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Introduction

In pharmacologic doses niacin (nicotinic acid) has 
been used clinically for over six decades for atherogenic 
dyslipidemia and reduction of cardiovascular event 
risk [1]. In combination with statin therapy, it effects 
regression of coronary atherosclerosis [2,3]. Emerging 
evidence indicates a new potential use for niacin for the 
treatment of NAFLD and its complications [4]. Despite 
this enormous amount of data on niacin, there is confusion 
and misconceptions about its use of a drug rather than as a 
vitamin, its formulations, and how it can be used in clinical 
practice. The purpose of this invited brief communication 
is to update and summarize this emerging evidence. We 

comment on how it may be valuable in the context of 
other drugs-in-development for NAFLD, especially for 
combination therapy for synergistic efficacy.

Results of recent phase 2 and 3 clinical trials of several 
drugs for NAFLD/NASH have been very disappointing 
[5]. These very costly trials failed to either reach primary 
endpoints or revealed limited efficacy and tolerability. 
Most discouraging are 4 recent phase 3 trials in which 2 
failed completely (Elafibranor and Selonsertib, [6,7] and 
two drugs (Cenicriviroc and Obeticholic Acid) showed 
at least 1 stage reduction in fibrosis but no resolution of 
NASH [8,9]. Obeticholic Acid raised LDL-Cholesterol and 
caused itching as a nuisance side effect. However, as of this 
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writing, the FDA has not yet approved any drug for clinical 
use for NASH/NAFLD. Other drugs have been suspended 
from further development including seladelpar, emricasan, 
selonsertib. 

The road to a successful drug is a very steep challenge. 
NAFLD is a slow liver disease that takes decades to 
progress from steatosis, steatohepatitis, fibrosis and 
finally manifesting clinically as cirrhosis. The ultimate 
test of a drug for success for NAFLD is “clinical benefit” 
by demonstrating significant reduction in life threatening 
decompensated cirrhosis complications including liver 
failure, variceal hemorrhage, encephalopathy, liver cancer, 
or death. However, to encourage drug development, 
regulatory authorities (e.g. FDA in the USA) have allowed 
the use of surrogate endpoints such as biopsy proven 
reduction in fibrosis score or resolution of NASH for initial 
approval for clinical use and contingent upon successful 
clinical benefit. No drug or drug combinations are 
anywhere near showing clinical benefit. The recent clinical 
trial failures have set the clock backwards in the search for 
a remedy for this disease that is of public health concern 
worldwide.

It is well known that most patients with NAFLD die 
of cardiovascular disease [10,11]. It is noteworthy that 
NAFLD and atherosclerosis are often found in the same 
patient. This is not surprising as these two diseases are 
characterized by fat deposition, lipotoxicity, inflammation 
and fibrosis. Thus, drugs for NAFLD/NASH should not 
increase ASCVD risk by increasing LDL-cholesterol 
(FXR agonists) or triglycerides (e.g. ACC Inhibitors). The 
optimal drug would be one that hits the front end of the 
disease (steatosis) and inflammation (NASH) and the rear 
end of fibrosis and mitigates ASCVD risk. Such a drug or 
a combination of drugs would be expected to decrease 
cirrhosis directly and indirectly as well as atherosclerosis.

In the emerging evidence presented and discussed in this 
communication, niacin presents a new opportunity for the 
development of a drug that hits both dyslipidemia, ASCVD 
and potentially NAFLD by mitigating all 3 major stages of 
NAFLD (steatosis, inflammation, and fibrosis). Because of 
its unique mechanisms of action (discussed below), niacin 
offers an excellent opportunity for an attractive, cost-
saving and clinically available drug for combination with 
other drugs in development for incremental efficacy.

Niacin for NASH/NAFLD: Current Evidence

In-vivo pre-clinical evidence

To address the potential use of niacin for NAFLD, studies 
conducted in our laboratory utilized well established 
high-fat (western diet) diet fed rat model of NAFLD. We 

showed that the addition of niacin in the diet significantly 
reduced liver fat content and prevented hepatic steatosis 
[12]. Additional studies indicated that niacin treatment 
to rats with preexisting steatosis induced by high-
fat diet significantly regressed hepatic steatosis [12]. 
Furthermore, results from these studies also showed that 
niacin treatment significantly inhibited hepatic mRNA 
expression and activity of DGAT2 without affecting 
fatty acid synthesis and oxidation enzymes [12]. These 
data suggest that niacin’s action on inhibiting DGAT2, a 
terminal and committed enzyme for triglyceride synthesis, 
may be one of the major mechanisms of action of niacin to 
reduce hepatic steatosis in rats fed high fat diet.

