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Pleiotropic effects of niacin: Current possibilities 
for its clinical use

Niacin was the first hypolipidemic drug to significantly re-
duce both major cardiovascular events and mortality in 
patients with cardiovascular disease. Niacin favorably in-
fluences all lipoprotein classes, including lipoprotein[a],and 
belongs to the most potent hypolipidemic drugs for in-
creasing HDL-C. Moreover, niacin causes favorable chang-
es to the qualitative composition of lipoprotein HDL. In 
addition to its pronounced hypolipidemic action, niacin 
exerts many other, non-hypolipidemic effects (e.g., antioxi-
dative, anti-inflammatory, antithrombotic), which favor-
ably influence the development and progression of athero-
sclerosis. These effects are dependent on activation of the 
specific receptor HCA2. Recent results published by the 
two large clinical studies, AIM-HIGH and HPS2-THRIVE, 
have led to the impugnation of niacin’s role in future clini-
cal practice. However, due to several methodological flaws 
in the AIM-HIGH and HPS2-THRIVE studies, the pleiotro-
pic effects of niacin now deserve thorough evaluation. This 
review summarizes the present and possible future use of 
niacin in clinical practice in light of its newly recognized 
pleiotropic effects.

Keywords: niacin, pleiotropic effects, HCA2 receptor, dyslipi-
demia, cardiovascular mortality/morbidity

 

INTRODUCTION

Niacin (pyridine-3-carboxylic acid, nicotinic acid, vitamin B3,) was the first drug to sig-
nificantly reduce major cardiovascular events and mortality in patients with documented 
myocardial infarction, as described in the randomized, double-blind CDP (coronary drug 
project) study (1). Even nine years after termination of the trial, mortality in the niacin group 
was 11 % lower than in the placebo group (2). Niacin, at a daily dose of 2–3 g, increases the 
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HDL-cholesterol level by about 15–40 %, lowers triacylglycerols (TAG) by 20–50 %, LDL-
cholesterol by 5–25 % and lipoprotein[a] (Lp[a]) by 20 % (3, 4). As regards increasing HDL-C, 
niacin is the most powerful drug of all the known lipid-lowering drugs. It has been shown 
that an increase in HDL due to niacin exceeds that of fibrate treatment approximately 1.6-
fold (5). Niacin increases the formation of HDL in the liver by stimulating phospholipids/
cholesterol efflux through transcription of the ABCA1 gene (6, 7) via the DR4-dependent 
transcription pathway (8). Moreover, as well as increasing HDL-C, niacin causes changes to 
the qualitative composition of lipoprotein HDL in that it selectively increases plasma HDL 
particles containing mainly apoA-I (LP-AI, HDL subclasses with cardio-protective proper-
ties) on the expense of HDL particles containing both apoA-I and A-II (LP-AI+AII) (9).

Lipoprotein HDL does not only increase reverse cholesterol transport (RCT) capacity 
by activating the ABCA1 transporter, but it also has additional effects: (i) anti-inflamma-
tory – HDL inhibits the expression of VCAM-1, ICAM-1 and E-selectin in the vascular wall; 
(ii) antithrombotic – HDL suppresses blood platelet aggregation, binding of fibrinogen and 
secretion of thromboxane A; (iii) pro-fibrinolytic – HDL downregulates plasminogen acti-
vator inhibitor-1 (PAI-1) and upregulates the tissue plasminogen activator (t-PA); (iv) anti-
oxidative – dependent on apolipoprotein A-I and enzymes such as paraoxonase 1, LCAT, 
glutathione selenoperoxidase (GSPx) and lipoprotein-associated phospholipase A2 (Lp-
PLA2) (for a review, see refs. 10, 11).

Interestingly, in most studies, niacin has been combined with other lipid-lowering 
drugs. In the Stockholm ischaemic heart disease secondary prevention study (12), the com-
bination of niacin with clofibrate decreased cardiovascular mortality by 36 % and total 
mortality by 26 %. In the angiographic studies CLAS (Cholesterol lowering atherosclerosis 
study) (13) and FATS (Familial atherosclerosis treatment study) (14), niacin was combined 
with colestipol: decreased progression and occasional regression of atherosclerotic lesions 
were reported along with a coincident decrease in cardiovascular events. Results from two 
large controlled studies (AIM-HIGH and HPS2-THRIVE) were published recently (15). 
HPS2-THRIVE collaborative group 2014 (16) questioned the use of niacin as a hypolipidemic 
drug. Both of these studies were multicenter (and in the case of HPS2-THRIVE also multi-
ethnic), with a large number of participants, and with primary end points covering a broad 
range of events, including nonfatal MI, CHD death, ischemic stroke, as well as hospitaliza-
tion for revascularization. Furthermore, the HPS2-THRIVE study was by far the largest 
niacin study at the time (17). It was concluded that the addition of niacin to statin treatment 
does not significantly reduce the risk of major vascular events but does increase the risk of 
serious adverse events. Nevertheless, in addition to its lipid metabolism-modifying action, 
niacin treatment is associated with multiple non-hypolipidemic effects, which favorably 
affect the development and progression of atherosclerosis and its complications.

These effects certainly warrant comprehensive evaluation, especially given the criti-
cism leveled at the methodological flaws contained in the published results of the AIM-
HIGH and HPS2-THRIVE studies (18–23). Indeed, both of these studies have serious 
drawbacks (see above): the AIM-HIGH study was underpowered, low-dose niacin was 
administered to patients in the placebo-group (18) and it suffered from selection bias (pati-
ents with triacylglycerols above 400 mg per 100 mL were excluded) (20). A relatively high-
er proportion of non-Caucasians (more than 11,000 Chinese probands, who have a higher 
risk of side-effects than other patient subgroups) were enrolled in the HPS2-THRIVE study 
(16, 22). The design of both studies ignored the pharmacokinetics of ER niacin (meal time 
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vs. bedtime dosages) (17, 20). The AIM-HIGH study was terminated prematurely; and the 
combination of niacin with laropiprant, a prostaglandin-D2 receptor antagonist, did not 
account for the adverse effects of laropiprant when administered exclusively (immune 
dysfunction, gastrointestinal bleeding, attenuation of reverse cholesterol transport) (21).

The aim of this article is to survey the pleiotropic effects of niacin on atherosclerosis, 
namely risk factors such as endothelial dysfunction, subclinical inflammation, the pro-
coagulant state, oxidative stress and the metabolic/endocrine functioning of the liver, adi-
pose tissue and pancreas. Moreover, this review summarizes the present and possible 
future niacin use in clinical practice.

MECHANISMS OF THE ANTIATHEROGENIC EFFECTS OF NIACIN

Niacin exerts most of its effects after binding to specific receptors. Niacin is an agonist 
for the G-protein-coupled receptor known as hydroxycarboxylic acid receptor 2 (HCA2, 
formerly known as GPR109A, HM74a and NIACR1) with endogenous ligand b-hydroxybu-
tyrate. Lactate is recognized as an endogenous ligand for GPR81 (HCA1 receptor) and 
3-hydroxyl-octanoic acid has been found to be a ligand for GPR109B (HCA3 receptor, 
HM74, NIACR2) (24). HCA2 is expressed in adipocytes, neutrophils, macrophages, Lang-
erhans cells and keratinocytes (Fig. 1). Activation of HCA2, a G protein-coupled membrane 
receptor, in adipocytes leads to inhibition of adenylate cyclase, decreased cAMP response, 
reduced activity of protein kinase A and decreased hormone-sensitive lipase activity, 
which in turn reduces lipolysis (24). Reduced flux of non-esterified fatty acids (NEFA) to 
the liver leads to decreased VLDL secretion. It is also connected with suppressed expres-
sion of the PPARg coactivator-1b (PGC-1b) and apolipoprotein C-III, with subsequent de-
creased secretion and increased turnover of VLDL (25). Further, in the liver, niacin en-
hances degradation of apolipoprotein B, inhibits the reuptake of HDL by inhibiting 
specific receptors (the surface-expressed ATP-synthase b-chain) (26) and non-competitive-
ly inhibits liver diacylglycerol acyltransferase-2 (DGAT 2) (27).

Activation of HCA2 in combination with niacin exerts anti-inflammatory effects in 
endothelial cells (28), adipocytes (29) and human monocytes (30), which are associated 
with reduced vascular inflammation and the anti-atheromatous effects of niacin (Fig. 1).

Niacin and endothelial dysfunction

Endothelial dysfunction (ED) is a condition characterized by an impaired ability to 
regulate vascular tonus, which results in a shift in the actions of the endothelium towards 
reduced vasodilation, a proinflammatory state and prothrombotic properties (31). More-
over, oxidative stress (OS) and systemic low-grade as well as vascular inflammation are 
closely connected with endothelial dysfunction. According to the current knowledge, ED 
is considered to be the initial phase in the development of arterial hypertension and ath-
erosclerosis (32, 33). Oxidative stress, as a consequence of enhanced generation of reactive 
oxygen and nitrogen species (RONS), is a main risk factor of ED. OS suppresses the pro-
duction of endothelial nitrogen oxide (NO) and inhibits its vasorelaxation effects.

Dyslipidemia and vascular inflammation are among the other risk factors for ED. 
Niacin has been found to improve endothelial dysfunction. Experimental studies of Ganji 
et al. (34) have shown that niacin reduces vascular OS and inflammation. The same authors 
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have found that in cultured human aortic endothelial cells (HAEC) niacin increases nico-
tinamide adenine dinucleotide phosphate (NAD(P)H), reduces glutathione (GSH) and in-
hibits angiotensin II (ANG II)-induced RONS production, low-density lipoprotein (LDL) 
oxidation, tumor necrosis factor a (TNFa)-induced NF-kB activation, vascular cell adhesion 
molecule-1 (VCAM-1), monocyte chemotactic protein-1 (MCP-1) secretion and TNFa-in-
duced monocyte adhesion to HAEC. In another study (35), in endothelial cells (HUVEC), 
niacin significantly reduced ICAM-1 (intercellular adhesion molecule 1) and PECAM-1 
(platelet/endothelial cell adhesion molecule 1) levels, and lowered the cytokine-induced 
rise in ICAM-1 and the TNFa-induced rise in PECAM-1.

