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Niacin is a water-soluble vitamin (vitamin B
3
) 

abundant in meat, eggs, fish, dairy and veg-
etables [1]. Its deficiency causes pellagra, a 
disease characterized by dermatitis, diarrhea 
and dementia. Niacin is a fundamental pre-
cursor of the coenzymes nicotinamide adenine 
dinucleotide (NAD) and NAD phosphate 
(NADP), which play a crucial role in the chemi-
cal reactions underlying the normal functions 
and survival of different cell types. Nicotinic 
acid and nicotinamide have been interchange-
ably termed as ‘niacin equivalents’  [2]. Only 
the administration of high doses (~2 g/day) 
of nicotinic acid has been shown to improve 
lipid profile, but this can also induce unwanted 
effects, such as cutaneous flushing [3]. Although 
low doses (~15 mg/day) of nicotinamide are 
recommended to reduce the risk of pellagra [4], 
high doses (~3 g/day) are not well tolerated and 
require medical supervision [5]. Furthermore, 
differently from nicotinic acid, high doses of 
nicotinamide do not improve lipid profile [6]. 

Thus, among niacin equivalents, nicotinic 
acid is the most widely investigated beneficial 
molecule in cardiovascular disease and lipid 
management. Despite evidence from basic 
research and clinical studies, the molecular 
mechanisms underlying its protective and 
adverse effects remain unclear. Even less is 
known about possible niacin-mediated direct 
pleiotropic and anti-inflammatory activities. 
Interestingly, the recent demonstration of possi-
ble nicotinic acid receptors (orphan G‑protein-
coupled receptors named GPR109A [high affin-
ity, mouse PUMA-G equivalent] and GPR109B 
[low affinity]) on adipocytes and immune cells 
may have promising implications for develop-
ments in atherosclerosis [7–9]. However, since 
GPR109B was activated only at extremely high 
concentrations (EC

50
 values are in excess of 

1 mM) that are not reached in the plasma even 
after very high doses, GPR109A is considered 
the most important receptor of nicotinic acid. 
In this article, we will update research evidence 
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Nicotinic acid (at a daily dose of grams) has been shown to induce potent antiatherosclerotic 
effects in human and animal models. Evidence from clinical studies performed in the 1950s 
has shown that nicotinic acid treatment remarkably improves the plasma lipid profile. Large 
clinical studies showed that nicotinic acid improves clinical cardiovascular outcomes. Given the 
protective effects of niacin, basic research studies were designed to explore additional 
antiatherosclerotic pathways, such as those involved in cardiovascular inflammation. After the 
discovery of the nicotinic acid receptor GPR109A on adipocytes and immune cells, novel direct 
immunomodulatory properties of nicotinic acid have been identified. Importantly, the regulation 
of the release of inflammatory mediators from adipose tissue was observed, independent of 
lipid level amelioration. Less is known about the possible direct anti-inflammatory activities of 
nicotinic acid in other cells (such as hepatocytes, endothelial and vascular cells) previously 
indicated as key players in atherogenesis. Thus, further studies are needed to clarify this 
promising topic. Emerging evidence from clinical and basic research studies indicates that novel 
direct antiatherosclerotic properties might mediate nicotinic acid-induced cardiovascular 
protection. Despite some limitations in its clinical use (mainly due to the incidence of adverse 
events, such as cutaneous flushing and hepatotoxicity), nicotinic acid should be considered as 
a very potent therapeutic approach to reduce atherosclerosis. Promising research developments 
are warranted in the near future.
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exploring the therapeutic potential of nicotinic acid in the regula-
tion of atherosclerotic inflammation, also independently of lipid 
profile improvement.

