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Abstract 
Niacin is an important therapeutic option for the treatment of dyslipidemias and is the 
only agent currently available that favorably affects all components of the lipid profile to 
a significant degree.  
 
Niacin has consistently been shown to significantly reduce levels of total cholesterol, 
low-density lipoprotein (LDL) cholesterol, triglycerides, and lipoprotein (a), while having 
the greatest high-density lipoprotein (HDL) cholesterol–raising effects of all available 
agents. Niacin has also been shown to significantly reduce coronary events and total 
mortality. Niacin is available in 3 formulations: immediate-release (IR), sustained-
release (SR), and a newer formulation, niacin extended-release (ER), all of which differ 
in their pharmacokinetic, efficacy, and safety profiles. Conventional niacin therapy has 
notable limitations that include flushing, most often seen with IR formulations, and 
hepatotoxicity, associated with SR formulations.  
 
These side effects are related to the absorption rate and subsequent metabolism of 
niacin as delivered from the different products. Niacin ER has a delivery system 
allowing absorption rates intermediate to that of niacin IR and SR. As a result, niacin ER 
achieves the efficacy of niacin IR with a reduced incidence of flushing and without the 
hepatic effects seen with niacin SR. The pharmacist should be familiar with the 
differences among and the advantages and disadvantages of each formulation to 
educate patients and help them achieve the optimal therapeutic benefit of niacin while 
minimizing adverse  effects. 
(Am J Manag Care 2002;8:S308-S314) 

Niacin, also known as nicotinic acid, was introduced in the mid 1950s as the first 
effective lipid-modifying agent. By inhibiting the mobilization of free fatty acids from 
peripheral tissues, niacin reduces hepatic synthesis of triglycerides (TG) and the 
secretion of very low–density lipoprotein (VLDL); niacin may also inhibit the conversion 
of VLDL into low-density lipoprotein (LDL). 
 
Niacin increases high-density lipoprotein (HDL) cholesterol by blocking hepatic uptake 
of apolipoprotein A-1, decreasing clearance, and increasing the amount of HDL 
cholesterol available for reverse cholesterol transport.1,2 Niacin is unique in that it has 
favorable effects on the complete lipoprotein profile. It has been shown to significantly 
reduce levels of total cholesterol (TC), LDL cholesterol, and TG.  
 
 
 
 
 
 
 



 
 
 
Furthermore, niacin is the only available agent that significantly lowers lipoprotein (a) 
and has the greatest HDL cholesterol-raising effects of all available agents.3 In addition, 
niacin was the first lipid-altering agent shown to significantly reduce coronary death and 
nonfatal myocardial infarction, as well as total mortality, in patients with documented 
coronary heart disease in the Coronary Drug Project (CDP), a large, prospective trial.4,5  
 
Despite the efficacy of niacin in improving lipid profiles and its demonstrated role in 
secondary prevention, several factors have limited its widespread use. The primary 
limitation of immediate-release (IR) (or plain) niacin is prostaglandin-mediated facial and 
truncal flushing, which is experienced by most patients during the initial days of 
treatment.6 Although symptoms diminish over time, many patients stop therapy before 
tolerance develops.7 Other unwanted effects include itching, mucous membrane 
irritation, and diarrhea. 
 
Another limitation of niacin IR is the multiple-dosing requirement (ie, 2 or 3 times a 
day).7 Niacin IR has been approved by the US Food and Drug Administration (FDA) for 
the treatment of dyslipidemias and is available over the counter. 
 
In an attempt to reduce flushing, sustained-release (SR) niacin formulations were 
developed in the 1960s. The clinical use of some of these products, however, has 
suggested an increased incidence of hepatotoxicity and gastrointestinal intolerance. 8 
The studies reviewed in this article demonstrate that although niacin SR reduces 
flushing and itching, it has inconsistent effects on lipoprotein parameters and is 
associated with an increased risk for various side effects. Sustained-release 
formulations, which are not FDA approved for the treatment of dyslipidemia, are usually 
sold over the counter as health food supplements. 
 
