SYMPOSIUM Overview of niacin

Overview of niacin formulations: Differences
in pharmacokinetics, efficacy, and safety

iacin, also known as nicotinic
acid, was first introduced in the
mid-1950s as an immediate-
release (IR) formulation.! Niacin sig-
nificantly increases high-density li-
poprotein cholesterol (HDL-C)
more than any other available agent
while reducing total cholesterol, low-
density lipoprotein cholesterol
(LDL-C), lipoprotein (a), and trig-
lycerides.>* Niacin has several pro-
posed mechanisms by which it alters
lipid metabolism. Niacin increases
HDL-C levels by blocking hepatic
uptake of apolipoprotein A-1 and
decreasing HDL clearance.®® By in-
hibiting the mobilization of free fatty
acid from peripheral tissues, niacin
reduces hepatic triglyceride synthesis
and secretion of very-low-density li-
poprotein cholesterol (VLDL-C) and
may also inhibit the conversion of
VLDL into LDL.287 It has been
shown that niacin therapy and the
accompanying improvements in the
lipid profile significantly reduce total
mortality and coronary events in pa-
tients with a history of documented
coronary heart disease.?®
The three formulations of niacin
that are currently available differ
with respect to dissolution rates,
which in turn influence their meta-
bolic fate. IR niacin is currently ap-
proved by FDA for the treatment of
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Abstract: The pharmacokinetics, efficacy,
and safety of niacin and its various formula-
tions are discussed.

Niacin has been used for decades for the
treatment of dyslipidemia because of its fa-
vorable effects on all lipoprotein parame-
ters. Niacin significantly increases high-
density lipoprotein cholesterol (HDL-C)
more than any other available agent and
reduces total cholesterol, low-density lipo-
protein cholesterol (LDL-C), lipoprotein (a),
and triglycerides. Niacin is currently avail-
able in immediate-release (IR), sustained-
release (SR), and extended-release (ER) for-
mulations that differ in their dissolution,
pharmacokinetic, efficacy, and safety pro-
files. Important drawbacks to niacin thera-
py such as cutaneous flushing, associated
with IR niacin, and hepatotoxicity, associat-
ed with SR niacin, have historically limited
its use. The adverse effect profiles of the
different niacin formulations can be ex-
plained by differences in their dissolution
and absorption rates and metabolic dispo-
sition, which result in production of metab-

dyslipidemia and is available by pre-
scription (Niacor, Upsher-Smith
Laboratories) as well as several over-
the-counter agents. Although it is
highly effective, its use is associated
with a relatively high incidence of ad-
verse effects, mainly prostaglandin-
mediated cutaneous facial and trun-
cal flushing characterized by warmth,
redness, and itching. The IR formu-

olites associated with the respective ad-
verse effects. The ER niacin formulation,
with an intermediate dissolution rate be-
tween the dissolution rates of IR and SR nia-
cin, demonstrates reduced rates of cutane-
ous flushing compared with IR niacin and
hepatotoxic effects compared with SR nia-
cin. Pharmacists need to be familiar with
the pharmacokinetics, efficacy, and safety
of available niacin formulations so that they
can optimally educate both patients and
health care providers on the differences
among niacin formulations, counsel on the
proper selection of a niacin product, and
provide strategies for improving tolerance
and adherence to therapy.
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lation needs to be administered two
or three times a day, which creates ad-
herence problems. In the mid-1960s
sustained-release (SR) niacin was de-
veloped with the aim of reducing the
incidence of flushing. Although SR
niacin modifies lipid parameters
while causing fewer cutaneous ad-
verse effects than IR niacin, mounting
clinical experience suggests that some
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of these formulations are associated
with an increased incidence of other
adverse effects including gastrointesti-
nal intolerance and hepatotoxicity.!0-%®
SR niacin is not FDA approved for the
treatment of dyslipidemia and is
available over the counter as a dietary
supplement. Extended-release (ER)
niacin, with a dissolution rate inter-
mediate between IR and SR niacin
formulations, has been FDA approved
for the management of dyslipidemia
and is available by prescription
(Niaspan, Kos Pharmaceuticals). ER
niacin has demonstrated lipid-altering
efficacy comparable to IR and SR nia-
cin but appears to have improved tol-
erability and safety characteristics.™

Niacin metabolism

The flushing and hepatotoxicity
associated with IR and SR niacin, re-
spectively, are directly related to the
dissolution rates of the formulations
and the metabolic characteristics of
niacin.** Niacin undergoes extensive
first-pass metabolism in the liver,
where it is processed by two pathways,
the conjugative pathway and the ami-
dation pathway (Figure 1).2 The con-
jugative pathway results in the forma-
tion of glycine conjugates of niacin,
such as nicotinuric acid (NUA), which
have been associated with vasodilation
and flushing.>*® This is a low-affinity,
high-capacity pathway that is only uti-
lized when the amidation pathway has
been saturated.