Niacin-mediated adverse effects
Daily gram quantities of niacin produce not only marked ben-
efits on lipid profile and atherogenic dyslipidemia, but also sig-
nificant adverse events, mainly owing to drug formulation and 
metabolism  [10–12]. Glycine conjugation of niacin to produce 
nicotinuric acid was initially associated with cutaneous flush-
ing, localized in the upper body and face [13]. However, this first 
hypothesis, never based on very solid data, has been recently 
updated. Niacin-induced flushing was shown to be mainly 
mediated by the GPR109 nicotinic acid receptor and release 
of vasodilatory prostanoids [8,14]. Immediate-release niacin 
preparation has mainly been associated with cutaneous flushing 
and extended-release preparations have been shown to induce 
modest alterations of levels of alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) [15–17]. Importantly, 
cutaneous flushing limits the therapeutic use of niacin. A large 
amount of patients (~70–80%) has been shown to suffer from 
this adverse effect mainly during the first weeks of treatment 
[18]. Flushing tends to be reduced after several weeks of stable 
therapy and in the presence of extended-release niacin formula-
tions [19,20]. Although the total dose of niacin was similar in both 
preparations, the different adverse effects could be mediated by 
the plasma concentration peak of niacin and nicotinuric acid 
during early hours. New extended-release formulations have 
been designed to obtain an optimal balance between the niacin 
metabolic pathways [21]. Despite these efforts, the reduction of 
flushing response during extended-release niacin treatment was 
still modest. However, a selective antagonist of the DP1 recep-
tor (laropiprant, MK-0524) has been shown to strongly reduce 
niacin-mediated flushing in both human and animal studies 
[22–24]. Combination treatments with high doses of extended-
release niacin with laropiprant (30–300 mg/day) significantly 
reduced flushing-induced therapy discontinuation in dyslipid-
emic patients compared with niacin alone (10.2 vs 22%) [25]. 
Laropiprant did not affect niacin-mediated benefits on lipid 
profile [26]. Preliminary results on hepatotoxicity have also been 
reported during treatment with niacin/laropiprant. No signifi-
cant increase in ALT and AST levels or drug-induced hepatitis 
incidence was observed by Paolini and coworkers in the over-
all population pooled from three active or placebo-controlled 
Phase  III studies and three Phase  II 1-year safety extension 
studies [27]. In addition, no increase in ALT or AST levels was 
observed in combination 12-week treatments with different 
doses of niacin/laropiprant and simvastatin in patients with 
primary hypercholesterolemia or mixed hyperlipidemia  [28]. 
Following approval by the European Medicines Agency, 
extended-release niacin in combination with laropiprant is avail-
able on the market in several countries. The first clinical studies 
using niacin/laropiprant are encouraging. Further larger clinical 
trials are needed to better assess long-term safety and possible 
pleiotropic activities on clinical cardiovascular outcomes.

Evidence from clinical studies on nicotinic 
acid-mediated antiatherosclerotic activities
Lipid-modifying effects of niacin 
The beneficial effect of nicotinic acid on serum cholesterol was 
demonstrated for the first time 55 years ago by Altschul and 
coworkers [3]. A large body of clinical studies showed that thera-
peutic doses of nicotinic acid contribute to both improvement of 
lipid profile and reduction of cardiovascular and atherosclerotic 
outcomes (Table 1) [29–43]. Nicotinic acid has been shown to reduce 
circulating levels of proatherosclerotic LDL-cholesterol (LDL-
C), very low density lipoprotein (VLDL)-cholesterol and lipopro-
tein (a) and increase the protective HDL-cholesterol (HDL-C) 
[44]. Niacin-mediated in vivo effects on plasma VLDL, LDL and 
apolipoprotein (Apo)B levels depend on two main mechanisms: 
the enhancement of clearance of triglyceride-rich lipoproteins con-
taining ApoB100 and ApoB48 [45], and the decrease of production 
rate of VLDL [46]. On the other hand, niacin increases ApoA1 and 
HDL levels through different and controversial processes on the 
lipid profile [47]. The main mechanism of action of niacin to raise 
HDL levels has been indicated as a decrease in the fractional cata-
bolic rate of HDL–ApoA1 without affecting the synthetic rates 
[48]. Conversely, more recently, Lamon-Fava and coworkers showed 
that niacin upregulates ApoA1 production without affecting the 
fractional catabolic rate [45]. Furthermore, niacin induces transient 
inhibition of hormone-sensitive TG lipase in adipose tissue, thus 
reducing free fatty acid liberation, hepatic VLDL production and 
cholesteryl ester transfer protein (CETP)-mediated depletion of 
HDL. Niacin (at very high concentrations: 0.5–1 mM) has been 
shown to reduce the hepatic uptake of HDL in vitro [49,50]. Finally, 
niacin has been also shown to reduce the plasma levels and activity 
of CETP in APOE*3Leiden-transgenic mice expressing the human 
CETP gene [51]. In addition to HDL increase, niacin treatment 
could favorably influence HDL composition. Cardioprotective 
larger HDL particles (e.g., H5 and H4) were enhanced during 
niacin therapy in humans, while H1 particles were reduced [52,53]. 
The possible effect of niacin on the HDL

