical
outcome studies of ER niacin in addition to statin therapy and

the increased risk of myopathy observed in the HPS2-THRIVE
study, niacin has failed as a valuable ‘partner’ of statin therapy in
lipid-targeted approaches to reduce major cardiovascular events
further in high-risk patients. There are, however, several large-scale
clinical trials under way that focus either on further LDL-
cholesterol reduction by inhibition of intestinal absorption
(IMPROVE-IT) or PCSK9 antagonism (e.g. ODYSSEY), on com-
bined LDL-cholesterol lowering and HDL-cholesterol raising by
potent cholesteryl ester transfer protein inhibition with anacetra-
pib (HPS3-TIMI55) or evacetrapib (ACCELERATE), or on short-
term HDL raising by infusion (Figure 3).

At present, statin therapy has been clearly shown to reduce vas-
cular events effectively and is reasonably well tolerated in most
patients. We will still have to wait for the results of the above
ongoing studies to see whether another lipid-targeted intervention
can further reduce vascular events in addition to statin therapy. At
the same time, other therapeutic strategies targeting mechanisms
known to be involved in the progression of atherosclerotic vascu-
lar disease, such as anti-inflammatory therapies (low-dose metho-
trexate; interferon-1b antibody),19,20 have been initiated to
determine whether such treatment strategies can further reduce
cardiovascular events in addition to statin therapy with an accept-
able safety profile.

Conflict of interest: U.L. has received speaker fees or research
grants from Merck, Roche, and Pfizer.

References
1. Baigent C, Blackwell L, Emberson J, Holland LE, Reith C, Bhala N, Peto R,

Barnes EH, Keech A, Simes J, Collins R. Efficacy and safety of more intensive low-
ering of LDL cholesterol: a meta-analysis of data from 170,000 participants in 26
randomised trials. Lancet 2010;376:1670–1681.

2. Altschul R, Hoffer A, Stephen JD. Influence of nicotinic acid on serum cholesterol
in man. Arch Biochem Biophys 1955;54:558–559.

3. Clofibrate and niacin in coronary heart disease. JAMA 1975;231:360–381.
4. Tunaru S, Kero J, Schaub A, Wufka C, Blaukat A, Pfeffer K, Offermanns S.

PUMA-G and HM74 are receptors for nicotinic acid and mediate its anti-lipolytic
effect. Nat Med 2003;9:352–355.

Figure 3 Strategies of ongoing clinical trials to examine which lipid-targeted therapy should be added to statin treatment in patients with high
vascular risk. Ab, antibody; C, cholesterol; CETP, cholesteryl ester transfer protein.

Editorial1256



5. Benyo Z, Gille A, Kero J, Csiky M, Suchankova MC, Nusing RM, Moers A,
Pfeffer K, Offermanns S. GPR109A (PUMA-G/HM74A) mediates nicotinic acid-
induced flushing. J Clin Invest 2005;115:3634–3640.

6. Hanson J, Gille A, Zwykiel S, Lukasova M, Clausen BE, Ahmed K, Tunaru S,
Wirth A, Offermanns S. Nicotinic acid- and monomethyl fumarate-induced flush-
ing involves GPR109A expressed by keratinocytes and COX-2-dependent pros-
tanoid formation in mice. J Clin Invest 2010;120:2910–2919.

7. Lukasova M, Malaval C, Gille A, Kero J, Offermanns S. Nicotinic acid inhibits pro-
gression of atherosclerosis in mice through its receptor GPR109A expressed by
immune cells. J Clin Invest 2011;121:1163–1173.

8. Maccubbin D, Koren MJ, Davidson M, Gavish D, Pasternak RC, Macdonell G,
Mallick M, Sisk CM, Paolini JF, Mitchel Y. Flushing profile of extended-release
niacin/laropiprant versus gradually titrated niacin extended-release in patients
with dyslipidemia with and without ischemic cardiovascular disease. Am J Cardiol
2009;104:74–81.

9. Taylor AJ, Villines TC, Stanek EJ, Devine PJ, Griffen L, Miller M, Weissman NJ,
Turco M. Extended-release niacin or ezetimibe and carotid intima-media thick-
ness. N Engl J Med 2009;361:2113–2122.