The amidation pathway results in
the formation of nicotinamide and
pyrimidine metabolites, which have
been associated with the hepatotox-
icity seen with some SR niacin for-
mulations. The amidation pathway is
high affinity and low capacity. When
this pathway is saturated, niacin can
only be metabolized by the conjuga-
tive pathway.

Because of its rapid dissolution
and absorption, IR niacin saturates
the amidation pathway causing most
of the drug to be metabolized by the
conjugative pathway, which results
in a high rate of flushing. SR niacin

releases the drug more slowly over
time causing the majority of drug to
be metabolized by the amidation
pathway, thus generating a relatively
greater amount of metabolites asso-
ciated with hepatotoxicity.®

A simulation model describing
the metabolism of niacin after ad-
ministration of equal doses (1000
mg) of the three available formula-
tions can be used to illustrate how
the dissolution rate controls the met-
abolic profile (Figure 2). The model
assumes that the amidation pathway
is saturated when niacin is released at
40 mg/hr or greater.

IR niacin is absorbed at a rate of
approximately 500 mg/hr. Therefore,

two hours after administration of
1000 mg IR niacin, the full dose
(100%) will have been released. As-
suming an absorption rate of 50 mg/
hr for SR niacin, only 100 mg (10%)
of a 1000-mg dose of SR niacin would
be released in the same time. The ami-
dation pathway will be quickly saturat-
ed in patients receiving IR niacin with
only 80 mg of the IR niacin dose me-
tabolized by the amidation pathway,
resulting in few amidation metabo-
lites. By contrast, 920 mg will be me-
tabolized by the conjugative pathway.
After 24 hours, 1000 mg (100%) of the
SR niacin dose will have dissolved, 800
mg will have been metabolized via the
amidation pathway, and 200 mg will

Figure 1. Pathways for niacin metabolism. Reprinted with permission. NUA = nicotinuric
acid, NAM = nicotinamide, 6HN = 6-hydroxynicotinamide, MNA = N-methylnicotinamide,
NNO = nicotinamide-N-oxide, NAD = nicotinamide adenine dinucleotide, 2PY and 4PY =

pyridone metabolites.
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Figure 2. Simulation of niacin metabolism using a 1000-mg dose. SR = sustained release, ER

= extended release, IR = immediate release.

SR ER IR
50 mg/hr 100 mg/hr 500 mg/hr
| | | | | |
| | | | | | %
3l el gl gl b B
2 2 S =N 51 2 _S | 8-
3| 81 Fi S T S 8! 5
a 2 O | = O | = O | %
— = c c IS = IS
£08 < & <= & < |z
g | | | | | | E
| | | | | | Q
vV v A\ v v v v _|*<
200mg 800mg 600mg 400mg 920mg 80 mg Q =3
(20%) (80%) [(60%) (40%) (92%)  (8%) o g@
R 4 -5
Associate:d with Flushing % § =3
O
Associated with S g ]
Hepatotoxicity =28

s10

Am J Health-Syst Pharm—Vol 60 Jul 1, 2003 Suppl 2



have been metabolized via the conju-
gative pathway.

The ER formulation has a dissolu-
tion rate of approximately 100 mg/
hr. A 1000-mg dose of ER niacin
would be completely absorbed after
10 hours and would be expected to
generate 400 mg of amidation me-
tabolites and 600 mg of NUA with
the simulation model. With the low-
er proportion of ER niacin metabo-
lized to amidation products as com-
pared with SR niacin (40% versus
80%), ER niacin would be expected
to have a lower hepatotoxic risk com-
pared to the SR niacin formulations.
ER niacin would also be expected to
produce a lower proportion of glycine
conjugates than IR niacin (60% ver-
sus 92%) and, therefore, a lower inci-
dence of flushing.