Niacin, after binding to HCA2 in adipocytes, increases the secretion of adiponectin 
(36), which has an anti-inflammatory and antioxidative effect on the vascular wall and 
improves ED (37). One of the clinically pursuable surrogate markers of ED is FMD (flow-
mediated-dilation). Patients with coronary artery disease and low concentrations of HDL-
C were proven to exhibit improved FMD parameters in one study (38). On the other hand, 
in a recent meta-analysis, the FMD-improving effect of niacin reached statistical signifi-
cance only in the primary prevention of atherosclerotic cardiovascular disease, where 
improved FMD was associated with higher doses of niacin (39). In a small study on twen-
ty-six patients treated with 1500 or 2000 mg niacin for 6 weeks, there was a significant re-
duction in plasma levels of ADMA (asymmetric dimethylarginine), which causes endothe-
lial dysfunction through the competitive inhibition of NO synthase (40).

Fig. 1. Summary of the effects of nicotinic acid. The effects of niacin are mediated by its binding to the 
HCA2 receptor (formerly GPR109A; natural ligand: b-hydroxybutyrate), which is expressed on the 
surface of many cell types, or by unknown mechanisms through which niacin influences hepatocytes 
and endothelial cells.
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Niacin and oxidative stress
Transcription factor Nrf2 (nuclear erythroid 2 p45-related factor 2) and its inhibitor 

Keap 1 (Kelch-like ECH-associated protein1) are believed to play key roles in the regula-
tion of homeostatic mechanisms that influence conditions linked with higher levels of 
oxidative stress or inflammation (33). Niacin may also have a specific role in the modula-
tion of Nrf2 activity (41). For further information, see Fig. 2.

The antioxidative effects of niacin can be divided into indirect effects, accomplished 
via increased concentrations of HDL (see above), and direct effects or „lipid-independent” 
effects, which are mediated through the activation of Nrf2, as has been shown in New 
Zealand white rabbits (41). In experimental studies, niacin exerts beneficial effects on var-
ious parameters of oxidative stress. In rats with chronic renal failure, niacin has been 
shown to decrease levels of two components [p47(phox) and p22(phox)] of the NADPH 
oxidase system, which is an important source of superoxide molecules. Concomitantly in 
the same study, prothrombotic and inflammatory parameters (MCP-1, PAI-1, TGFb COX-1, 
activation of NF-κB) decreased, and the extent of proteinuria, glomerulosclerosis and tu-
bulointersticial lesions was corrected (42). In another in vitro study carried out on HAEC 
cells, niacin was proven to lower the production of reactive oxygen species (ROS) with the 

Fig. 2. HCA2 mechanisms and oxidative stress. Activation of the HCA2 receptor brings about G-
protein-dependent signaling and recruitment of b-arrestins. G-protein pathways have many effects 
on lipid metabolism. b-arrestins stabilize the IkBa complex, thereby preventing NF-kB dissociation 
and consequent inflammatory responses. In addition, some HCA2 ligands are supposed to interact 
directly with the redox state domain of the Keap1 protein, resulting in Nrf-2 translocation into the 
nucleus and upregulation of genes with ARE promoter domains.
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consequent oxidation of LDL and inhibition of VCAM-1 and MCP-1, which play an impor-
tant role in the pathogenesis of atherosclerosis (34). A recently published study has shown 
that niacin treatment of paraquat-intoxicated rats decreases serum concentrations of 8-hy-
droxy-2’-deoxyguanosine (a marker of oxidative damage of DNA) as well as levels of tissue 
malondialdehyde (MDA), which is an indicator of lipoperoxidation (43). In a clinical study 
of 17 FHC patients with lowered HDL-C levels, niacin caused expected changes in plasma 
lipid concentrations and it decreased the levels of thiobarbituric acid reactive substances, 
lipid peroxides and paraoxonase activity (44). In the group of patients treated with rosuvas-
tatin and additional ER NA, the concentrations of ox-LDL were lower than in those on 
add-on fenofibrate therapy (45). This effect was specific for rosuvastatin among other sta-
tins (simvastatin and atorvastatin).

Niacin and inflammation

Niacin has anti-inflammatory properties, which can be described according to the 
antioxidative effects as either indirect (stimulation of anti-inflammatory HDL synthesis) 
or direct. These effects stem from the activation of the receptor HCA2 in monocytes/mac-
rophages, adipose tissue and vessel endothelium. These direct anti-inflammatory effects 
of niacin have been proven in experiments carried out on double knockout mice (Ldlr-/-& 
HCA2-/-) (46). Within vessel endothelium, the expression of cytoadhesive molecules 
(VCAM-1, ICAM-1, E-selectins) is inhibited. Furthermore, in adipose tissue, niacin sup-
presses TNFa-stimulated expression and secretion of proinflammatory cytokines – MCP-
1, RANTES and the fractalkines supporting the recruitment of T-lymphocytes and macro-
phages into atherosclerotic lesions (29). In monocytes, niacin inhibits TLR-4- and 
TLR-2-induced expression as well as the secretion of TNFa, IL-6, and MCP-1 (30). In rats, 
high doses of niacin attenuated lung inflammation and improved survival during sepsis 
while simultaneously down-regulating the NF-κB pathway (47). Moreover, niacin can 
stimulate expression and secretion of adiponectin – a protein with a broad spectrum of 
anti-inflammatory and cardioprotective effects (see below) (24). In an in vitro experiment 
carried out on human umbilical vein endothelial cells (HUVEC) and macrophages, niacin 
was shown to decrease the secretion of IL-6 and TNFa and was accompanied with the 
inhibition of NF-kB (p65 and notch1) (48). Guinea pigs were fed a high-fat diet and under 
niacin administration exhibited downregulated expression of CD36 and NF-κB p65 in the 
arterial wall (30). The described anti-inflammatory changes were independent of modifi-
cations to lipid and eicosanoid concentrations (30).

Niacin administration to patients with stable CAD leads to a significant decrease in 
concentrations of high-sensitivity C-reactive protein (hs-CRP) by up to 15 % and lipopro-
tein-associated phospholipase A2 by up to 20 % (49). In patients with metabolic syndrome, 
ER niacin improved endothelial function (FMD) by 22 %, reduced hs-CRP by 20 %, and 
caused significant regression of carotid IMT in comparison with placebo (50).The baseline 
level of CRP is a strong independent predictor of the risk of future myocardial infarction, 
peripheral vascular disease, stroke and vascular death among healthy individuals without 
known vascular disease (51).

A murine experimental model of atherosclerosis was employed to examine the mech-
anisms at play in the antiatherogenic effects of niacin. Niacin-induced activation of HCA2 
receptors expressed in macrophages within atheromatous plaques brought about higher 
expression of cholesterol transporter ABCG1 with consequent efflux of cholesterol. On the 
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other hand, it inhibited MCP-1-induced recruitment of macrophages (46). Activation of 
HCA2 has been shown to induce an anti-inflammatory response in macrophages and den-
dritic cells in the colon and enables them to support differentiation of T-regulatory lym-
phocytes and IL-10-producing T cells (52). It is believed that activation of HCA2 with bu-
tyrate (which is produced by an intestinal microbiome) is a part of the mechanism by 
which the intestinal microbiome can suppress inflammatory and pro-cancerogenic pro-
cesses within the intestine. Similar effects have been ascribed to niacin administration 
within a pharmacological range (52).

Niacin in procoagulative and prothrombotic states
Niacin also attenuates cardiovascular risk due to its beneficial effects on the factors of 

coagulation and thrombolysis, some of which have been previously identified as risk fac-
tors of atherothrombotic processes. Niacin lowers the activity of coagulation factor VII, 
levels of fibrinogen, PAI-1 and the tissue factor (53–55). These factors are considered as 
independent predictors of cardiovascular disease (56–60). Niacin, as a consequence of its 
hypolipidemic effects, has been shown to reduce thrombocyte aggregation and blood vis-
cosity (55). In another study of 50 patients with hyperlipidemia, niacin diminished throm-
bocyte counts by 20 %. Concomitantly, it led to a mild increase in MPV (mean platelet 
volume), which is a risk factor for atherothrombotic events. However, there was no subse-
quent rise in PDW (platelet distribution width) – a sign of thrombocyte activation (61). The 
pre-incubation of platelets with niacin inhibits their activation via interaction with the 
activated endothelium (62).

Niacin as well as omega-3 polyunsaturated fatty acids have been shown to reduce 
levels of lipoprotein[a] (63, 64). Lipoprotein[a] is a macromolecular complex assembled 
from one particle of LDL and one glycoprotein molecule of apolipoprotein[a]. Apo[a] is 
connected to LDL by a disulphide bond. Apo[a] is structurally homologous with plas-
minogen and is accountable for specific characteristics of Lp[a]. Lp[a] has been established 
as a risk factor of cardiovascular disease (CVD) and is not dependent on plasma lipid lev-
els or other classical risk factors (65). The glycoprotein molecule of apo[a] has a strong 
structural homology to plasminogen and may account for the prothrombotic, pro-oxida-
tive, proinflammatory and antifibrinolytic properties of Lp[a], which are the mechanisms 
that play an underlying role in atherogenesis (66). The atherogenicity of Lp[a] may be, in 
part, mediated by oxidized phospholipids associated with small apo[a] isoforms (67, 68). 
Moreover, niacin exerts in vitro effects on platelet activities due to its capacity to inhibit 
their aggregation along with the accompanying stimulation of prostaglandin release 
(thromboxane B2 and prostaglandins D2 and E2) (69).

Nevertheless, more studies should be done to elucidate the mechanism of niacin ac-
tion on the Lp[a] levels in different clinical settings.