Niacin extended-release (ER), a recently introduced intermediate-release niacin 
formulation, has a unique delivery system that allows drug absorption over 8 to 12 
hours. This formulation was developed in an attempt to achieve the lipid-lowering 
efficacy of niacin IR with a reduced incidence of flushing and to  minimize the 
hepatotoxicity seen with longer-acting formulations. 
 
Niacin ER is FDA approved for the treatment of dyslipidemia and is available by 
prescription only.9 
 
 
 
 
 
 
 
 



 
 
 
Pharmacokinetics of Niacin 
An understanding of the differences in side effect profiles of niacin IR, SR, and ER 
requires a review of the pharmacokinetics of niacin. Niacin undergoes extensive, 
saturable, first-pass metabolism in the liver, where it is metabolized by 2 hepatic 
pathways (Figure 1).  

 
In one pathway, niacin is conjugated with glycine to form nicotinuric acid. This 
conjugative pathway is a low-affinity, high-capacity pathway that generates metabolites 
that are associated with flushing. The second pathway involves several general 
oxidation-reduction metabolic reactions that produce nicotinamide and a series of 
related products, such as nicotinamide adenine dinucleotide, and ultimately several 
pyrimidine metabolites.  
 
This amidation, or nonconjugative, pathway is a high-affinity, low-capacity pathway with 
metabolites that are associated with hepatotoxicity.9 Thus, the absorption rates of the 
different formulations dictate the extent of metabolism by each pathway, the type of 
metabolites generated, and the side effect profile. Niacin IR is usually completely 
absorbed within 1 to 2 hours; niacin SR absorption rates vary from product to product 
and even batch to batch, but generally exceed 12 hours.9 Niacin ER has an absorption 
rate of 8 to 12 hours.6 
 



Niacin IR quickly saturates the amidation pathway, resulting in most of the drug being 
metabolized by the conjugative pathway and thereby causing a high incidence of 
flushing. Conversely, niacin SR is metabolized to a greater extent by the amidation 
pathway, saturating it more slowly. 
 
As a result, niacin SR has a lower incidence of flushing, but a higher incidence of 
hepatotoxicity.9 Niacin ER, with its intermediate dissolution rate, better balances 
metabolism along the 2 pathways, resulting 
in a lower rate of flushing and hepatic effects compared with niacin IR and niacin SR, 
respectively. 
 
The differences in metabolism and related side effects can be most clearly understood 
in a simulation model of drug metabolism after administration of either niacin IR or 
niacin SR. Niacin IR is absorbed at a rate of approximately 500 mg/hour, and, therefore, 
a 1-g dose of niacin IR would be completely absorbed and metabolized within 2 hours.  
 
In contrast, niacin SR is released at an approximate rate of 50 mg/hour. Therefore, 
absorption of a 1-g dose of niacin SR would take >20 hours. The rate of metabolism of 
the amidation pathway (low capacity, high affinity) is fixed at approximately 40 mg/hour,  
and once this pathway is saturated, the remaining niacin must be metabolized by the 
higher-capacity, lower-affinity conjugative pathway.  
 
For example, at 2 hours, niacin IR will generate approximately 80 mg of amidation 
metabolites and 920 mg of nicotinuric acid, the glycine conjugate of niacin. In contrast, 
niacin SR in the same time would form approximately 80 mg of amidation metabolites 
and 20 mg of the glycine conjugate. 
 
This simulation indicates that with the use of niacin IR, large amounts of nicotinuric acid 
(920 mg) are produced and excreted in the urine, and, as such, niacin IR is likely to 
produce flushing. However, 12 hours after niacin SR administration, approximately 480 
mg of amidation metabolites, but only 120 mg of nicotinuric acid, are generated. 
Following the simulation to 24 hours, approximately 800 mg of amidation metabolites 
are generated with niacin SR, along with approximately 200 mg of nicotinuric acid.  
 