The general predictions of this
model are supported by results from
a small, randomized, crossover trial
comparing the pharmacokinetics of
IR and SR niacin in 10 healthy volun-
teers.’® Patients were given a single
500-mg dose of IR niacin, subse-
guently underwent a one-week
washout period, and were then ad-
ministered 500 mg of SR niacin. The
urinary excretion (milligrams per
day) of NUA and 2-pyridone, a
product of the amidation pathway,
was measured after each adminis-
tered dose. IR niacin administration
resulted in more NUA (78 £ 14 mg of
NUA) than SR niacin (19 = 4 mg), a
four-to-one ratio, which is similar to
that predicted by the simulation.*

Clinical trial comparisons of niacin
formulations

The pharmacokinetic characteris-
tics of niacin and the dissolution
rates of the various niacin products
dictate the metabolic products and
the differential adverse effect profiles
of the formulations. Clinical studies
have been conducted that clearly
demonstrate these differences.

IR versus SR niacin. A number of
small clinical studies have compared
the efficacy, safety, and tolerability of
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IR and SR niacin formulations, re-
vealing important differences in
terms of lipid modification and ad-
verse effect profiles. In a 1985 study,
71 hyperlipidemic patients were ran-
domly assigned to receive IR or SR
niacin for six months.!t All patients
received 1500 mg/day of IR or SR
niacin for one month, after which the
dose was titrated to 3000 mg/day.
Lipid values, blood chemistry, liver
enzymes, symptomatic adverse ef-
fects, and compliance with therapy
were assessed. SR niacin was associ-
ated with slightly greater decreases in
total cholesterol than IR niacin at
one month, but the mean two- to six-
month decrease was similar for both
formulations for total cholesterol,
15.1% reduction with IR versus 11.5%
reduction with SR, and LDL-C, 21%
reduction with IR and 13% reduc-
tion with SR (Figure 3, A and B).
Although no significant difference in
triglyceride reduction was seen be-
tween agents, there was a clear trend
toward a more consistent reduction
with IR niacin (Figure 3, C). IR nia-
cin led to significant increases in
mean HDL-C values (a two- to six-

month mean increase of 26% for IR
and 9% for SR, p < 0.05) (Figure 3,
D). In terms of safety, SR niacin was
associated with significant increases
in alkaline phosphatase (AP) levels
and nonsignificant increases in ala-
nine aminotransferase (ALT) levels;
there was no change in AP or ALT
levels in patients receiving IR niacin.
Flushing occurred in statistically
similar proportions of patients re-
ceiving IR and SR niacin (100% and
82%, respectively). Other adverse ef-
fects including indigestion, nausea,
diarrhea, sexual dysfunction, and fa-
tigue were significantly more fre-
guently observed with SR niacin. On
average, patients assigned to SR nia-
cin were able to tolerate a mean dose
of 2000 mg/day compared to a mean
dose of 2700 mg/day in the IR niacin
group. Similar proportions of patients
in both IR and SR niacin treatment
groups (25% and 18%, respectively)
discontinued the study because of
adverse events (flushing, pruritus,
and mucous membrane irritation
with IR niacin; flushing, nausea, and
fatigue with SR niacin).t

In a 1994 study, 46 patients were

Figure 3. Effects of IR niacin and SR niacin on lipids and lipoproteins in 71 dyslipidemia
patients.”” HDL-C = high-density lipoprotein cholesterol, IR = immediate release, LDL-C =
low-density lipoprotein cholesterol, SR = sustained release. #p < 0.05.
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randomly assigned to receive IR or
SR niacin for a period of 30 weeks.%?
Doses of each were escalated every
six weeks, after an initial six-week
run-in period, beginning with 250
mg/day for one week, which was in-
creased to 500 mg/day for the next
five weeks. Doses of each formula-
tion were increased to 1000, 1500,
2000, and finally 3000 mg/day for six
weeks each. Lipid profiles, blood
chemistries, symptomatic adverse ef-
fects, adherence to therapy, and liver
enzymes were assessed at the end of
each study period. Both IR and SR
niacin formulations produced dose-
dependent reductions in LDL-C; SR
niacin was significantly more effective
than IR niacin in reducing LDL-C lev-
els at doses of =1500 mg/day. Dose-
related reductions in triglycerides
were also seen for both products. At
the 1000-mg/day dose, IR niacin pro-
duced a 29% reduction in triglycer-
ides compared with 7% with SR nia-
cin (p = 0.009). At daily doses of
>1500 mg, reductions in triglyceride
levels were not significantly different
between IR and SR niacin. IR niacin
led to significantly greater increases
in HDL-C than SR niacin at all doses.
By the end of the study, 3000 mg of
IR and SR niacin resulted in a 22%
and 50% reduction in LDL-C, a 42%
and 41% reduction in triglycerides,
and a 35% and 9% increase in HDL-C,
respectively.®