INFLUENCE OF NIACIN ON THE METABOLISM OF ADIPOSE TISSUE,  
LIVER AND PANCREAS

Effects of niacin on adiponectin levels

Niacin activation of the specific receptor HCA2 on adipocytes leads to an increase of 
adiponectin concentrations. This phenomenon has been detected only in young forms of 
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adipocytes. A natural ligand of HCA2 is beta-hydroxyl-butyrate. Differentiated adipocytes 
that do not express HCA2 receptors fail to secrete adiponectin after stimulation with nia-
cin (36). Human adiponectin is a polypeptide of 30 kDa, containing 244 amino acid resi-
dues. This polypeptide is assembled into an array of complexes composed of multimers of 
30 kDa polypeptide. Adiponectin subunits assemble into trimers [known as low molecular 
mass (LMW) complexes], hexamers [middle molecular mass (MMW)] or a more elaborate 
high molecular mass (HMW) complex composed of nine hexamers (70). The HMW form 
corresponds to the active form of adiponectin (71). Negative correlations have been found 
not only between serum adiponectin levels and the prevalence of coronary heart disease 
(CHD) (72) but also between adiponectin levels and the extensity and intensity of coronary 
lesions (73). In a prospective study, subjects with plasma adiponectin levels in the upper 
quintile were at a significantly lower risk of myocardial infarction in comparison with 
subjects in the lower quintile (odds ratio 0.39) (74). In an 18-year follow-up study, men with 
low adiponectin and low HDL-C values showed a 2.63 times (95 % CI, 1.66 to 4.15) increa-
sed incidence of diabetes mellitus type 2 and a 1.91 times (95 % CI, 1.20 to 3.04) increased 
incidence of CHD in comparison with men with high HDL-C and high adiponectin (75). 
On the other hand, some studies have found that high levels of adiponectin in patients 
with chronic heart failure (CHF) are associated with CHF severity and mortality (76–78). 
It has also been reported that the influence of niacin on HCA2 receptors in pancreatic islets 
is partially responsible for hyperglycemia. Niacin activation of HCA2 receptors in obese 
mice fed a high-fat diet has been shown to lead to partial dysfunction of pancreatic islets 
due to the induction of ROS formation and expression of PPARg and UCP2 (79).

Influence of niacin on retinol-binding protein

One of the therapeutic targets of niacin is the lowering of retinol-binding protein 4 
(RBP4) levels. RBP4 is a polypeptide of 21 kDa, which is mainly synthesized in the liver and 
adipocytes. The recognized function of RBP4 is vitamin A (retinol) transport. Elevated 
RBP4 concentrations contribute significantly to insulin resistance, as observed in obesity 
and diabetes mellitus type 2 in both rodents and humans (80, 81). Increasing serum RBP4 
induces hepatic expression of the gluconeogenic enzyme phosphoenolpyruvate carboxyki-
nase (PEPCK) and impairs insulin signaling in muscles (81). According to the results from 
the Atherosclerosis risk in community study (ARIC study), RBP4 levels may be directly 
involved in the pathogenesis of type 2 diabetes (T2DM) in women (82). Moreover, RBP4 
may be involved in the pathophysiology of hypertriacylglycerolemia in T2DM by reducing 
VLDL catabolism (83). The lowering of serum RBP4 concentrations in obese mice has been 
shown to lead to normalization of serum RBP4 levels and to improvement in insulin sen-
sitivity (81). Decreases in serum RBP4 levels occur independently of niacin activation of the 
HCA2 receptor. In experiments on mice, it was proposed that a decrease in niacin-depen-
dent RBP4 is probably a result of increased RBP4 clearance (84).

Influence of niacin on fatty acid metabolism

Chronic treatment of a hyperlipidemic mouse model with niacin resulted in upregula-
tion of genes involved in the unsaturated FA biosynthesis, mainly by Elovl6 (fatty acid 
elongase 6), Tecr (trans-2,3-enoyl-CoA reductase), and Elovl5 in gonadal white adipose 
tissue (gWAT). These changes were associated with increased release of DHA from gWAT 
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as well as increased ratio of DHA/arachidonic acid (AA) in plasma (85). It is known that 
plasma DHA/AA ratio has been shown to be a diagnostic marker for PUFA-associated 
cardiovascular health.

The study also reported a concomitant, increased ratio of DHA/AA along with elevat-
ed levels of the DHA metabolite 19,20-dihydroxy-docosapentaenoic acid (19,20-diHDPA), 
the precursor of the highly biologically active epoxy metabolite 19(20)-EpDPA. There were 
also significant correlations of both epoxy metabolites in serum.

These effects of niacin on adipose tissue and plasma PUFAs and oxylipins pose a 
potential contributing mechanism by which niacin treatment could reduce cholesterol lev-
els and CVD risk. Epoxy-metabolites of eicosapentaenoic acid (EPA) and DHA could par-
ticipate in the cardio-protective effects of PUFA n-3 and could be used as biomarkers in 
clinical studies in order to observe the influence of PUFA n-3 on the cardiovascular system 
(86). The abovementioned changes in the profiles of PUFA observed after niacin adminis-
tration in experimental models reveal other potentially antiatherogenic and antithrombo-
genic effects of niacin, which should be verified in clinical trials.

POTENTIAL NOVEL CLINICAL INDICATIONS

Impact of niacin on non-alcoholic fatty liver disease

Results of experimental studies have shown that niacin treatment could favorably 
influence the course of non-alcoholic fatty liver disease (NAFLD), and probably also affect 
its etiopathogenesis. In rats with pre-existing liver steatosis induced by a high-fat diet, 
treatment with niacin led to considerable regression of steatosis. Niacin had no effect on 
the mRNA expression of fatty acid synthesis or oxidation genes but significantly inhibited 
mRNA levels, protein expression, and activity of diacylglycerol acyltransferase 2, a key 
enzyme in triacylglycerol synthesis (87).

In a murine model of steatohepatitis, niacin dramatically ameliorated the established 
steatohepatitis and dyslipidemia. In addition, atherogenic LDL fraction disappeared in 
fasting plasma and elevations in both postprandial NEFA and triacylglycerols were sup-
pressed. Hepatic gene expression of lipogenic genes did not decrease, while expression of 
Fsp27 (fat-specific protein 27) decreased slightly (88). Fsp27 is a protein in adipocytes and 
regulates both basal and stimulated lipolysis by interacting with adipose triacylglycerol 
lipase (ATGL). FSP27-ATGL interactions play a crucial role in regulating lipolysis, triacyl-
glycerol accumulation and insulin signaling in human adipocytes (89). So far, the effect of 
niacin treatment has not been explicitly proven in patients with NAFLD.

In a small, placebo-controlled study of obese patients with NAFLD and triacylglyc-
erol levels under 3.4 mmol L-1, a 16-week course of treatment with nicotinic acid (in a dose 
titrated to 2 g daily) had no effect on hepatic triacylglycerols content (90). In contrast, a 
study of patients with NAFLD and dyslipidemia (treated with niacin in increasing doses 
of up to 2 g daily over a period of 23 weeks) showed a statistically significant decrease in 
plasma triacylglycerols as well as reduction in the liver and visceral fat content. Simultane-
ously, the importance of the DGAT2 polymorphism rs3060 was identified, given that vari-
ant DGAT2 alleles (after adjustment for other covariates) were found to be connected with 
reduced effectiveness of niacin on the liver fat content (91).
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Pleiotropic effect of niacin on chronic renal insufficiency
Niacin has a pleiotropic effect on the progression of disease in patients with chronic 

kidney disease (CKD). The main reason for morbidity and mortality in patients with CKD 
is cardiovascular disease (92, 93). The American Heart Association has recommended that 
patients with chronic impaired renal function should be classified in the highest risk 
group for developing cardiovascular events (94). High risk of CHD in persons with CKD 
is significantly affected by dyslipidemia (95).

The pathophysiology of dyslipidemia in CKD is complex. An important role is played 
by the abnormal composition and impaired clearance of triacylglycerol-rich lipoproteins 
and their remnants. This is caused by the down-regulation of lipoprotein lipase, hepatic 
lipase, the VLDL receptor, LDL receptor-related protein (LRP) and the reduction of ApoC-
II/ApoC-III ratio, as well as other disturbances involved in lipid and lipoprotein metabo-
lism (96). Increased levels of Lp[a], which is an independent risk factor of atherothrombo-
sis, have also been identified in patients with CKD (97). Hyperphosphatemia is a further 
important risk factor of cardiovascular disease in persons with CKD (98).

Chronic renal insufficiency is characterized by impaired calcium-phosphate metabolism 
involving increased concentrations of phosphorus (99). Increased concentrations of serum 
phosphorus are associated with the manifestation of subclinical atherosclerosis as well as 
with the risk of CHD manifestations, even within limits of physiological values (100). In some 
studies, it has been demonstrated that nicotinic acid can reduce serum phosphorus (101, 102) 
by inhibiting sodium-dependent phosphate co-transporters in rat small intestine (103).

A meta-analysis of CKD studies has shown that niacin, or nicotinamide, reduces se-
rum phosphorus levels and Ca-P products significantly, and that it has additive beneficial 
effects on lipid parameters (104). Niacin can contribute to the lowering of cardiovascular 
morbidity and mortality in patients with CKD as a result of its beneficial effect on both 
dyslipidemia and hyperphosphatemia. Moreover, it is the only hypolipidemic agent that 
lowers Lp[a] (105, 63, 64). Niacin has a unique favorable impact on factors affecting the rate 
of glomerular filtration decline, including number of high-density lipoprotein (HDL) par-
ticles and their function, triacylglycerol levels, oxidative stress, inflammation and endo-
thelial function. It also lowers serum phosphorus levels by reducing dietary phosphorus 
absorption in the gastrointestinal tract (106). Niacin has been observed to work best in 
patients with lipid-profile characteristics of CKD, i.e., patients with raised VLDL-TG and 
decreased HDL (107, 20). A significant reduction in proteinuria has also been identified in 
patients with CKD and hyperlipidemia treated with niacin (108).

UNWANTED EFFECTS OF NIACIN

Adverse effects of niacin are elaborated below. These effects are usually harmless but 
they can affect patient compliance. Some of them can be alleviated and there is continuing 
in terest in niacin mimetics (109) that could circumvent metabolic pathways causing these 
effects.

Flush

The most common adverse effect in persons treated with niacin seems to be skin 
flushing, since about 70 % of persons receiving niacin suffer from this symptom (110). It 
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was suggested that flushing induced by niacin after its binding to receptor HCA2 results 
from an early phase of cyclooxygenase-1 dependent formation of prostaglandin D2 (PGD2) 
and PGE2 in Langerhans cells, followed by delayed cyclooxygenase-2 dependent produc-
tion of PGE2 by keratinocytes (111). During long-term administration of niacin, tolerance 
to flushing develops rapidly in most individuals (112).