2
 subclass (which has 

been shown to be inversely correlated with coronary artery dis-
ease [54]) needs further experimental confirmation. Two ongoing 
trials (Atherothrombosis Intervention in Metabolic Syndrome 
with Low HDL/High Triglyceride and Impact on Global Health 
Outcomes [AIM-HIGH] and Treatment of HDL to Reduce the 
Incidence of Vascular Events [HPS2/THRIVE]) might clarify the 
clinical impact of niacin‑mediated improvement of lipid profile 
in humans [55,56].

Atherosclerotic surrogate & clinical end points
Treatment with nicotinic acid was associated with the improve-
ment of carotid intima–media thickness (cIMT) and reduction of 
mortality and acute cardiovascular events. In the Coronary Drug 
Project (CDP; performed between 1966 and 1975) niacin treat-
ment decreased nonfatal myocardial infarction recurrence in men 
with documented previous myocardial infarction. This benefit of 
niacin was associated with an improvement of total and LDL‑C 
levels [29]. Importantly, in 1981 Canner and coworkers investi-
gated the vital status for the men still alive at the end of treatment 
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and active follow-up in 1975 [57]. Survival of patients previously 
treated with niacin was higher compared with the placebo group. 
This study investigating long-term follow-up showed that niacin 
treatment also had a beneficial effect after treatment interrup-
tion. The authors suggested that niacin-mediated long-term effects 
were probably due to its lipid-lowering property and the lower 
recurrence of acute myocardial infarction [57]. However, a possible 
direct benefit on atherosclerosis (independent of lipid-lowering 
properties) should not be excluded. In 1987, the Cholesterol-
Lowering Atherosclerosis Study (CLAS) focused on combined 
therapy with colestipol hydrochloride and niacin in a randomized 
placebo-controlled trial that enrolled 162 nonsmoking men aged 
40–59 years with previous coronary bypass surgery. The authors 
showed that during 2 years of treatment there was a 26% reduction 
in total plasma cholesterol, a 43% reduction in LDL-C, and a 37% 
elevation of HDL-C. Furthermore, a significant reduction in the 
average number of lesions per subject and in the percentage of sub-
jects with new atheroma formation in native coronary arteries was 
observed [30]. The effect of oral niacin (1 g/day) on reducing endo-
thelial dysfunction in patients with coronary artery disease was 
also investigated [58]. The authors did not observe any changes in 
flow-mediated dilation and nitroglycerin-mediated endothelium-
independent dilation of the brachial artery after 12-week treat-
ment [58]. Conversely, Sorrentino and coworkers showed that HDL 
isolated from Type 2 diabetic patients treated with extended-
release niacin was more protective on endothelium compared with 
HDL isolated from diabetic patients treated with placebo [59]. The 
potential role of niacin treatment in atherosclerotic inflammation 
was not assessed in these studies. 