10. The HPS2-THRIVE Collaborative Group. HPS2-THRIVE randomized placebo-
controlled in 25 673 high-risk patients of ER niacin/laropiprant: trial design, pre-
specified muscle and liver outcomes, and reasons for stopping study treatment.
Eur Heart J 2013;34:1279–1291.

11. Boden WE, Probstfield JL, Anderson T, Chaitman BR, Desvignes-Nickens P,
Koprowicz K, McBride R, Teo K, Weintraub W. Niacin in patients with low
HDL cholesterol levels receiving intensive statin therapy. N Engl J Med 2011;
365:2255–2267.

12. Besler C, Heinrich K, Rohrer L, Doerries C, Riwanto M, Shih DM, Chroni A,
Yonekawa K, Stein S, Schaefer N, Mueller M, Akhmedov A, Daniil G, Manes C,
Templin C, Wyss C, Maier W, Tanner FC, Matter CM, Corti R, Furlong C,
Lusis AJ, von Eckardstein A, Fogelman AM, Luscher TF, Landmesser U. Mechan-
isms underlying adverse effects of HDL on eNOS-activating pathways in patients
with coronary artery disease. J Clin Invest 2011;121:2693–2708.

13. Sorrentino SA, Besler C, Rohrer L, Meyer M, Heinrich K, Bahlmann FH,
Mueller M, Horvath T, Doerries C, Heinemann M, Flemmer S, Markowski A,

Manes C, Bahr MJ, Haller H, von Eckardstein A, Drexler H, Landmesser U.
Endothelial-vasoprotective effects of high-density lipoprotein are impaired in
patients with type 2 diabetes mellitus but are improved after extended-release
niacin therapy. Circulation 2010;121:110–122.

14. Riwanto M, Rohrer L, Roschitzki B, Besler C, Mocharla P, Mueller M, Perisa D,
Heinrich K, Altwegg L, von Eckardstein A, Luscher TF, Landmesser U. Altered ac-
tivation of endothelial anti- and pro-apoptotic pathways by high-density lipopro-
tein from patients with coronary artery disease: role of HDL-proteome
remodeling. Circulation 2013;in press.

15. Navab M, Reddy ST, Van Lenten BJ, Fogelman AM. Hdl and cardiovascular
disease: atherogenic and atheroprotective mechanisms. Nat Rev Cardiol 2011;8:
222–232.

16. Song WL, Stubbe J, Ricciotti E, Alamuddin N, Ibrahim S, Crichton I, Prempeh M,
Lawson JA, Wilensky RL, Rasmussen LM, Pure E, FitzGerald GA. Niacin and bio-
synthesis of PGD(2)by platelet COX-1 in mice and humans. J Clin Invest 2012;122:
1459–1468.

17. Philipose S, Konya V, Lazarevic M, Pasterk LM, Marsche G, Frank S
Peskar BA, Heinemann A, Schuligoi R. Laropiprant attenuates EP3 and
TP prostanoid receptor-mediated thrombus formation. PLoS One 2012;
7:e40222.

18. Strack AM, Carballo-Jane E, Wang SP, Xue J, Ping X, McNamara LA,
Thankappan A, Price O, Wolff M, Wu TJ, Kawka D, Mariano M, Burton C,
Chang CH, Chen J, Menke J, Luell S, Zycband EI, Tong X, Raubertas R,
Sparrow CP, Hubbard B, Woods J, O’Neill G, Waters MG, Sitlani A. Nicotinic
acid and DP1 blockade: studies in mouse models of atherosclerosis. J Lipid Res
2013;54:177–188.

19. Ridker PM, Thuren T, Zalewski A, Libby P. Interleukin-1b inhibition the preven-
tion of recurrent cardiovascular events: rationale and design of the Canakinumab
Anti-inflammatory Thrombosis Outcomes Study (CANTOS). Am Heart J 2011;
162:597–605.

20. Ridker PM. Testing the inflammatory hypothesis of atherothrombosis: scientific
rationale for the Cardiovascular Inflammation Reduction Trial (CIRT). J Thromb
Haemost 2009;7 Suppl 1:332–339.

Editorial 1257



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