Gastrointestinal symptoms

Gastritis-like symptoms (such as nausea, abdominal pain) were found in 10–20 % of 
patients treated with IR (immediate release) nicotinic acid (6). In a small study, increased 
hydrochloric acid secretion was found in humans after 500 mg of nicotinic acid medication 
(113). Hepatotoxicity occurs predominantly at higher doses (more than 2 to 3 g per day) and 
in formulations with sustained release (SR-niacin), the metabolism of which is connected 
with production of nicotinamide and pyrimidine derivatives (114). The IR formulations of 
niacin in common therapeutic doses almost never cause serious liver injury (115).

Effect on glucose homeostasis and uric acid

Treatment with niacin may lead to increased insulin resistance in persons suffering 
from impaired glucose tolerance (116). Niacin causes insulin resistance and increases fast-
ing serum glucose by 5 %. This increase subsides with long use of niacin (117). It was sug-
gested that this effect could be related to the rebound increase in NEFA levels following 
the transient NEFA suppression induced by niacin (118), but this mechanism is question-
able in long-term use of niacin (119). It was recently found in a mouse model that long-term 
niacin treatment resulted in insulin resistance that may be in part explained by a niacin-
induced downregulation of the cAMP-degrading enzyme phosphodiesterase 3B (120) or 
modulated through activation of the islet beta-cell HCA2, which induce PPARg – uncou-
pling protein 2 pathway (121). Moreover, HCA2 seems to play a role in jejunal glucose 
transport (122), which is enhanced in T2DM. In a recent meta-analysis, niacin therapy was 
associated with a moderately increased risk of developing diabetes regardless of the back-
ground statin or combination laropiprant therapy (123).

Nevertheless, the cardiovascular benefits of niacin were independent of fasting and 1 
hour plasma glucose at baseline levels as well as after one year of therapy in the Coronary 
Drug Project (124).

Niacin can occasionally increase plasma uric acid levels by approximately 10 % due 
to competitive inhibition of tubular secretion of uric acid and induce gout in susceptible 
subjects (125). This effect may be due to interference with renal excretion of uric acid 
(126).

Other effects

Some ocular side-effects after niacin administration have been described, such as 
blurred vision, eyelid edema, proptosis, loss of eyelashes or macular edema. These symp-
toms are reversible and dose related. Most cases were found in patients in their third to 
fifth decades of life, who were treated with a higher dose (> 3 g of niacin per day). The 
mechanism of niacin’s effect on the macula is unknown (127).
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Acanthosis nigricans (128) or niacin-induced myopathy (129) belongs to other uncom-
mon adverse effects of niacin. Niacin ER monotherapy has specifically amassed consider-
able clinical trial data that do not support an increased risk for muscle adverse experi-
ences with niacin monotherapy (130).

CONCLUSIONS

Based on recent large clinical trials, niacin cannot be advocated as general adjunctive 
therapy to statins for the patients with hyperlipidemia. However, amongst those intolerant 
to statins, there are some subgroups that may benefit from niacin therapy, based on pre-
clinical data and knowledge of its pleiotropic effects. Namely, (i) patients with a high risk 
of CHD with elevated Lp[a] levels; (ii) patients with severe hypertriacylglycerolemia, espe-
cially those intolerant to fibrates, (iii) patients with dyslipidemia associated with chronic 
kidney disease, and (iv) patients with non-alcoholic liver disease. The use of niacin in these 
subpopulations warrants further investigation.

Abbreviations, acronyms, symbols. – AA – arachidonic acid, ABC – ATP cassette bind-
ing transporter, ADMA – asymmetric dimethylarginine, apoA-I – apolipoprotein A-I, ARE 
– antioxidant responsive element, ATGL – adipose triacylglycerol lipase, CAD – coronary 
artery disease, cIMT – carotid intima media thickness, CHD – coronary heart disease, CHF 
– chronic heart failure, CKD – chronic kidney disease, COX-1 – cyclooxygenase 1, cPLA2 – 
cytosolic phospholipase A2, CRP – C-reactive protein, DGAT-2 – diacylglycerol acyltransfer-
ase 2, DHA – docosahexaenoic acid, ED – endothelial dysfunction, EPA – eicosapentaenoic 
acid, ER – extended release, FA – fatty acids, FATP – fatty acid transporting protein, FCH – 
familial hypercholesterolemia, FMD – flow-mediated dilation, GPR109A – G-protein cou-
pled receptor 109A, syn. HCA2 receptor, GPx – glutathione peroxidase, GSH – glutathione, 
GSPx – glutathione selenoperoxidase, HAEC – human aortic endothelial cells, HCA2 – hy-
droxycarboxylic acid receptor 2 (formerly GPR109A), HO-1 – heme oxygenase 1, hs-CRP – 
high-sensitivity C reactive protein, HUVEC – human umbilical vein endothelial cells, 
ICAM-1 – intercellular adhesion molecule-1, IkBa – NF-kB inhibitor a, IKKb – IkBa kinase 
b, IL – interleukin, Keap1 – Kelch-like ECH-associated protein1, LCAT – lecithin:cholesterol 
acyl transferase, Lp[a] – lipoprotein[a], Lp-PLA2 – lipoprotein associated phospholipase A2, 
LDL – low density lipoproteins, MCP-1 – monocyte chemotactic protein-1, MDA – malondi-
aldehyde, NA – niacin, NAFLD – non-alcoholic fatty liver disease, NEFA – non-esterified 
fatty acids, NF-kB- nuclear factor kB, Nrf2 – nuclear erythroid 2 p45-related factor 2, PG – 
prostaglandin, OS – oxidative stress, ox-LDL – oxidatively modified LDL particles, PAI-1 – 
plasminogen activator inhibitor-1, PECAM-1 – platelet/endothelial cell adhesion molecule-1, 
PON – paraoxonase, PPARg – peroxisome proliferator activated receptor g, PUFA – polyun-
saturated fatty acids, RANTES – regulated on activation, normal T cell expressed and se-
creted chemokine (syn. CCL5), RBP4 – retinol binding protein 4, RONS – reactive oxygen and 
nitrogen species, TAG – triacylglycerols, TBARS – thiobarbituric acid reactive substances, 
TGFb – tumor growth factor b, TNFa – tumor necrosis factor a, t-PA – tissue plasminogen 
activator, T2DM – type 2 diabetes mellitus, UCP2 – uncoupling protein 2, VCAM – vascular 
cell adhesion molecule, VLDL – very low density lipoproteins.

Acknowledgements. – The study was supported by Research grant MPO TIP FR-TI4/638.



461

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

REFERENCES

 1.  [No authors listed] Clofibrate and niacin in coronary heart disease, JAMA 231 (1975) 360-381; DOI: 
10.1001/jama.1975.03240160024021.

 2.  P. L. Canner, K. G. Berge, N. K. Wenger, J. Stamler, L. Friedman, R. J. Prineas and W. Friedewald, 
Fifteen year mortality in Coronary Drug Project patients: long-term benefit with niacin, J. Am. 
Coll. Cardiol. 8 (1986) 1245–1255; DOI: 10.1016/S0735-1097(86)80293-5.

 3.  W. Hochholzer, D. D. Berg and R. P. Giugliano, The facts behind niacin, Ther. Adv. Cardiovasc. Dis. 
5 (2011) 227–240; DOI: 10.1177/1753944711419197.

 4.  L. A. Carlson, A. Hamsten and A. Asplund, Pronounced lowering of serum levels of lipoprotein 
Lp(a) in hyperlipidaemic subjects treated with nicotinic acid, J. Intern. Med. 226 (1989) 271–276; 
DOI: 10.1111/j.1365-2796.1989.tb01393.x.

 5.  R. S. Birjmohun, B. A. Hutten, J. J. Kastelein and E. S. Stroes, Efficacy and safety of high-density 
lipoprotein cholesterol-increasing compounds: a meta-analysis of randomized controlled trials, 
J. Am. Coll. Cardiol. 45 (2005) 185–197; DOI: 10.1016/j.jacc.2004.10.031.

 6.  L. A. Carlson, Nicotinic acid and other therapies for raising high-density lipoprotein, Curr. Opin. 
Cardiol. 21 (2006) 336–344; DOI: 10.1097/01.hco.0000231404.76930.e9.

 7.  V. S. Kamanna and M. L. Kashyap, Mechanism of action of niacin, Am. J. Cardiol. 101 (2008) 20B-
26B; DOI: 10.1016/j.amjcard.2008.02.029.

 8.  L. H. Zhang, V. S. Kamanna, S. H. Ganji, X. M. Xiong and M. L. Kashyap, Niacin increases HDL 
biogenesis by enhancing DR4-dependent transcription of ABCA1 and lipidation of apolipopro-
tein A-I in HepG2 cells, J. Lipid Res. 53 (2012) 941–950; DOI: 10.1194/jlr.M020917.

 9.  T. Sakai, V. S. Kamanna and M. L. Kashyap, Niacin, but not gemfibrozil, selectively increases LP-
AI, a cardioprotective subfraction of HDL, in patients with low HDL cholesterol, Arterioscler. 
Thromb. Vasc. Biol. 21 (2001) 1783–1789; DOI: 10.1161/hq1001.096624.

10.  A. Otocka-Kmiecik, D. P. Mikhailidis, S. J. Nicholls, M. Davidson, J. Rysz and M. Banach, Dysfunc-
tional HDL: a novel important diagnostic and therapeutic target in cardiovascular disease, Prog. 
Lipid Res. 51 (2012) 314–324; DOI: 10.1016/j.plipres.2012.03.003.

11.  C. Mineo and P. W. Shaul, Novel biological functions of high-density lipoprotein cholesterol, Circ. 
Res. 111 (2012) 1079–1090; DOI: 10.1161/CIRCRESAHA.111.258673.

12.  L. A. Carlson and G. Rosenhamer, Reduction of mortality in the Stockholm Ischaemic Heart Dis-
ease Secondary Prevention Study by combined treatment with clofibrate and nicotinic acid, Acta 
Med. Scand. 223 (1988) 405–418; DOI: 10.1111/j.0954-6820.1988.tb15891.x.