These amounts are in stark contrast to the 80 mg of amidation metabolites and 920 mg 
of nicotinuric acid, (~92% of the original niacin dose) generated with niacin IR over the 
same time period. Thus, approximately 10 times more amidation metabolites are 
excreted when niacin SR is administered, while 4.6 times more nicotinuric acid is 
excreted with niacin IR versus SR administration. Therefore, the side effects observed 
with niacin are determined by the absorption rate of niacin from different formulations: 
flushing with niacin IR and hepatotoxicity with niacin SR. 
 
Niacin ER has an absorption rate that falls between the values for niacin IR and SR. 
Theoretically, this intermediate profile should lead to the production of less nicotinuric 
acid than niacin IR, and therefore to a lower incidence of flushing, and fewer amidation 
metabolites than niacin SR, thus minimizing the risk of hepatotoxicity. 
 



 
 
Using the simulation model described above, if 1 g of niacin ER is added to the 
simulation at an absorption rate of approximately 100 mg/hour, niacin ER would 
generate 400 mg of amidation metabolites compared with 800 mg with niacin SR, and 
600 mg of nicotinuric acid compared to 920 mg with niacin IR. Furthermore, the 
delivery system of niacin ER makes it suitable for once-daily dosing at bedtime, 
which also helps to minimize the flushing side effects by allowing any flushing to 
occur while the patient is asleep.6 This simulation is supported by limited 
experimental data. In a 1992 crossover study, 10 healthy volunteers received a 
0.5-g dose of niacin IR and then, after a washout period, a 0.5-g dose of niacin SR. 
 
The urinary metabolites of niacin were measured and expressed as the mean (± 
SD) amounts excreted in mg/24 hours.  After niacin IR administration, 78 ± 14 mg 
of nicotinuric acid and 171 ± 12 mg of 2-pyridone, a major amidation metabolite, 
were excreted. However, when niacin SR was administered, 19 ± 4 mg of nicotinuric 
acid and 130 ± 11 mg of 2-pyridone were excreted.10 The amount of nicotinuric acid 
excreted was 4.1 times more in patients receiving niacin IR than niacin SR, whereas 
the ratio of the amounts of 2-pyridone in the IR group compared with the SR group was 
1.3. 
 
Clinical Studies Comparing Niacin Formulations 
Although the absorption profiles and resultant metabolism of niacin from differing 
formulations help explain the differences in side effect profiles, clinical studies that have 
compared these products clarify the actual and relative incidence of adverse effects as 
well as the relative efficacy of niacin formulations.  
 
The first published comparative trial enrolled 71 hypercholesterolemic patients who 
were randomized to either niacin IR or niacin SR.1 During the first month, each 
formulation was administered at a dose of 1.5 g/day, which was then increased to 3 
g/day and maintained for 6 months. Total cholesterol, LDL cholesterol, TG, and HDL 
cholesterol were recorded and compared among treatment groups, as were aspartate 
transaminase (AST) and alkaline phosphatase levels, symptomatic side effects, and 
adherence to therapy. Mean (± SD) LDL cholesterol levels were 208 ± 51 mg/dL in the 
IR group and 201 ± 45 mg/dL in the SR group at baseline. Over 2 to 6 months, mean 
LDL cholesterol was reduced by 21.1% and 12.8% in the IR and SR groups, 
respectively; this difference was only significant between groups at month 6 (P<.05). 
Mean baseline HDL cholesterol levels were approximately 49 mg/dL in both groups.  
 
Niacin IR increased mean HDL cholesterol levels to a significantly greater extent at 2, 3, 
and 4 months (to 62, 64, and 64 mg/dL, respectively) compared with values in the SR 
group (P<.05).  
 