Using GPR109A (niacin receptor)-knock out mice fed 
high-fat diet, recently Ye and colleagues have shown that 
niacin through activation of GPR109A ameliorated hepatic 
steatosis, potentially via PKC-ERK1/2-AMPK-mediated 
signaling pathways [13]. It is unclear whether this can 
apply to human disease as there is lack of GPR109A 
expression in the liver [24].

In addition to the effect of niacin on reducing NAFLD, 
studies from Li and associates have shown that niacin 
also attenuated chronic alcohol-induced fatty liver in rats 
[14], thus potentially extending the use of niacin in this 
disorder.

The potential use of niacin as an anti-fibrotic agent has 
been tested in chronic thioacetamide-induced liver fibrosis 
in rats. In this study, Arauz and colleagues have shown 
that niacin markedly prevented liver fibrosis induced 
by chronic administration of thioacetamide in rats [15]. 
Regression of fibrosis was not reported. Evidence indicated 
that the mechanism was reduction of oxidative stress. 
Notably, there is no published study on niacin’s effect on 
fibrosis regression. This is important, as such drugs will 
be expected to be especially useful for decreasing the 
hepatic fibrosis/collagen load thus alleviating cirrhosis 
and reduction of portal hypertension, underlying cause of 
acute fatal complications including variceal hemorrhage.

In-vitro pre-clinical evidence

To extend in-vivo studies and to understand potential 
mechanisms of action, we utilized human primary 
hepatocytes, human hepatoblastoma cell line (HepG2 cells) 
and human hepatic stellate cells. Data from these studies 
showed that pharmacologically relevant concentrations 
of niacin significantly reduced fat accumulation induced 
by palmitic acid [16]. This inhibitory action of niacin 
on hepatocyte fat accumulation was associated with 
inhibition of diacylglycerol acyltransferase 2 (DGAT2), a 
key committed enzyme in triglyceride synthesis [16].
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Since oxidative stress with increased reactive oxygen 
species (ROS) and lipid peroxidation products play a 
crucial role in hepatic inflammation and progression to 
NASH, we further investigated the effect of niacin on ROS 
production in human hepatocytes and stellate cells. We 
have shown that niacin significantly attenuated hepatocyte 
ROS production [16]. Furthermore, data indicated that 
niacin inhibited the activity of NADPH oxidase, a key 
enzyme involved in ROS production and oxidative stress 
[16]. Additional studies showed that niacin significantly 
decreased IL-8, one of the major pro-inflammatory 
mediators implicated in hepatic inflammation [16]. Using 
human neutrophils, data from our previous studies showed 
that niacin significantly inhibited myeloperoxidase (MPO), 
a major inflammatory mediator associated with NASH and 
hepatic inflammation [17].

In preliminary studies, recently we have shown that 
treating human primary stellate cells from normal subjects 
with pharmacologically relevant concentrations of niacin 
prevented stellate cell fibrosis (collagen type 1 and Sirus 
Red staining) induced by TGF-β or oxidative stress 
mediator hydrogen peroxide (H2O2), major physiological 
stimulators of liver fibrosis [18].

Clinical trial evidence

In support of the above discussed pre-clinical evidence, 
in a small uncontrolled clinical trial Hu and associated 
showed that treatment of dyslipidemia in 39 patients with 
Niacin Extended-Release (trade name Niaspan) for 23 
weeks significantly reduced liver fat content (47%) and 
visceral fat (16%). Importantly, significant decreases from 
baseline in liver enzymes ALT, GGT, alkaline phosphatase, 
and inflammatory marker high sensitivity C Reactive 
Protein (CRP) were also observed [19]. It was also shown 
that the DGAT2 variant alleles were associated with a 
smaller reduction in liver fat content in response to niacin 
after adjustment for other covariates.

Mechanism of Action on Steatosis, 
Inflammation, and Fibrosis

Available evidence generated in our laboratory and others 
suggest two major mechanisms of action by which niacin 
affects NAFLD and its complications including steatosis, 
hepatic inflammation, and fibrosis.

Role of niacin in hepatic triglyceride synthesis 
and steatosis

In liver, fatty acid synthesis and/or its availability for 
triglyceride synthesis and subsequent development of 
hepatic steatosis are mainly regulated by 3 mechanisms: 
(a), formation of long chain fatty acids from acetate via de 

novo lipid synthesis (DNL) and (b), fatty acid mobilization 
from adipose tissue and (c), fatty acid generation via 
chylomicron lipolysis after a fatty meal and VLDL lipolysis 
in the fasting state. Fatty acids are then converted to 
diglycerides through esterification of fatty acids. DGAT2, 
a terminal and committed enzyme, converts diglycerides 
to TG. Excessive hepatic fatty acid formation (hallmark of 
steatosis) through any of the above pathways may result in 
TG deposited in liver and development of steatosis.