13.  D. H. Blankenhorn, S. A. Nessim, R. L. Johnson, M. E. Sanmarco, S. P. Azen and L. Cashin-Hemp-
hill, Beneficial effects of combined colestipol-niacin therapy on coronary atherosclerosis and 
coronary venous bypass grafts, JAMA 257 (1987) 3233–3240; DOI: 10.1001/jama.1987.03390230069027.

14.  G. Brown, J. J. Albers, L. D. Fisher, S. M. Schaefer, J. T. Lin, C. Kaplan, X. Q. Zhao, B. D. Bisson, V. 
F. Fitzpatrick and H. T. Dodge, Regression of coronary artery disease as a result of intensive lipid-
lowering therapy in men with high levels of apolipoprotein B, N. Engl. J. Med. 323 (1990) 1289–1298; 
DOI: 10.1056/NEJM199011083231901.

15.  W. E. Boden, J. L. Probstfield, T. Anderson, B. R. Chaitman, P. Desvignes-Nickens, K. Koprowicz, 
R. McBride, K. Teo, W. Weintraub and collaborators (316), Niacin in patients with low HDL cho-
lesterol levels receiving intensive statin therapy, N. Engl. J. Med. 365 (2011) 2255–2267; DOI: 10.1056/
NEJMoa1107579.

16.  HPS2-THRIVE collaborative group (1472), M. J. Landray, R. Haynes, J. C. Hopewell, S. Parish, T. 
Aung, J. Tomson, K. Wallendszus, M. Craig, L. Jiang, R. Collins and J. Armitage, Effects of extend-
ed-release niacin with laropiprant in high-risk patients, N. Engl. J. Med. 371 (2014) 203–212; DOI: 
10.1056/NEJMoa1300955.



462

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

17.  J. R. Guyton, M. E. McGovern and L. A. Carlson, Niacin (Nicotinic Acid), in Clinical Lipidology. A 
Companion to Braunwald´s Heart Disease (Ed. C. M. Ballantyne), 2nd ed., Elsevier, Sainders, Philadel-
phia 2015, pp. 274–284.

18.  S. J. Nicholls, Is niacin ineffective? Or did AIM-HIGH miss its target?, Clev. Clin. J. Med. 79 (2012) 
38–43; DOI: 10.3949/ccjm.79a.11166.

19.  Z. Blomgarden and Y. Handelsman, Did AIM-HIGH aim too low?, J. Diabetes 4 (2012) 1–2; DOI: 
10.1111/j.1753-0407.2011.00176.x.

20.  J. R. Guyton, A. E. Slee, T. Anderson, J. L. Fleg, R. B. Goldberg, M. L. Kashyap, S. M. Marcovina, S. 
D. Nash, K. D. O‘Brien, W. S. Weintraub, P. Xu, X. Q. Zhao and W. E. Boden, Relationship of lipo-
proteins to cardiovascular events: the AIM-HIGH Trial (Atherothrombosis intervention in meta-
bolic syndrome with low HDL/high triglycerides and impact on global health outcomes), J. Am. 
Coll. Cardiol. 62 (2013) 1580–1584; DOI: 10.1016/j.jacc.2013.07.023.

21.  I. Gaidarov, X. Chen, T. Anthony, D. Maciejewski-Lenoir, C. Liaw and D. J. Unett, Differential tis-
sue and ligand-dependent signaling of GPR109A receptor: Implications for anti-atherosclerotic 
therapeutic potential, Cell. Signal. 25 (2013) 2003–2016; DOI: 10.1016/j.cellsig.2013.06.008.

22.  Y. L. Yang, M. Hu, M. Chang and B. Tomlinson, A high incidence of exanthematous eruption as-
sociated with niacin/laropiprant combination in Hong Kong Chinese patients, J. Clin. Pharm. Ther. 
38 (2013) 528–532; DOI: 10.1111/jcpt.12096.

23.  M. Zeman, M. Vecka, F. Perlík, R. Hromádka, B. Stanková, E. Tvrzická and A. Žák, Niacin in the 
treatment of hyperlipidemias in light of new clinical trials: Has niacin lost its place?, Med. Sci. 
Monit. 21 (2015) 2156–2162; DOI: 10.12659/MSM.893619.

24.  J. T. Chai, J. E. Digby and R. P. Choudhury, GPR109A and vascular inflammation, Curr. Atheroscler. 
Rep. 15 (2013) 325 (10 pages); DOI: 10.1007/s11883-013-0325-9.

25.  M. Lukasova, J. Hanson, S. Tunaru and S. Offermanns, Nicotinic acid (niacin): new lipid-indepen-
dent mechanisms of action and therapeutic potential, Trends Pharmacol. Sci. 32 (2011) 700–707; DOI: 
10.1016/j.tips.2011.08.002.

26.  L-H. Zhang, V. S. Kamanna, M. C. Zhang and M. L. Kashyap, Niacin inhibits surface expression 
of ATP synthase b chain in HepG2 cells: implications for raising HDL, J. Lipid Res. 49 (2008) 
1195–1201; DOI: 10.1194/jlr.M700426-JLR200.

27.  S. H. Ganji, S. Tavintharan, D. Zhu, Y. Xing, V. S. Kamanna and M. L. Kashyap, Niacin noncom-
petitively inhibits DGAT2 but not DGAT1 activity in HepG2 cells, J. Lipid Res. 45 (2004) 1835–1845; 
DOI: 10.1194/jlr.M300403-JLR200.

28.  B. J. Wu, L. Yan, F. Charlton, P. Witting, P. J. Barter and K. A. Rye, Evidence that niacin inhibits 
acute vascular inflammation and improves endothelial dysfunction independent of changes in 
plasma lipids, Arterioscler. Thromb. Vasc. Biol. 30 (2010) 968–975; DOI: 10.1161/ATVBAHA.109.201129.

29.  J. E. Digby, E. McNeill, O. J. Dyar, V. Lam, D. R. Greaves and R. P. Choudhury, Anti-inflammatory 
effects of nicotinic acid in adipocytes demonstrated by suppression of fractalkine, rantes, and 
mcp-1 and upregulation of adiponectin, Atherosclerosis 209 (2010) 89–95; DOI: 10.1016/j.atheroscle-
rosis.2009.08.045.

30.  J. E. Digby, F. Martinez, A. Jefferson, N. Ruparelia, J. Chai, M. Wamil, D. R. Graves and R. P. 
Choudhury, Anti-inflammatory effects of nicotinic acid in human monocytes are mediated by 
GPR109A dependent mechanisms, Arterioscl. Thromb. Vas. Biol. 32 (2012) 669–676; DOI: 10.1161/
ATVBAHA.111.241836.

31.  D. H. Endemann and E. L. Schiffrin, Endothelial dysfunction, J. Am. Soc. Nephrol. 15 (2004) 1983–
1992; DOI: 10.1097/01.ASN.0000132474.50966.DA.

32.  H. N. Siti, Y. Kamisah and J. Kamsiah, The role of oxidative stress, antioxidants and vascular in-
flammation in cardiovascular disease (a review), Vascul. Pharmacol. 71 (2015) 40–56; DOI: 10.1016/j.
vph.2015.03.005.



463

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

33.  B. Chen, Y. Lu, Y. Chen and J. Cheng, The role of Nrf2 in oxidative stress-induced endothelial in-
juries, J. Endocrinol. 225 (2015) R83–R99; DOI: 10.1530/JOE-14-0662.

34.  S. H. Ganji, S. Qin, L. Zhang, V. S. Kamanna and M. L. Kashyap, Niacin inhibits vascular oxidative 
stress, redox-sensitive genes, and monocyte adhesion to human aortic endothelial cells, Athero-
sclerosis 202 (2009) 68–75; DOI: 10.1016/j.atherosclerosis.2008.04.044.

35.  S. Tavintharan, S. C. Lim and C. F. Sum, Effects of niacin on cell adhesion and early atherogenesis: 
biochemical and functional findings in endothelial cells, Basic Clin. Pharmacol. Toxicol. 104 (2009) 
206–210; DOI: 10.1111/j.1742-7843.2008.00364.x.

36.  E. P. Plaisance, M. Lukasova, S. Offermanns, Y. Zhang, G. Cao and R. L. Judd, Niacin stimulates 
adiponectin secretion through the GPR109A receptor, Am. J. Physiol. Endocrinol. Metab. 296 (2009) 
E549-E558; DOI: 10.1152/ajpendo.91004.2008.

37.  M. Iantorno, U. Campia, N. Di Daniele, S. Nistico, G. B. Forleo, C. Cardillo and M. Tesauro, Obe-
sity, inflammation and endothelial dysfunction, J. Biol. Regul. Homeost. Agents 28 (2014) 169–176.

38.  A. Warnholtz, P. Wild, M. A. Ostad, V. Elsner, F. Stieber, R. Schinzel, U. Walter, D. Peetz, K. Lack-
ner, S. Blankenberg and T. Munzel, Effects of oral niacin on endothelial dysfunction in patients 
with coronary artery disease: results of the randomized, double-blind, placebo-controlled INEF 
study, Atherosclerosis 204 (2009) 216–221; DOI: 10.1016/j.atherosclerosis.2008.08.003.

39.  S. Sahebkar, Effect of niacin on endothelial function: A systematic review and meta-analysis of 
randomized controlled trials, Vasc. Med. 19 (2014) 54–66; DOI: 10.1177/1358863X13515766.

40.  S. Westphal, K. Borucki, C. Luley, J. Martens-Lobenhoffer and S. M. Bode-Böger, Treatment with 
niacin lowers ADMA, Atherosclerosis 184 (2006) 448–450; DOI: 10.1016/j.atherosclerosis.2005.11.018.

41.  B. J. Wu, K. Chen, P. J. Barter and K. A. Rye, Niacin inhibits vascular inflammation via the induction 
of heme oxygenase-1, Circulation 125 (2012) 150–158; DOI: 10.1161/CIRCULATIONAHA.111.053108.

42.  K. H. Cho, H. J. Kim, B. Rodriguez-Iturbe and N. D. Vaziri, Niacin ameliorates oxidative stress, 
inflammation, proteinuria, and hypertension in rats with chronic renal failure, Am. J. Physiol. 
Renal Physiol. 297 (2009) F106-F113; DOI: 10.1152/ajprenal.00126.2009.