Cardiovascular inflammatory markers
In 2004, Taylor and coworkers investigated the levels of 
C-reactive protein (CRP) as a soluble parameter of athero-
sclerotic inflammation in a double-blind randomized placebo-
controlled study enrolling 167 patients with known coronary 
heart disease and low levels of HDL-C (<45 mg/dl). Once-
daily extended-release niacin (1 g) added to background statin 
therapy increased HDL-C as compared with placebo. After 
12 months, mean cIMT increased significantly in the placebo 
group (0.044 ± 0.100 mm; p < 0.001) and was unchanged in 
the niacin group (0.014 ± 0.104 mm; p = 0.23). However, the 
difference in cIMT between the niacin and placebo groups was 
not significant. More recently, Taylor and coworkers showed 
that niacin treatment in combination with an ongoing statin 
significantly reduced cIMT in patients with coronary heart 
disease as compared with ezetimibe/statin [42,43]. This improve-
ment was not associated with changes in CRP serum levels. 
The lack of activity of niacin treatment on CRP levels was 
also observed as compared with placebo [36]. Accordingly, no 
improvement in CRP levels was shown after 24 months of 
treatment with niacin [38]. High-dose niacin did not reduce 
CRP levels in a 24-week multicenter randomized double-blind 
study enrolling 1220 type IIa or IIb hyperlipidemic patients 
[40]. In this recent study, Guyton and coworkers showed that 
combination therapy with niacin and ezetimibe/simvastatin Ta
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did not improve CRP levels compared with ezetimibe/simv-
astin alone  [40]. Therefore, there is strong evidence against a 
direct role of niacin in the regulation of soluble factors (such as 
CRP) mediating atherosclerotic inflammation. However, these 
data on CRP were not confirmed by Thoenes and coworkers 
[39]. In a randomized study enrolling patients with metabolic 
syndrome, the authors showed that 52-week treatment with 
extended-release niacin (1 g/day) not only improved cIMT and 
lipid profile, but also CRP levels (reduction of 20%; p = 0.013) 
as compared with placebo. Surprisingly, the authors obtained a 
significant reduction in CRP levels despite investigating a very 
low number of patients [39]. The possible benefits of niacin on 
CRP levels have been also confirmed by Backes and cowork-
ers [60]. In particular, the administration of a niacin–lovastatin 
formulation to patients with dyslipidemia has been shown to be 
of particular interest in reducing serum CRP [61,62]. However, 
as combination therapies do not represent a very useful model 
to investigate niacin efficacy on CRP, further clinical studies 
with niacin treatment alone are required. Interestingly, low-
dose niacin (15 mg/day) has also been recently shown to influ-
ence atherosclerotic inflammation markers. To examine the 
association between plasma concentrations of CRP and the 
intake of vitamins, Scheurig and coworkers designed a cross-
sectional study using data from the Monitoring of Trends and 
Determinants in Cardiovascular Disease/Cooperative Health 
Research in the Region of Augsburg (MONICA/KORA) 
Survey 1994/95 using samples of 2045 women and 2172 men, 
aged 25–74 years. Intake of dietary vitamin supplements con-
taining niacin was associated with lower CRP levels in women, 
but not in men. This study also showed that intake of low doses 
of niacin could influence the inflammatory process underly-
ing the pathogenesis of atherosclerosis [63]. More recently the 
role of niacin treatment on other cardiovascular risk markers 
has also been investigated. Westphal and coworkers focused 
on adipocytokine levels in a randomized, placebo-controlled, 
double-blind study enrolling 30 men with the metabolic syn-
drome [64]. A 6-week treatment with 1.5 g/day extended-release 
niacin was compared with placebo. Adiponectin increased by 
56% (p < 0.001) and leptin by 26.8% (p < 0.012), while resis-
tin, TNF-a, IL-6 and high-sensitivity CRP levels remained 
unaltered. Despite the low number of patients, this study 
showed that a short-term treatment with high-dose niacin can 
influence adiponectin levels [64]. Another study (enrolling only 
24 patients) also confirmed niacin-mediated benefits on adi-
ponectin levels after 10 weeks of treatment [65]. The possible 
anti-inflammatory effects of high doses of niacin were recently 
investigated in 30 patients with impaired glucose tolerance, 
with low HDL-C serum concentrations (<1.0 mmol/l), but no 
additional comorbidities. After 6 months of daily niacin treat-
ment, the authors compared baseline body-fat mass, insulin 
sensitivity and adipocytokine serum concentrations. Niacin 
treatment significantly increased HDL-C, adiponectin levels 
and whole-body insulin sensitivity and reduced the proathero-
sclerotic circulating lipoprotein (a) and fasting triglycerides [66]. 
This study confirmed the particular efficacy of high-dose niacin 