Levels of ALT and aspartate ami-
notransferase (AST) were not signifi-
cantly increased in patients receiving
IR niacin at any dose. In contrast,
both enzymes increased approxi-
mately four times above baseline in
patients receiving SR niacin; increas-
es were significant at 1500 mg/day
and higher.’® As expected, flushing
was more common in patients treat-
ed with IR niacin, occurring in up to
53% of patients compared with 22%
in the SR niacin group. However, de-
creases in the incidence of flushing
with IR niacin were observed even as
the dose was titrated up; by study end
only 29% of patients continued to

report flushing episodes. Gas-
trointestinal disturbances occurred
in up to 56% of patients receiving SR
niacin compared with 39% of pa-
tients treated with IR niacin. A sig-
nificantly larger proportion of pa-
tients in the SR niacin group (78%)
were withdrawn due to adverse
events than in the IR niacin group
(39%:; p < 0.04). The most common
reasons for withdrawal were flush-
ing, itching, and rash in the IR niacin
group and elevated aminotransferase
levels in the SR niacin group. Specifi-
cally, 12 of the 18 SR niacin-treated
patients who withdrew had liver en-
zyme levels more than three times
the upper limit of normal without
achieving the target dose of 3000 mg/
day and 5 of the 12 patients had
symptoms of hepatic dysfunction.X®

IR versus ER niacin. The efficacy
and safety of ER niacin have also
been compared with IR niacin. Re-
sults of a double-blind trial of 223
dyslipidemic patients who were ran-
domly assigned to receive IR niacin,
ER niacin, or placebo for 16 weeks
have been published.* During weeks
1 through 4, all patients had niacin
doses titrated gradually. IR niacin
was taken in three equally divided
doses; the dose was titrated up to
3000 mg/day after 8 weeks and re-
mained constant during weeks 9
through 16. ER niacin was taken
once daily at bedtime; the dose was
held constant at 1500 mg/day for
weeks 5 through 16 of the study. The
lipid-modifying effects of 1500 mg/day
for IR and ER niacin were found to be
similar. Triglyceride levels were de-
creased 16% and 18% from baseline in
the ER and IR (1500 mg/day) group,
respectively. Similar reductions in to-
tal cholesterol and LDL-C levels were
also seen (8% and 12%, respectively,
for both), as were increases in HDL-C
(20% and 17%, respectively). An ap-
proximate doubling of these effects
was seen with IR niacin 3000 mg/day,
which was significantly greater than
the effects seen with IR or ER formula-
tions at 1500 mg/day.
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ER and IR niacin had similar ef-
fects on both ALT and AST levels
(Figure 4).** With 1500 mg/day, nei-
ther formulation was found to con-
sistently increase mean levels of AST
and ALT above baseline values. At
the 3000-mg/day dose of IR niacin,
significant elevations in AST, but not
ALT, levels were observed. During
weeks 1 and 2, significantly more pa-
tients flushed with IR niacin (54 pa-
tients) versus ER niacin (26 patients)
(p <0.001). Thereafter, differences did
not reach statistical significance. The
percent of patients reporting flushing
decreased over the course of the study
in both groups, and by the final visit,
33% and 44% of ER niacin- and IR
niacin-treated patients, respectively,
continued to report flushing. The to-
tal number of flushing episodes was
significantly higher in patients treat-
ed with IR versus ER niacin (1095
versus 576; p < 0.001) (Figure 5).*
Flushing tended to be intensified in
patients taking ER niacin; however,
this was not accompanied by an in-
crease in discontinuation. Gas-
trointestinal disturbances, pruritus,
and rash were not significantly dif-
ferent in either treatment group
compared with placebo. Moreover,
similar proportions of patients in the
ER and IR niacin groups withdrew
prematurely from the study because
of adverse reactions considered relat-
ed to the study drug (n =8 and n =
12, respectively).*