43.  A. El Atrash, L. Dawood, E. Tousson and A. Salama, Neuroprotective role of vitamin B3 in ex-
perimentally induced oxidative stress, Int. J. Clin. Exp. Neurol. 3 (2015) 21–25; DOI: 10.12691/ij-
cen-3-1-4.

44.  S. Hamoud, M. Kaplan, E. Meilin, A. Hassan, R. Torgovicky, R. Cohen and T. Hayek, Niacin ad-
ministration significantly reduces oxidative stress in patients with hypercholesterolemia and low 
levels of high-density lipoprotein cholesterol, Am. J. Med. Sci. 345 (2013) 195–199; DOI: 10.1097/
MAJ.0b013e3182548c28.

45.  A. Kei, C. Tellis, E. Liberopoulos, A. Tselepis and M. Elisaf, Effect of switch to the highest dose of 
rosuvastatin versus add-on-statin fenofibrate versus add-on-statin nicotinic acid/laropiprant on 
oxidative stress markers in patients with mixed dyslipidemia, Cardiovasc. Ther. 32 (2014) 139–146; 
DOI: 10.1111/1755-5922.12072.

46.  M Lukasova, C. Malaval, A. Gille, J. Kero and S. Offermanns, Nicotinic acid inhibits progression 
of atherosclerosis in mice through its receptor GPR109A expressed by immune cells, J. Clin. Invest. 
121 (2011) 1163–1173; DOI: 10.1172/JCI41651.

47.  W. Y. Kwon, G. J. Suh, K. S. Kim and Y. H. Kwak, Niacin attenuates lung inflammation and im-
proves survival during sepsis by downregulating the nuclear factor-kB pathway, Crit. Care Med. 
39 (2011) 328–334; DOI: 10.1097/CCM.0b013e3181feeae4.

48.  Y. Si, Y. Zhang, J. Zhao, S. Guo, L. Zhai, S. Yao, H. Sang, N. Yang, G. Song, J. Gu and S. Qin, Niacin 
inhibits vascular inflammation via downregulating nuclear transcription factor-kB signaling 
pathway, Mediators Inflamm. 2014 (2014) article ID 263786 (12 pages); DOI: 10.1155/2014/263786.

49.  J. T. Kuvin, D. M. Dave, K. A. Sliney, P. Mooney, A. R. Patel, C. D. Kimmelstiel and R. H. Karas, 
Effects of extended release niacin on lipoprotein particle size, distribution, an inflammatory 



464

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

markers in patients with coronary artery disease, Am. J. Cardiol. 98 (2006) 743–745; DOI:10.1016/j.
amjcard.2006.04.011.

50.  M. Thoenes, A. Oguchi, S. Nagamia, C. S. Vaccari, R. Hammoud, G. E. Umpierrez and B. V. Khan, 
The effects of extended-release niacin on carotid intimal media thickness, endothelial function 
and inflammatory markers in patients with the metabolic syndrome, Int. J. Clin. Pract. 61 (2007) 
1942–1948; DOI: 10.1111/j.1742-1241.2007.01597.x.

51.  P. M. Ridker, M. J. Stampfer and N. Rifai, Novel risk factors for systemic atherosclerosis. A com-
parison of C-reactive protein, fibrinogen, homocysteine, lipoprotein(a), and standard cholesterol 
screening as predictors of peripheral arterial disease, JAMA 285 (2001) 2481–2485; DOI: 10.1001/
jama.285.19.2481.

52.  N. Singh, A. Gurav, S. Sivaprakasam, E. Brady, R. Padia, H. Shi, M. Thangaraju, P. D. Prasad, S. 
Manicassamy, D. H. Munn, J. R. Lee, S. Offermanns and V. Ganapathy, Activation of Gpr109a, 
receptor for niacin and the commensal metabolite butyrate, suppresses colonic inflammation and 
carcinogenesis, Immunity 40 (2014) 128–139; DOI: 10.1016/j.immuni.2013.12.007.

53.  J. O. Johansson, N. Egberg, A. Asplund-Carlson and L. A. Carlson, Nicotinic acid treatment shifts 
the fibrinolytic balance favourably and decreases plasma fibrinogen in hypertriglyceridaemic 
men, J. Cardiovasc. Risk 4 (1997) 165–171; DOI: 10.1177/174182679700400302.

54.  S. Tavintharan, M. Sivakumar, S. C. Lim and C. F. Sum, Niacin affects cell adhesion molecules and 
plasminogen activator inhibitor-1 in HepG2 cells, Clin. Chim. Acta 376 (2007) 41–44; DOI: 10.1016/j.
cca.2006.07.009.

55.  R. S. Rosenson, Antiatherothrombotic effects of nicotinic acid, Atherosclerosis 171 (2003) 87–96; 
DOI: 10.1016/j.atherosclerosis.2003.07.003.

56.  G. Lowe, A. Rumley, J. Norrie, I. Ford, J. Shepherd, S. Cobbe, P. Macfarlane and C. Packard, Blood 
rheology, cardiovascular risk factors, and cardiovascular disease: the West of Scotland Coronary 
Prevention Study, Thromb. Haemost. 84 (2000) 553–558. Erratum in: Thromb. Haemost. 85 (2001) 946.

57.  L. Wilhelmsen, K. Svärdsudd, K. Korsan-Bengtsen, B. Larsson, L. Welin and G. Tibblin, Fibrino-
gen as a risk factor for stroke and myocardial infarction, N. Engl. J. Med. 311 (1984) 501–505; DOI: 
10.1056/NEJM198408233110804.

58.  W. B. Kannel, P. A. Wolf, W. P. Castelli and R. B. D‘Agostino, Fibrinogen and risk of cardiovascular 
disease. The Framingham Study, JAMA 258 (1987) 1183–1186; DOI:10.1001/jama.1987.03400090067035.

59.  J. Ma, C. H. Hennekens, P. M. Ridker and M. J. Stampfer, A prospective study of fibrinogen and 
risk of myocardial infarction in the physicians‘ health study, J. Am. Coll. Cardiol. 33 (1999) 1347–
1352; DOI:10.1016/S0735-1097(99)00007-8.

60.  P. Y. Scarabin, D. Arveiler, P. Amouyel, C. Dos Santos, A. Evans, G. Luc, J. Ferrières and I. Juhan-
Vague, Prospective epidemiological study of myocardial infarction. Plasma fibrinogen explains 
much of the difference in risk of coronary heart disease between France and Northern Ireland. 
The PRIME study, Atherosclerosis 166 (2003) 103–109; DOI: 10.1016/S0021-9150(02)00309-X.

61.  A. Kei and M. Elisaf, Nicotinic acid/laropiprant reduces platelet count but increases mean platelet 
volume in patiens with primary dyslipidemia, Arch. Med. Sci. 3 (2014) 439–444; DOI: 10.5114/
aoms.2014.43738.

62.  K. Stach, F. Zaddach, X. D. Nguyen, E. Elmas, S. Kralev, C. Weiß, M. Borggrefe and T. Kälsch, Ef-
fects of nicotinic acid on endothelial cells and platelets, Cardiovasc. Pathol. 21 (2012) 89–95; DOI: 
10.1016/j.carpath.2011.04.002.

63.  A. M. Gotto and H. Pownall, Manual of Lipid Disorders, 3rd ed., Lippincott Williams & Wilkins, 
Philadelphia 2003.

64.  L. A. Carlson, Nicotinic acid: the broad-spectrum lipid drug. A 50th anniversary review, J. Intern. 
Med. 258 (2005) 94–114; DOI: 10.1111/j.1365-2796.2005.01528.x.

65.  [The Emerging Risk Factors Collaboration] S. Erqou, S. Kaptoge, P. L. Perry, E. A. Di Angelantonio, I. 
R. Thompson, S. M. White, R. Marcovina, R. Collins, S. G. Thompson and J. Danesh, Lipoprotein(a) 



465

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

concentration and the risk of coronary heart disease, stroke and nonvascular mortality, JAMA 302 
(2009) 412–423; DOI: 10.1001/jama.2009.1063.

66.  M. L. Koschinsky and S. M. Marcovina, Structure-function relationships in apolipoprotein(a): 
insights into lipoprotein(a) assembly and pathogenicity, Curr. Opin. Lipidol. 15 (2004) 167–167; DOI: 
10.1097/01.mol.0000124528.75650.be.

67.  S. Tsimikas, L. D. Tsironis and A. D. Tselepis, New insights into the role of lipoprotein(a)-associ-
ated lipoprotein-associated phospholipase A2 in atherosclerosis and cardiovascular disease, Ar-
terioscler. Thromb. Vasc. Biol. 27 (2007) 2094–2099; DOI: 10.1161/01.ATV.0000280571.28102.d4..

68.  S. Tsimikas, J. Willeit, M. Knoflach, M. Mayr, G. Egger, M. Notdurfter, J. L. Witztum, C. J. Wieder-
mann, Q. Xu and S. Kiechl, Lipoprotein-associated phospholipase A2 activity, ferritin levels, 
metabolic syndrome, and 10-year cardiovascular and non-cardiovascular mortality: results from 
the Bruneck study, Eur. Heart J. 30 (2009) 107–115; DOI: 10.1093/eurheartj/ehn502.

69.  V. Serebruany, A. Malinin, D. Aradi, W. Kuliczkowski, N. B. Norgard and W. E. Boden, The in 
vitro effects of niacin on platelet biomarkers in human volunteers, Thromb. Haemost. 104 (2010) 
311–317; DOI: 10.1160/TH10-01-0015.

70.  M. Liu and F. Liu, Transcriptional and post-translational regulation of adiponectin, Biochem. J. 425 
(2009) 41–52; DOI: 10.1042/BJ20091045.

71.  H. Kobayashi, N. Ouchi, S. Kihara, K. Walsh, M. Kumada, Y. Abe, T. Funahashi and Y. Matsuzawa, 
Selective suppression of endothelial cell apoptosis by the high molecular weight form of adipo-
nectin, Circ. Res. 94 (2004) e27-e31; DOI: 10.1161/01.RES.0000119921.86460.37.