treatment on improving lipid profile and atherosclerotic inflam-
mation in patients with impaired glucose tolerance or metabolic 
syndrome. These beneficial effects could at least in part be due 
to the possible pleiotropic effects of niacin in adipose tissue. 
In this context, Plaisance and coauthors clarified that niacin 
increased not only serum total concentrations of adiponectin, 
but also the active high-molecular weight (HMW) complex of 
this protein regulating important vascular anti-inflammatory 
and metabolic processes [67]. Although this study collected only 
15 men with metabolic syndrome and treatment was performed 
over 6 weeks, extended-release niacin increased both serum 
total and HMW adiponectin concentrations, suggesting that 
the increase in total adiponectin concentrations observed with 
extended-release niacin was primarily due to an increase in 
the active HMW complex in obese men with metabolic syn-
drome [67]. Research evidence regarding the effects of niacin 
treatment on other emerging soluble inflammatory markers of 
cardiovascular risk is needed. A recent study enrolling 42 men 
and women with LDL-C greater than 130 mg/dl and HDL-C 
less than 45 mg/dl (men) or 55 mg/dl (women) showed that 
incremental doses of Slo-Niacin® to 1.5 mg/day in combina-
tion with 10 mg/day atorvastatin for 3 months improved lipo-
protein lipids, apoproteins and high-sensitivity CRP without 
significantly decreasing circulating levels of the proinflamma-
tory cytokines TNF-a and IL-6 [68]. Niacin supplementation 
(50 mg/day) has been shown to reduce serum cytokine levels of 
IL-1b, IL-6, IL-8 and TNF-a in short-term tamoxifen-treated 
patients with breast cancer [69]. However, this study was not 
designed to assess cardiovascular outcomes. Thus, the majority 
of these investigations did not support any association between 
niacin treatment and the improvement of serum levels of car-
diovascular inflammatory mediators. Given the controversies 
probably due to the small number of patients recruited in these 
studies, large clinical trials based on inflammatory biomarker 
modification are needed.

Evidence from basic research studies on nicotinic 
acid-mediated antiatherosclerotic activities
The first clinical studies in humans indicated that nicotinic 
acid-induced benefits in atherosclerosis could be modulated by 
an improvement in circulating lipid profile. This crucial obser-
vation produced a great scientific effort to identify in vitro the 
molecular mechanisms underlying the positive impact of niacin 
therapy. However, recent evidence from Kashyap and coworkers 
showed that niacin reduced ApoB secretion in culture super-
natants of Hep G2 cells (human hepatoblastoma cell line) [70]. 
Interestingly, the authors showed that niacin-mediated benefits 
were due to the increase of the intracellular degradation of ApoB. 
One of the possible limitations of this study is represented by the 
dose of niacin (0.25–3 mmol/l), which was higher than pharma-
cologic plasma peak in vivo in humans (0.05–0.3 mmol/l) [71]. 
More recently, evidence from the same research group showed 
that niacin inhibited the activity of hepatocytes’ microsomal dia-
cylglycerol acyltransferase 2 (DGAT2; a key enzyme in triglycer-
ide synthesis) in Hep G2 cells at a pharmacologic concentration 
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(0.05 mmol/l) [72]. Both the synthetic and catabolic pathways 
of HDL-ApoA-I have also been investigated in vitro. Niacin 
has been shown to downregulate the uptake of HDL–Apo AI 
and the surface expression of b-chain ATP synthase in Hep 
G2 cells [73,74]. These studies showed that the niacin-mediated 
beneficial increase in HDL levels might be associated with the 
reduction of HDL hepatic removal through endocytosis. Less is 
known about the possible activation of niacin transmembrane 
receptors in the liver. As GPR109A and GPR109B (niacin low-
affinity receptor) are not expressed in the normal liver [7,75], 
further studies are needed to assess the possible regulation of 
niacin receptors in cardiovascular disease patients. Differently 
from the liver, niacin receptors seem to play a more important 
role in adipose tissue and inflammatory cells. In fact, GPR109A 
is highly expressed on these cell types and could mediate the 
majority of the anti-inflammatory effects of niacin. Emerging 
evidence from animal studies suggests that niacin receptor acti-
vation might inhibit triglyceride lipolysis in adipose tissue. In 
1963, Carlson showed that niacin decreased in vitro triglyc-
eride lipolysis in rat epididymal fat cells [76]. These data were 
confirmed by protein upregulated in macrophages by IFN‑g 
(PUMA-G; GPR109A mouse equivalent)-deficient mouse stud-
ies, where niacin treatment failed to reduce triglyceride and free 