 
 
 



 
 
Concentrations of TG, which averaged approximately 167 mg/dL in the IR group and 
180 mg/dL in the SR group at baseline, were reduced by an average of 27% in the IR 
group versus 8% in the SR group (P<.05). Alkaline phosphatase levels increased 
significantly from baseline (P<.05) and there was a trend toward increasing levels of 
AST in the SR group, but not in the IR group.1 Flushing was reported in 100% of 
patients in the IR group, but also in a surprisingly high 82% of the SR group. Indigestion 
(12% vs 0%), nausea (38% vs 8%), vomiting (18% vs 0%), diarrhea (45% vs 22%), 
male sexual dysfunction (22% vs 3%), and fatigue (24% vs 3%) were all more common 
in the SR versus the IR niacin group (P<.05).  
 
Additionally, over months 2 to 6, a higher dose of niacin IR was tolerated (~2.7 g), 
compared with niacin SR (~2.0 g).1 These data confirm that flushing is more common 
with niacin IR than niacin SR, and that, even with lower daily doses, niacin SR 
compared with niacin IR shows a trend towards increased liver enzyme levels. 

 
 
 
 
 
 
 
 



 
The relative safety and efficacy of niacin products was also compared in an important 
study published in 1994 by McKenney and colleagues.8 In this study, 46 dyslipidemic 
patients were randomized to either niacin IR (Rugby Laboratories) or SR (Goldline 
Laboratories) for 30 weeks. Escalating doses of 0.5, 1, 1.5, 2, and 3 g/day were 
sequentially administered in 6-week intervals.  
 
Patients were advised to take an adult aspirin tablet 30 minutes before the morning 
niacin dose and to take each dose with food to minimize adverse effects. Outcome 
measures included lipid values, liver enzyme levels, symptomatic side effects, and 
withdrawal rates as a measure of adherence to therapy. 
 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Niacin IR was associated with significantly greater increases in HDL cholesterol levels 
than niacin SR at all doses (P_.02) (Figure 2A). Niacin IR (1 g/day) caused significantly 
greater reductions in TG than niacin SR (P = .009) with a nonsignificant trend at doses 
_1.5 g/day (Figure 2B). In contrast, niacin SR reduced LDL cholesterol levels 
significantly more at _1.5 g/day compared with niacin IR (P_.04) (Figure 2C).  

 
 
At 1 g/day of niacin IR, the HDL cholesterol levels of all 23 patients were increased, 
while with the same dose of niacin SR, levels were increased in only 15 of the 23 
patients. As expected, the IR group reported a higher incidence of flushing, ranging 
from 29% to 53% compared with 13% to 22% in the SR group, and the incidence of 
gastrointestinal (GI) intolerance and fatigue was higher in the SR group than in the IR 
group (56% vs 14% and 33% vs 14%, respectively, at the 3 g/day dosage).  
 
Perhaps most important, mean levels of AST and alanine aminotransferase (ALT) were 
significantly elevated over baseline levels (P<.05) in patients receiving _1.5 g/day of 
niacin SR, while no significant increases were observed in the IR group. Of the 23 
patients receiving the SR formulation, 18 (78%) were withdrawn from the study, as 
compared with 9 of 23 (39%) patients in the IR group.  
 
 



 
 
Of the patients withdrawn from the SR group, 12 (67%) had liver aminotransferase 
elevations >3 times the upper limit of normal, of which 5 also had symptoms of hepatic 
dysfunction (ie, fatigue, nausea, and anorexia).8 
 
The efficacy and safety of niacin ER has been compared with that of niacin IR (research 
formulation) in a double-blind trial enrolling 223 dyslipidemic patients randomized to 
niacin ER (n = 76), niacin IR (n = 74), or placebo (n = 73) for 25 weeks.7 The niacin 
dose was titrated over 4 weeks to 1.5 g/day of niacin IR (500 mg tid) and 1.5 g/day at 
bedtime of niacin ER. 
 
After week 8 of the study, the dose of niacin IR was increased to 3.0 g/day (1 g tid). 
Lipid values, liver enzyme levels, symptomatic side effects, and adherence to therapy 
were recorded. At a daily dose of 1.5 g/day, niacin IR and niacin ER produced similar 
reductions in TG, TC, and LDL cholesterol and similar increases in HDL cholesterol 
(Figure 3).7  

 
As compared with both niacin ER (1.5 g/day) and niacin IR (1.5 g/day), niacin IR at 3 
g/day produced significantly greater reductions in levels of TG (16%, 18%, and 29%, 
respectively), TC (8%, 8%, and 15%, respectively), and LDL cholesterol (12%, 12%, 
22%, respectively).  
 