72.  M. Kumada, S. Kihara, S. Sumitsuji, T. Kawamoto, S. Matsumoto, N. Ouchi, Y. Arita, Y. Okamoto, 
I. Shimomura, H. Hiraoka, T. Nakamura, T. Funahashi, Y. Matsuzawa and Osaka CAD Study 
Group. Coronary artery disease, Association of hypoadiponectinemia with coronary artery dis-
ease in men, Arterioscler. Thromb. Vasc. Biol. 23 (2003) 85–89; DOI: 10.1161/01.ATV.0000048856.22331.50.

73.  F. Otsuka, S. Sugiyama, S. Kojima, H. Maruyoshi, T. Funahashi, K. Matsui, T. Sakamoto, M. Yo-
shimura, K. Kimura, S. Umemura and H. Ogawa, Plasma adiponectin levels are associated with 
coronary lesion complexity in men with coronary artery disease, J. Am. Coll. Cardiol. 48 (2006) 
1155–1162; DOI: 10.1016/j.jacc.2006.05.054.

74.  T. Pischon, C. J. Girman, G. S. Hotamisligil, N. Rifai, F. B. Hu and E. B. Rimm, Plasma adiponectin 
levels and risk of myocardial infarction in men, JAMA 291 (2004) 1730–1737; DOI: 10.1001/
jama.291.14.1730.

75.  W. Koenig, N. Khuseinova, J. Baumert, C. Meisinger and H. Löwel, Serum concentrations of adi-
ponectin and risk of type 2 diabetes mellitus and coronary heart disease in apparently healthy 
middle-aged men: results from the 18-year follow-up of a large cohort from southern Germany, J. 
Am. Coll. Cardiol. 48 (2006) 1369–1377; DOI: 10.1016/j.jacc.2006.06.053.

76.  C. Kistorp, J. Faber, S. Galatius, F. Gustafsson, J. Frystyk, A. Flyvbjerg and P. Hildebrandt, Plasma 
adiponectin, body mass index, and mortality in patients with chronic heart failure, Circulation 112 
(2005) 1756–1762; DOI: 10.1161/CIRCULATIONAHA.104.530972.

77.  T. Nakamura, H. Funayama, N. Kubo, T. Yasu, M. Kawakami, M. Saito, S. Momomura and S. E. 
Ishikawa, Association of hyperadiponectinemia with severity of ventricular dysfunction in con-
gestive heart failure, Circ. J. 70 (2006) 1557–1562; DOI: 10.1253/circj.70.1557.

78.  T. Tamura, Y. Furukawa, R. Taniguchi, Y. Sato, K. Ono, H. Horiuchi, Y. Nakagawa, T. Kita and T. 
Kimura, Serum adiponectin level as an independent predictor of mortality in patients with con-
gestive heart failure, Circ. J. 71 (2007) 623–630; DOI: 10.1253/circj.71.623.

79.  L. Chen, W. Y. So, S. Y. Li, Q. Cheng, B. J. Boucher and P. S. Leung, Niacin-induced hyperglycemia 
is partially mediated via niacin receptor GPR109a in pancreatic islets, Mol. Cell. Endocrinol. 404 
(2015) 56–66; DOI: 10.1016/j.mce.2015.01.029.



466

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

80.  T. E. Graham, Q. Yang, M. Blüher, A. Hammarstedt, T. P. Ciaraldi, R. R. Henry, C. J. Wason, A. Ober-
bach, P. A. Jansson, U. Smith and B. B. Kahn, Retinol-binding protein 4 and insulin resistance in 
lean, obese, and diabetic subjects, N. Engl. J. Med. 354 (2006) 2552–2563; DOI: 10.1056/NEJMoa054862.

81.  Q. Yang, T. E. Graham, N. Mody, F. Preitner, O. D. Peroni, J. M. Zabolotny, K. Kotani, L. Quadro 
and B. B. Kahn, Serum retinol binding protein 4 contributes to insulin resistance in obesity and 
type 2 diabetes, Nature 436 (2005) 356–362; DOI: 10.1038/nature03711.

82.  V. C. Luft, M. Pereira, J. S. Pankow, C. Ballantyne, D. Couper, G. Heiss and B. B. Duncan, Retinol 
binding protein 4 and incident diabetes – the Atherosclerosis Risk in Communities Study (ARIC 
Study), Rev. Bras. Epidemiol. 16 (2013) 388–397; DOI: 10.1590/S1415-790X2013000200014.

83.  B. Vergès, B. Guiu, J. P. Cercueil, L. Duvillard, I. Robin, P. Buffier, B. Bouillet, S. Aho, M. C. Brindisi 
and J. M. Petit, Retinol-binding protein 4 is an independent factor associated with triglycerides and 
a determinant of very low-density lipoprotein-apolipoprotein B100 catabolism in type 2 diabetes 
mellitus, Arterioscler. Thromb. Vasc. Biol. 32 (2012) 3050–3057; DOI: 10.1161/ATVBAHA.112.255190.

84.  D. Wanders, Novel Pleiotropic Effects of Niacin, Ph. D. Thesis, Auburn University, Auburn (AL, USA) 
2012.

85.  M. M. Heemskerk, H. K. Dharuri, S. A. van den Berg, H. S. Jónasdóttir, D. P. Kloos, M. Giera, K. W. 
van Dijk and V. van Harmelen, Prolonged niacin treatment leads to increased adipose tissue 
PUFA synthesis and anti-inflammatory lipid and oxylipin plasma profile, J. Lipid Res. 55 (2014) 
2532–2540; DOI: 10.1194/jlr.M051938.

86.  R. Fischer, A. Konkel, H. Mehling, K. Blossey, A. Gapelyuk, N. Wessel, C. von Schacky, R. Dech-
end, D. N. Muller, M. Rothe, F. C. Luft, K. Weylandt and W. H. Schunck, Dietary omega-3 fatty 
acids modulate the eicosanoid profile in man primarily via the CYP-epoxygenase pathway, J. 
Lipid Res. 55 (2014) 1150–1164; DOI: 10.1194/jlr.M047357.

87.  S. H. Ganji, G. D. Kukes, N. Lambrecht, M. L. Kashyap and V. S. Kamanna, Therapeutic role of 
niacin in the prevention and regression of hepatic steatosis in rat model of nonalcoholic fatty 
liver disease, Am. J. Physiol. Gastrointest. Liver Physiol. 306 (2014) G320-G327; DOI: 10.1152/ajp-
gi.00181.2013.

88.  M. Hara, M. Kurano, K. Tsuneyama, K. Kikuchi, A. Takai, T. Matsushima and K. Tsukamoto, 
Nicotinic acid prevents and restores steatohepatitis together with amelioration of postprandial 
dyslipidemia, Arterioscler. Thromb. Vasc. Biol. 34 (2014) A601.  American Heart Association (AHA) 
Arteriosclerosis, Thrombosis and Vascular Biology (ATVB) 2014 Spring Conference, Toronto, 
Canada, May 1–3, 2014.

89.  T. H. Grahn, R. Kaur, J. Yin, M. Schweiger, V. M. Sharma, M. J. Lee, Y. Ido, C. M. Smas, R. Zechner, 
A. Lass and V. Puri, Fat-specific protein 27 (FSP27) interacts with adipose triglyceride lipase 
(ATGL) to regulate lipolysis and insulin sensitivity in human adipocytes, J. Biol. Chem. 289 (2014) 
12029–12039; DOI: 10.1074/jbc.M113.539890.

90.  E. Fabbrini, B. S. Mohammed, K. M. Korenblat, F. Magkos, J. McCrea, B. W. Patterson and S. Klein, 
Effect of fenofibrate and niacin on intrahepatic triglyceride content, very low-density lipoprotein 
kinetics, and insulin action in obese subjects with nonalcoholic fatty liver disease, J. Clin. Endocri-
nol. Metab. 95 (2010) 2727–2735; DOI: 10.1210/jc.2009-2622.

91.  M. Hu, W. C. Chu, S. Yamashita, D. K. Yeung, L. Shi, D. Wang, D. Masuda, Y. Yang and B. Tomlin-
son, Liver fat reduction with niacin is influenced by DGAT-2 polymorphisms in hypertriglyceri-
demic patients, J. Lipid Res. 53 (2012) 802–809; DOI: 10.1194/jlr.P023614.

92.  R. N. Foley, P. S. Parfrey and M. J. Sarnak, Epidemiology of cardiovascular disease in chronic renal 
disease, J. Am. Soc. Nephrol. 9 (Suppl. 12) (1998) S16-S23.

93.  A. S. Go, G. M. Chertow, D. Fan, C. E. McCulloch and C. Y. Hsu, Chronic kidney disease and the 
risks of death, cardiovascular events, and hospitalization, N. Engl. J. Med. 351 (2004) 1296–1305; 
DOI: 10.1056/NEJMoa041031.



467

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

94.  M. J. Sarnak, A. S. Levey, A. C. Schoolwerth, J. Coresh, B. Culleton, L. L. Hamm, P. A. McCullough, 
B. L. Kasiske, E. Kelepouris, M. J. Klag, P. Parfrey, M. Pfeffer, L. Raij, D. J. Spinosa and P. W. Wilson, 
Kidney disease as a risk factor for development of cardiovascular disease: a statement from the 
American Heart Association Councils on Kidney in Cardiovascular Disease, High Blood Pressure 
Research, Clinical Cardiology, and Epidemiology and Prevention, Circulation 108 (2003) 2154–
2169; DOI: 10.1161/01.CIR.0000095676.90936.80.

95.  J. Omran, A. Al-Dadah and K. C. Dellsperger, Dyslipidemia in patients with chronic and end-
stage kidney disease, Cardiorenal Med. 3 (2013) 165–177; DOI: 10.1159/000351985.

96.  N. D. Vaziri, Causes of dysregulation of lipid metabolism in chronic renal failure, Semin. Dial. 22 
(2009) 644–651; DOI: 10.1111/j.1525-139X.2009.00661.x.

97.  V. Tsimihodimos, Z. Mitrogianni and M. Elisaf, Dyslipidemia associated with chronic kidney 
disease, Open Cardiovasc. Med. J. 5 (2011) 41–48.

98.  E. A. Friedman, Consequences and management of hyperphosphatemia in patients with renal 
insufficiency, Kidney Int. Suppl. 95 (2005) S1-S7; DOI: 10.1111/j.1523-1755.2005.09500.x.