fatty acid levels in PUMA-G-deficient mice  [8]. These studies 
clearly indicated that this receptor is essential for niacin-induced 
reduction of adipocyte fatty acid mobilization and triglyceride 
synthesis. On the other hand, niacin has also been shown to 
regulate other adipose tissue proinflammatory functions via its 
receptor. Plaisance and coworkers showed that a single admin-
istration of niacin improved serum adiponectin and nonesteri-
fied fatty acid concentrations in wild-type mice compared with 
placebo [77]. Importantly, these benefits were not observed in the 
PUMA-G knockout mice, indicating that this receptor also plays 
an important role in adipose tissue adiponectin secretion  [77]. 
Nicotinic acid has also been shown to suppress the release of 
proatherogenic chemokines and increase the secretion of pro-
tective adiponectin in vitro (from TNF-a-stimulated 3T3-L1 
adipocytes). In this case, niacin-induced activity was mediated 
via GPR109A [78].

The receptor pathway has also been indicated in niacin-
induced regulation of immune and vascular cell functions in 
atherosclerosis. This novel investigation field was first described 
to explain the possible mechanism underlying niacin-induced 
flushing. Human macrophages and skin Langerhans cells have 
been shown in vitro to release prostaglandin D

2 
via GPR109A 

in response to niacin [79,80]. The pivotal role of the niacin 

Figure 1. Nicotinic acid-mediated antiatherosclerotic activities. Among different ‘niacin equivalents’, only nicotinic acid (at high 
daily dose) has been shown to reduce atherogenesis. Nicotinic acid-mediated benefits might be dependent on plasma lipid profile 
improvement (mainly reduction of very low density lipoprotein, LDL and apolipoprotein-B and increase of HDL levels), and the reduction 
of atherosclerotic inflammation and endothelial dysfunction. Nicotinic acid modulates adipocyte and immune cell functions via its 
selective receptor GRP109A. Nicotinic acid molecular pathways in endothelial cells and hepatocytes are still largely unexplored.
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receptor pathway was confirmed in PUMA-G-deficient mice, 
showing that these mice did not develop an increase in ear 
blood flow during niacin treatment compared with control wild-
type mice [14]. After the publication of these studies, several 
authors investigated niacin-mediated prostaglandin synthesis, 
focusing on an immunologic approach. Knowles and cowork-
ers recently showed that pharmacological doses of niacin via 
its receptors induced the induction and activation of PPARg 
in human macrophages [81]. More recently, nicotinic acid has 
been shown in vitro to induce human neutrophil apoptosis via 
GPR109A [82]. These studies indicate that immune cell func-
tions and survival could be modulated by nicotinic acid via 
binding with receptor GPR109A. Further studies are needed 
on the role of this receptor in other inflammatory cell subsets 
(considered as crucial mediators in atherogenesis, such as T lym-
phocytes) [83,84]. More recently, a previously unknown benefit of 
niacin treatment has been suggested in endothelial cell dysfunc-
tion, leukocyte adhesion and oxidative stress. Wu and coworkers 
showed that niacin supplementation inhibited intima-media 
neutrophil recruitment and myeloperoxidase accumulation in 
an acute ‘collar-induced’ carotid inflammation in rabbits [85]. 
Accordingly, enhanced endothelial-dependent vasorelaxation 
was also observed. These beneficial effects were not related to 
plasma lipid improvements, suggesting that different pathways 
(i.e., niacin receptors) may mediate antiatherosclerotic effects 
beyond niacin’s conventional role as a lipid-regulating molecule. 
In vitro studies of endothelial cells confirmed the reduction of 
reactive oxygen species production and leukocyte adhesion to 
niacin-treated cells [86,87].