Studies from our laboratory showed that niacin inhibits 
DGAT2 isolated from microsomes from human HepG2 
cells [20]. Additionally, Niacin also inhibits DGAT2 
mRNA in human hepatocytes stimulated by free fatty acids 
[16] and liver tissue taken from rats fed a high fat diet in a 
model of NAFLD [12]. Furthermore, in a pilot clinical trial 
in patients with dyslipidemia DGAT2 variant alleles were 
associated with a smaller reduction in liver fat content in 
response to niacin after adjustment for other covariates 
[19]. The evidence strongly suggests that niacin-mediated 
inhibition of DGAT2 appears to be a major mechanism 
of action to beneficially affect liver triglyceride synthesis 
and steatosis. Additional/alternate mechanisms are also 
possible. Recent reports indicate that niacin, via increased 
levels of NAD+ increases sirtuin 1 which is known to 
destabilize SREBPs thereby decreasing lipid synthesis in 
liver [21]. 

In older literature, niacin was shown to inhibit adipose 
tissue fatty acid mobilization [22] which later appeared to 
be mediated through GPR109A receptor (HCA2). Using 
GPR109A-knock out mice fed high-fat diet, recent work 
indicated that niacin through activation of GPR109A 
ameliorated hepatic steatosis [13]. Although such 
mechanism may have some effects on liver triglyceride 
accumulation, GPR109A agonists developed to act on this 
receptor do reduce fatty acid mobilization like niacin in 
humans but do not affect plasma TG or other lipids [23]. 
This indicates that this mechanism of action of niacin may 
not be important in explaining its anti-steatosis effect. 
Also, GPR 109A is not expressed in human liver tissue 
[24].

Importantly, by inhibiting TG synthesis from all 3 fatty 
acid sources, niacin differentiates from other drugs that 
attempt to decrease steatosis by de novo Lipid Synthesis. 
Drugs inhibiting fatty acid synthesis (e.g. Acetyl Co-A 
Carboxylase [ACC inhibitors]) will decrease de novo 
fatty acid synthesis, but TG synthesis is not inhibited 
because fatty acids from adipose tissue mobilization and 
chylomicron or VLDL lipolysis remain available. Recently 
reported clinical data on an ACC inhibitor showed no 
change or even an increase in plasma TG levels (and 
ASCVD risk) in patients treated with an ACC inhibitor [25]. 
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Role of niacin in oxidative stress and its impact 
on hepatic inflammation and fibrosis

Oxidative stress mediators including reactive oxygen 
species (ROS) and lipid peroxidation products have been 
implicated in the progression of NAFLD and its progressive 
form NASH with hepatic inflammation, fibrosis, and 
cirrhosis [26,27]. Lipid peroxidation products can activate 
transcription factors NF-κB and AP-1 in patients with 
NAFLD [28], key transcription factors that regulate the 
expression of several proinflammatory cytokines and 
hepatic inflammation. Emerging evidence indicates that 
ROS play an important role in liver stellate cell activation 
and progression to fibrosis [29,30]. Specifically, ROS 
stimulates the production of stellate cell collagen type 1 
resulting in liver fibrosis through mediating intracellular 
signaling of the fibrogenic actions of TGF-β [29,30].

In series of studies, we have shown that niacin markedly 
reduces oxidative stress in several cellular types 
including human hepatocytes, liver stellate cells, aortic 
endothelial cells, and neutrophils, [16-18,31]. Our data 
suggest that niacin through increasing cellular redox 
state (with increased NADPH and GSH levels) reduces 
cellular oxidative stress and subsequent inflammatory 
responses in various cell types. Our data suggest that 
niacin-mediated reduction in ROS may be a major 
mechanism by which niacin inhibit the activation of 
hepatic cells (e.g., hepatocytes and stellate cells) which 
in turn reduces hepatic inflammation, TGF-β expression, 
collagen type-I deposition and fibrosis. In support of our 
in-vitro observation, Arauz and colleagues have shown 
that niacin markedly reduced liver fibrosis induced by 
chronic administration of thioacetamide in rats [15]. It 
was further shown niacin, through anti-oxidant properties 
and reducing TGF-β expression, prevented hepatic fibrosis 
in this animal model [15]. Fibrosis regression was not 
reported.