A summary of the clinical trial
data suggests that IR, ER, and SR nia-
cin result in significant reductions in
LDL-C and increases in HDL-C. SR
niacin shows slightly greater LDL-C-
lowering efficacy than IR niacin and
appears to be less effective for raising
HDL-C levels than IR niacin.’** The
pattern of adverse events suggests that
SR niacin is associated with a signifi-
cantly higher rate of aminotransferase
elevations and gastrointestinal adverse
effects compared with IR niacin. The
lipid-modifying efficacy of ER niacin
appears to be largely equivalent to IR
niacin with a significantly lower inci-
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Figure 4. Serum AST and ALT levels in 223 dyslipidemic patients treated with IR and ER
niacin."2p < 0.001 versus ER niacin. PIR niacin given at 3000 mg/day. AST = aspartate
aminotransferase, ALT = alanine transaminase, ER = extended release, IR = immediate re-

lease, IU/L = international units per liter.
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Figure 5. Total number of flushing episodes at each visit in dyslipidemic patients treated
with IR and ER niacin over 16 weeks." ER = extended release, IR = immediate release.
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dence of flushing.** The ER formula-
tion, then, appears to have fulfilled its
promise as a niacin delivery strategy
with equivalent efficacy and signifi-
cantly fewer adverse effects compared
to older IR and SR formulations, and
with the added convenience of a
once-a-day formulation.

Implications for the pharmacist

Several national organizations
have released statements regarding
the use of niacin.'®* The American
Society of Health-System Pharma-

cists (ASHP) has released a position
statement asking pharmacists to ac-
tively monitor patient selection of ni-
acin products because of the various
potentials for toxicity and states that
pharmacists should discourage pa-
tients from self-treating with nia-
cin.t” Concerns have also been raised
regarding the marketing of older,
conventional agents as “nutritional
supplements” rather than as pre-
scription drugs. Such supplements
are promoted as lipid-modifying
agents, even though they are not

FDA approved for this use and are
sold in strengths far exceeding the
recommended daily allowance for
niacin.* ASHP also stresses the im-
portance of treating serious condi-
tions such as dyslipidemia under the
direct supervision of a health care
provider to monitor the efficacy and
safety of the treatment. Furthermore,
the guidelines state that pharmacists
should not recommend SR niacin for
the treatment of dyslipidemia.t’

A position statement on the treat-
ment of dyslipidemia from the Cen-
ter for Drug Evaluation and Research
(CDER) of FDA holds that drug
treatments for dyslipidemia should
not be sold over the counter in the
United States.!® Because treatment
for lipid disorders requires accurate
diagnosis and careful practitioner-
directed medical management,
CDER maintains that this can be en-
sured through prescription require-
ments and that over-the-counter
medications should be reserved for
symptomatic, easily recognizable
conditions that are usually of short
duration.®®

The pharmacist should, therefore,
be familiar with the available niacin
formulations, and the benefits and
adverse effects associated with each
one. Pharmacists are in the unique
position to educate individuals with
dyslipidemia who are considering the
use of niacin. When counseling pa-
tients, emphasis should be placed on
maximizing the benefits of niacin
under the supervision of a health
professional and complying with
therapy. Pharmacists can provide
important advice and cautions con-
cerning the safe use of niacin and
monitor lipid and safety outcomes of
niacin therapy. The strategies for
minimizing flushing and increasing
compliance that should be discussed
whenever niacin is used include (1)
take niacin with food (low-fat
snack), (2) take 325 mg of aspirin
approximately 45 to 60 minutes be-
fore the first dose of niacin,” and (3)
avoid alcohol, hot showers, spicy
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foods, and hot beverages soon after
dosing. 3%

Pharmacists can also be a source
of important guidance on recogniz-
ing the signs of more serious reac-
tions such as hepatotoxicity (fatigue,
jaundice, nausea, vomiting, and dark
urine). For patients taking IR niacin
who are experiencing intolerable
flushing, pharmacists should not
suggest over-the-counter SR niacin.
If a switch to ER niacin is indicated,
the pharmacist should ensure that
the proper starting dose and titration
schedule for the new agent is used.*

Conclusion

Niacin is a proven therapeutic op-
tion for the treatment of dyslip-
idemia. It is the only available agent
that favorably affects all components
of the lipid profile. Evidence suggests
that ER niacin has efficacy compara-
ble to that of IR niacin, with a signifi-
cantly lower incidence of flushing
and without the increased risk of ele-
vated hepatic transferases associated
with some of the SR niacin formula-
tions. Efficacy and safety of niacin
therapy, regardless of formulation
used, are most likely maximized
when carried out under the supervi-
sion of a health professional. Phar-
macists can play an important role in
the safe and effective use of niacin
therapy by educating patients and

health care providers about the differ-
ences among available formulations,
advising on strategies for minimizing
adverse effects like flushing, recogniz-
ing symptoms of hepatotoxicity, and
monitoring cholesterol values.
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