Conclusion
Basic research and clinical studies suggest a potential therapeu-
tic role for nicotinic acid to improve lipid profile and reduce 
atherosclerotic inflammation. In fact, its beneficial activities are 
not limited to plasma lipid improvement (mainly reduction of 
VLDL, LDL and ApoB and increase of HDL levels), as emerging 
evidence indicates nicotinic acid as a promising drug to modulate 
inflammatory cell functions. The recent discovery of nicotinic 
acid receptor GPR109A has indicated new investigation fields to 
better understand its direct ‘pleiotropic’ properties (Figure 1). The 
possible direct activities of nicotinic acid in different inflam-
matory cell subtypes involved in atherosclerosis remain to be 
better defined. At present, the most important limitations to 
the clinical use of high doses of nicotinic acid is represented by 
its adverse effects (mainly cutaneous flushing and hepatotoxic-
ity). In this context, the combination treatment approach with 

selective compounds to reduce adverse effect incidence will prob-
ably promote research efforts to evaluate niacin treatment as an 
anti-inflammatory drug.

Expert commentary & five-year view
High doses (g/day) of nicotinic acid represent a very promising 
therapy to improve plasma lipid profile and reduce atheroscle-
rotic clinical outcomes. In particular, clinical studies indicate 
that nicotinic acid reduces VLDL, LDL and ApoB levels and 
increases the protective HDL levels. Given the role of HDL as a 
potent cardiovascular protective factor, a nicotinic acid treatment 
approach is of particular relevance. Despite these benefits, high 
doses of nicotinic acid have been shown to induce remarkable 
adverse events (mainly cutaneous flushing and hepatotoxicity), 
which limited the clinical use by causing therapy discontinuation. 
Recently, a new combined formulation (niacin/laropiprant) has 
been shown to reduce the incidence of cutaneous flushing without 
affecting niacin antiatherosclerotic efficacy. In future, this com-
bination strategy approach might favor the clinical management 
and use of nicotinic acid also in combination with statins. The 
possible spreading of nicotinic acid clinical use might also pro-
mote a stronger research effort to better understand its potential 
direct anti-inflammatory activities in atherosclerosis, indepen-
dent of lipid profile amelioration. Similarly to statins, emerging 
evidence from basic research studies indicate that nicotinic acid 
reduces the release of inflammatory mediators from adipose tissue 
and immune cells. This pathway requires the activation of a selec-
tive transmembrane nicotinic acid receptor, GPR109A. Further 
molecular mechanisms (e.g., the activation of downstream intra-
cellular pathways and the possible regulation of anti-inflamma-
tory factors) remain unexplored and represent a very promising 
investigation field for cardiovascular basic scientists. Therefore, in 
the next few years, further rigorous and well-designed studies are 
required to better define a previously unknown anti‑inflammatory 
role of the ancient drug nicotinic acid.
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Key issues

•	 Among ‘niacin equivalents’, only nicotinic acid treatment reduces clinical cardiovascular outcomes and improves plasma lipid profile.

•	 Nicotinic acid-mediated atherosclerotic protection has been shown at a high oral daily dose (g/day), which has been associated with an 
increase of adverse events (e.g., cutaneous flushing and hepatotoxicity). 

•	 Recent evidence from basic research suggests that nicotinic acid might directly reduce atherosclerotic inflammation via its selective 
receptor GPR109A.

•	 Further studies are needed to better evaluate the previously unexplored anti-inflammatory properties of nicotinic acid in atherosclerosis. 
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