 



 
 
High-density lipoprotein cholesterol levels were similarly elevated by all 3 niacin 
formulations (20%, 17%, and 24%, respectively). Liver enzyme levels were not 
significantly elevated, either clinically or statistically, over the course of the trial in either 
treatment group. The number of patients reporting flushing events during the titration 
phase in weeks 1 and 2 was greater in the niacin IR group than in the niacin 
ER group (54 vs 26, P<.001). 
 
Fewer patients experienced flushing as the study progressed; by week 16, only 33% of 
niacin ERand 44% of niacin IR-treated patients continued to report flushing episodes. 
The total number of flushing events was significantly higher in the niacin IR group 
compared with the niacin ER group (1905 vs 576 episodes; P<.001), and GI side effects 
were similar in both treatment groups, as was the incidence of pruritus and the percent 
of patients who withdrew from the study.7 
 
The results of these studies highlight the potential advantages and disadvantages of 
each niacin formulation. Niacin IR is associated with greater increases in HDL 
cholesterol, greater decreases in TG, and comparable lowering of LDL cholesterol 
compared with equivalent doses of niacin SR.  
 
A greater incidence of flushing is seen with niacin IR, yet niacin SR can produce 
unacceptably high levels in liver enzymes and more frequent GI side effects.1,8 Niacin 
ER has demonstrated comparable efficacy to niacin IR and is associated with a 
significantly lower incidence of flushing without the 
increased hepatic risk seen with niacin SR.7 
 
The Pharmacists’ Role 
The pharmacist is in a unique position to appropriately counsel patients when selecting 
a niacin product, especially over-the-counter formulations. To assist health practitioners, 
both the American Society of Health-System Pharmacists and the Center for Drug  
Evaluation and Research within the FDA released position statements in 1997 that 
discourage patients from taking niacin for dyslipidemia without medical supervision. The 
American Society of Health-System Pharmacists position statement is as follows: 
 

“Because a variety of nonprescription niacin products with various potentials for toxicity 
are available, pharmacists should actively monitor patient selection of niacin products 
and discourage patient self-treatment with niacin.”11 

 
The FDA recommendation is as follows: 

“Drug treatments for hypercholesteremia should not be sold over the counter in the United States 
because treatment requires both accurate diagnosis and clinical testing and careful practitioner-
directed medical management.”12 

 
 
 
 



 
 
In addition, pharmacists can recommend several strategies for minimizing the incidence 
and severity of flushing episodes. Aspirin or other nonsteroidal prostaglandin inhibitors 
can be taken approximately 30 minutes before taking niacin. Patients also should avoid 
spicy foods, hot beverages, or hot showers soon after dosing, and interruption in 
therapy should be avoided to maintain any tolerance to flushing that develops.  
 
Furthermore, niacin ER, which is taken once daily at bedtime, may be a favorable 
option, as most flushing will occur while the patient is sleeping, and the once-daily 
dosing may increase adherence.6,13,14 
 
Conclusion 
Niacin is a safe and effective therapeutic agent for the management of patients with 
dyslipidemias. Achieving the most therapeutic benefit from niacin therapy with minimal 
adverse effects is best done under the supervision of a healthcare practitioner.  
 
Pharmacists can play a particularly important role in educating patients about the 
differences in available niacin formulations. Greatest efficacy and tolerability appears to 
be optimally attained with niacin ER, which has an efficacy profile similar to niacin IR, a 
reduced incidence of flushing compared with niacin IR, and no increased risk of 
hepatotoxicity as is seen with niacin SR.  
 
In summary, niacin is the only lipid-modifying agent available that favorably affects all 
aspects of the lipid profile, and should be considered an important therapeutic option for 
patients with dyslipidemias. 
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