99.  M. Tonelli, N. Pannu and B. Manns, Oral phosphate binders in patients with kidney failure, N. 
Engl. J. Med. 362 (2010) 1312–1324; DOI: 10.1056/NEJMra0912522.

100.  H. J. Kang, D. Y. Kim, S. M. Lee, K. H. Kim, S. H. Han, H. K. Nam, K. H. Kim, S. E. Kim, Y. K. Son 
and W. S. An, Effect of low-dose niacin on dyslipidemia, serum phosphorus levels and adverse 
effects in patients with chronic kidney disease, Kidney Res. Clin. Pract. 32 (2013) 21–26; 
DOI: 10.1016/j.krcp.2012.12.001.

101.  D. Maccubbin, D. Tipping, O. Kuznetsova, W. A. Hanlon and A. G. Bostom, Hypophosphatemic 
effect of niacin in patients without renal failure: a randomized trial, Clin. J. Am. Soc. Nephrol. 5 
(2010) 582–589; DOI: 10.2215/CJN.07341009.

102.  P. Aramwit, R. Srisawadwong and O. Supasyndh, Effectiveness and safety of extended-release 
nicotinic acid for reducing serum phosphorus in hemodialysis patients, J. Nephrol. 25 (2012) 
354–362; DOI: 10.5301/jn.5000011.

103.  K. Kitai, H. Tanaka, S. Tatsymi, Y. Fukunaga, K. Genjida, K. Morita, N. Kuboyama, T. Suzuki, T. 
Akita, K. Miyamoto and E. Takeda, Nicontinamide inhibits sodium-dependent phosphate co-
transport activity in rat small intestine, Nephrol. Dial. Transplant. 14 (1999) 1195–1201; DOI: 
10.1093/ndt/14.5.1195.

104.  S. Shin and S. Lee, Niacin as a drug repositioning candidate for hyperphosphatemia manage-
ment in dialysis patients, Ther. Clin. Risk Manag. 10 (2014) 875–883; DOI: 10.2147/TCRM.S71559.

105.  M. H. Ahmed, Niacin as potential treatment for dyslipidemia and hyperphosphatemia associ-
ated with chronic renal failure: the need for clinical trials, Renal Failure. 32 (2010) 642–646; DOI: 
10.3109/08860221003753323.

106.  E. Streja, C. P. Kovesdy, D. A. Streja, H. Moradi, K. Kalantar-Zadeh and M. L. Kashyap, Niacin 
and progression of CKD, Am. J. Kidney Dis. 65 (2015) 785–798; DOI: 10.1053/j.ajkd.2014.11.033.

107.  M. Al-Hijji, S. S. Martin, P. H. Joshi and S. R. Jones, Effect of equivalent on-treatment apolipopro-
tein levels on outcomes (from the AIM-HIGH and HPS2-THRIVE), Am. J. Cardiol. 112 (2013) 
1697–1700; DOI: 10.1016/j.amjcard.2013.07.030.

108.  A. Owada, S. Suda and T. Hata, Antiproteinuric effect of niceritrol, a nicotinic acid derivative, in 
chronic renal disease with hyperlipidemia: a randomized trial, Am. J. Med. 114 (2003) 347–353; 
DOI: 10.1016/S0002-9343(02)01567-X.

109.  H. Goel and R. L. Dunbar, Niacin alternatives for dyslipidemia: Fool’s gold or gold mine? Part II: 
Novel niacin mimetics, Curr. Atheroscler. Rep. 18 (2016) article 17 (13 pages); DOI: 10.1007/s11883-
016-0570-9.

110.  R. S. Birjmohun, B. A. Hutten, J. J. P. Kastelein and E. S. G. Stroes, Efficacy and safety of high-
density lipoprotein cholesterol-increasing compounds: a meta-analysis of randomized con-
trolled trials, J. Am. Coll. Cardiol. 45 (2005) 185–197; DOI: 10.1016/j.jacc.2004.10.031.



468

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

111.  J. Hanson, A. Gille, S. Zwykiel, M. Lukasova, B. E. Clausen, K. Ahmed, S. Tunaru, A. Wirth and 
S. Offermanns, Nicotinic acid- and monomethyl fumarate-induced flushing involves GPR109A 
expressed by keratinocytes and COX-2-dependent prostanoid formation in mice, J. Clin. Invest. 
120 (2010) 2910–2919; DOI: 10.1172/JCI42273.

112.  R. H. Stern, J. D. Spence, D. J. Freeman and A. Parbtani, Tolerance to nicotinic acid flushing, Clin. 
Pharmacol. Ther. 50 (1991) 66–70; DOI: 10.1038/clpt.1991.104.

113.  S. Andersson, L. A. Carlson, L. Orö and E. A. Richards, Effect of nicotinic acid on gastric secre-
tion of acid in human subjects and in dogs, Scand. J. Gastroenterol. 6 (1971) 555–559; DOI: 
10.3109/00365527109179938.

114.  J. McKenney, New perspectives on the use of niacin in the treatment of lipid disorders, Arch. 
Intern. Med. 164 (2004) 697–705; DOI: 10.1001/archinte.164.7.697.

115.  S. S. Bhardwaj and N. Chalasani, Lipid-lowering agents that cause drug-induced hepatotoxicity, 
Clin. Liver Dis. 11 (2007) 597–613; DOI: 10.1016/j.cld.2007.06.010.

116.  J. R. Guyton and H. E. Bays, Safety considerations with niacin therapy, Am. J. Cardiol. 99 (6, 
Suppl. 1) (2007) S22–S31; DOI: 10.1016/j.amjcard.2006.11.018.

117.   J. R. Guyton, S. Fazio, A. J. Adewale, E. Jensen, J. E. Tomassini, A. Shah and A. M. Tershakovec, 
Effect of extended-release niacin on new-onset diabetes among hyperlipidemic patients treated 
with ezetimibe/simvastatin in a randomized controlled trial, Diabetes Care 35 (2012) 857–860; 
DOI: 10.2337/dc11-1369.

118.  A. M. Poynten, S. K. Gan, A. D. Kriketos, A. O’Sullivan, J. J. Kelly, B. A. Ellis, D. J. Chisholm and 
L. V. Campbell, Nicotinic acid-induced insulin resistance is related to increased circulating fatty 
acids and fat oxidation but not muscle lipid content, Metabolism 52 (2003) 699–704; DOI: 10.1016/
S0026-0495(03)00030-1.

119.  L. A. Carlson and L.Oro, The effect of nicotinic acid on the plasma free fatty acid; demonstration 
of a metabolic type of sympathicolysis, Acta Med. Scand. 172 (1962) 641–645; DOI: 
10.1111/j.0954-6820.1962.tb07203.x.

120.  M. M. Heemskerk, S. A. A. van den Berg, A. C. M. Pronk, J.-B. van Klinken, M. R. Boon, L. M. 
Havekes, P. C. N. Rensen, K. W. van Dijk and V. van Harmelen, Long-term niacin treatment in-
duces insulin resistance and adrenergic responsiveness in adipocytes by adaptive downregula-
tion of phosphodiesterase 3B, Am. J. Physiol. Endocrinol. Metabol. 306 (2014) E808-E813; DOI:10.1152/
ajpendo.00641.2013.

121.  L. Chen, W. Y. So, S. Y. T. Li, Q. Cheng, B. J. Boucher and P. S. Leung, Niacin-induced hypergly-
cemia is partially mediated via niacin receptor GPR109a in pancreatic islets, Mol. Cell. Endocrinol. 
404 (2015) 56–66; DOI: 10.1016/j.mce.2015.01.029.

122.  T. P. Wong, L. K. Y. Chan and P. S. Leung, Involvement of the niacin receptor GPR109a in the 
local control of glucose uptake in small intestine of type 2 diabetic mice, Nutrients 7 (2015) 7543–
7561; DOI: 10.3390/nu7095352.

123.  C. Goldie, A. J. Taylor, P. Nguyen, C. McCoy, X.-Q. Zhao and D. Preiss, Niacin therapy and the 
risk of new-onset diabetes: A meta-analysis of randomised controlled trials, Heart 102 (2016) 
198–203; DOI: 10.1136/heartjnl-2015-308055.

124.  P. L. Canner, C. D. Furberg, M. L. Terrin and M. E. McGovern, Benefits of niacin by glycemic 
status in patients with healed myocardial infarction (from the Coronary Drug Project), Am. J. 
Cardiol. 95 (2005) 254–257; DOI: 10.1016/j.amjcard.2004.09.013.

125.  S. L.Gershon and I. H. Fox, Pharmacologic effects of nicotinic acid on human purine metabolism, 
J. Lab. Clin. Med. 84 (1974) 179–186.

126.  Z. N. Gaut, R. Pocelinko, H. M. Solomon and G. B. Thomas, Oral glucose tolerance, plasma insu-
lin, and uric acid excretion in man during chronic administration of nicotinic acid, Metabolism 
20 (1971) 1031–1035; DOI: 10.1016/0026-0495(71)90026-6.



469

M. Zeman et al.: Pleiotropic effects of niacin: Current possibilities for its clinical use, Acta Pharm. 66 (2016) 449–469.

 

127.  D. Domanico, F. Verboschi, S. Altimari, L. Zompatori and E. M. Vingolo, Ocular effects of niacin: 
A review of the literature, Med. Hypothesis Discov. Innov. Ophthalmol. 4 (2015) 64–71.

128.  H. Stals, C. Vercammen, C. Peeters and M. A. Morren, Acanthosis nigricans caused by nicotinic 
acid: case report and review of the literature, Dermatology 189 (1994) 203–206; DOI: 10.1159/000246834.

129.  A. G. Gharavi, J. A. Diamond, D. A. Smith and R. A. Phillips, Niacin-induced myopathy, Am. J. 
Cardiol. 74 (1994) 841–842; DOI: 10.1016/0002-9149(94)90453-7.

130.  A. Pandian, A. Arora, L. S. Sperlinga and B. V. Khan, Targeting mulitple dyslipidemias with fixed 
combinations – focus on extended release niacin and simvastatin, Vasc. Health Risk Manag. 4 
(2008) 1001–1009; DOI: 10.2147/VHRM.S3460.