Clinical Considerations in the Use of 
Niacin

Pharmacologic doses of niacin for clinical treatment of 
dyslipidemia are in the range of 1500-2000 mg daily and 
can be increased to 3000 mg in some patients. Crystalline 
niacin must be given 3-4 times a day in divided doses. A 
major adverse effect is flushing. To mitigate this flushing, 
an extended-release formulation was developed over 20 
years ago to reduce flushing and yet safe and effective as 
crystalline niacin and to be given once daily (trade name 
Niaspan, now generically called Niacin ER). It has been 
extensively researched and the only niacin formulation 
approved by the FDA (in USA) for treatment of dyslipidemia 
(including lowering LDL-Cholesterol, Triglycerides), 
and secondary prevention of myocardial infarction and 

slowing atherosclerosis progression when combined 
with bile-acid sequestering LDL-C lowering therapy 
(package insert, Niaspan). Its safety has been extensively 
documented [32]. Although hyperglycemia is seen in some 
patients, it is generally controllable or normalizes. A recent 
extensive metanalysis of randomized trials including over 
2000 patients showed no significant change in glucose or 
Hemoglobin A1c with niacin treatment [33]. Niacin ER is 
available by prescription only. It is given once at bedtime 
starting with a low dose (e.g. 500 mg) and titrated upward 
to a target of 2000 mg. With proper instructions to the 
patient, it is well tolerated. It should be noted that niacin 
is also available as other preparations over-the-counter 
(OTC), but these have not been tested for safety or efficacy 
and some preparations can be harmful [1]. Importantly, 
Niacin ER is not yet approved as an indication by the FDA 
for treatment of NAFLD because of lack of an approvable 
clinical trial data as discussed below.

Niacin offers an excellent opportunity for potential 
combination with other drugs in development. The 
reasons for this are that its unique mechanisms of action 
and its efficacy on all 3 major stages of NAFLD (steatosis, 
inflammation, and fibrosis) will yield synergistic 
incremental efficacy. Recent research shows that 
reduction of oxidative stress is a major mechanism for 
reversing steatohepatitis [12,16] and preventing fibrosis as 
shown in mice by Arauz et al. [15]. Niacin inhibits DGAT2 
[12,16,20] which reduces steatosis which is necessary 
for downstream NASH and then fibrosis. Thus, niacin’s 
efficacy on fibrosis (most important predictor of cirrhosis) 
is both direct and indirect. Currently there are more than 2 
dozen targets (enzymes, receptors) for drug development. 
In the forefront are the FXR agonists, ACC inhibitors, 
CCR2/5 inhibitor, THR-β agonists, SCD1 inhibitor, FGF 19 
and 21 inhibitors, GLP-1 agonists, DPP-4 inhibitors, and 
others [5]. Most of these drugs can be potentially used in 
combination with niacin.

Future Directions

The great advantage of niacin for a new repurposed 
treatment for NASH/NAFLD is that it has a long history 
of use in treatment of dyslipidemia and in ASCVD. 
Many of patients with atherogenic dyslipidemia have 
concurrent NAFLD. As indicated above, a safe and 
effective formulation is available. Niacin ER has been used 
in major cardiovascular trials in patients who had obesity, 
diabetes, dyslipidemia which are known risk factors for 
NASH. No liver toxicity or unexpected adverse effects 
were seen. Although this suggests that niacin ER may 
be safe in NASH patients, a clinical trial will be essential 
to confirm its safety. This would be followed by phase 2 
and 3 randomized double-blind, placebo controlled trials 
with a larger number of patients to assess its efficacy for 
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resolution of NASH and/or reduction of fibrosis by liver 
biopsy with extended follow up to determine clinical 
benefit in reduction of portal hypertension and cirrhosis 
clinical outcomes.

Because niacin offers an opportunity for combination 
therapy, the phase 2 trials using the combination would 
also require studies on drug-drug interaction followed by 
assessing the combination against each drug in separate 
arms and subsequent phase 3 trial.

Conclusion

Emerging preclinical and preliminary clinical evidence 
indicates that niacin (not as a vitamin, but as a drug), 
is a potential therapeutic agent for the treatment of 
nonalcoholic fatty liver disease and its complications of 
steatosis, steatohepatitis, and fibrosis. This is a novel 
repurposed use of a drug that is well known for its efficacy 
for over half a century, for atherogenic dyslipidemia 
and prevention of heart disease and stroke, pathologic 
conditions that occur concurrently in many NAFLD 
patients. Because of its unique mechanisms of action by 
reduction of oxidative stress and inhibition of hepatic 
diacylglycerol acyl transferase 2 (DGAT2) and increasing 
NAD+ and sirtuin 1, it is an attractive cost-saving 
potential candidate for combination with another drug in 
development for increased efficacy for NAFLD. Clinical 
trials are warranted.
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