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Objective.\p=m-\Tocompare escalating doses of immediate-release (IR) and
sustained-release (SR) niacin for effectiveness in reducing levels of low-density lipoprotein cholesterol and triglycerides and increasing levels of high-density
lipoprotein cholesterol, and for the occurrence of adverse reactions, especially

hepatotoxicity.
Design.\p=m-\Randomized,double-blind, parallel comparison of IR and SR niacin
administered sequentially at 500, 1000, 1500, 2000, and 3000 mg/d, each for 6
weeks.

Setting.\p=m-\Cholesterolresearch center.
Patients.\p=m-\Forty-sixadults, 23 in each group, with low-density lipoprotein cholesterol levels greater than 4.14 mmol/L (160 mg/dL) after 1 month of a step 1 National Cholesterol Education Program diet.
Outcome Measures.\p=m-\Fourteen-hourfasting lipid and lipoprotein cholesterol
levels, results of clinical laboratory tests, a symptom questionnaire, and withdrawal
rates.

Results.\p=m-\TheSR niacin lowered low-density lipoprotein cholesterol levels significantly more than IR niacin did at the dosage of 1500 mg/d and above, while IR
niacin increased high-density lipoprotein cholesterol levels significantly more than
SR niacin did at all dosage levels. The reduction in triglyceride levels was similar
with IR and SR niacin. Nine (39%) of the 23 patients assigned to the IR dosage form
withdrew before completing the 3000-mg daily dose; the most common reasons for
withdrawal were vasodilatory symptoms, fatigue, and acanthosis nigricans. Eighteen (78%) of the 23 patients assigned to the SR dosage form withdrew before
completing the 3000-mg daily dose; the most common reasons for withdrawal were
gastrointestinal tract symptoms, fatigue, and increases in levels of liver aminotransferases, often with symptoms of hepatic dysfunction. None of the patients taking IR
niacin developed hepatoxic effects, while 12 (52%) of the 23 patients taking SR
niacin did.

Conclusion.\p=m-\TheSR form of niacin is hepatotoxic and should be restricted from

The IR niacin is preferred for the management of hypercholesterolemia but can
also cause significant adverse effects and should be given only to patients who can
be carefully monitored by experienced health professionals.
use.

(JAMA. 1994;271:672-677)

ACCORDING TO the National Choles¬
terol Education Program, nicotinic acid
is one of the primary drugs for treating
hypercholesterolemia.1 In daily doses
of 2 to 3 g, it reduces total cholesterol

and
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dense LDL-C and Lp(a) lipoprotein, both
of which are associated with increased
risk of coronary heart disease (CHD).6·7
It is effective in the treatment of hy¬
percholesterolemia, as well as mixed hyperlipidemia and hypoalphalipoproteine-
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low-density lipoprotein cholesterol

(LDL-C) levels an average of 20% to
30%, lowers triglycéride levels 35% to
55%, and increases high-density lipopro¬
tein cholesterol (HDL-C) levels 20% to
35% 5 It also reduces levels of small,

Chinchili, PhD

total and CHD

mortality when used in
primary prevention11 and to slow or re¬
verse the progression of atherosclerosis

when used with bile acid resins in sec¬
ondary prevention.11"15 It is widely avail¬
able as an over-the-counter product and
is one of the least expensive drugs for
the management of dyslipidemia.
For editorial comment,

see

709.

Despite these numerous advantages,
nicotinic acid has several notable disad¬
vantages, mostly relating to its toxic
effects. It is generally not well tolerated
by patients, causing vasodilatory side
effects in up to 100% of patients, par¬
ticularly when administered in an im¬
mediate-release (IR) dosage form.2·3 In
clinical trials, about 25% of patients have
to discontinue niacin use because of these
symptoms.3·1"·17 Sustained-release (SR)
dosage forms of nicotinic acid have been
recommended to reduce vasodilatory
side effects. Unfortunately, they are

more likely to produce gastrointestinal
tract side effects and may be less effec¬
tive in lowering LDL-C levels and in¬

creasing HDL-C levels.2·3 More impor¬
tantly, there have been numerous case
reports of hepatotoxic effects associated

with SR niacin.1831
This study was conducted to compare
SR and IR niacin directly in a well-de¬
signed clinical trial. The objective was to
compare escalating doses of IR and SR
niacin for efficacy in reducing LDL-C
and triglycéride levels and increasing
HDL-C levels and for the occurrence of
adverse effects as reflected by bother¬
some symptoms, changes in results of
laboratory tests for blood glucose or liver
function, and withdrawals from the study.

PATIENTS AND METHODS
Patient Selection
The study protocol was approved by
the institutional review board, and a con¬
sent form was signed by each patient.
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Adults with a history of high blood cho¬
lesterol levels were recruited by means
of advertisements in the local newspaper
and were taught the National Cholesterol
Education Program saturated fat- and
cholesterol-restricted step 1 diet by a reg¬
istered dietitian.1 Those who had LDL-C
levels greater than 4.14 mmol/L (160 mg/
dL) after following this diet for at least 1
month were eligible for the study. Pa¬
tients were excluded if they had major
medical problems; familial lipid disorders;
secondary causes of hypercholester-

olemia, including hypothyroidism, obesity
(>140% of ideal body weight), diabetes

mellitus, and renal disease; abnormal liver
function; triglycéride levels greater than
9.05 mmol/L; or contraindications to nia¬
cin therapy, including active peptic ulcer
disease; or if they were receiving drugs
that could alter cholesterol levels. Patients
whose conditions were stable with a fixed
dose of antihypertensive or thyroid re¬

placement medication, or conjugated es¬
trogens for longer than 6 months, could
participate if they maintained the same
dose throughout the study. Patients were
required to discontinue other cholesterollowering drug therapy 4 weeks before
beginning the diet lead-in phase.
Study Design
This

was a

randomized, double-blind,

parallel-group study. It lasted 36 weeks
and consisted of a 6-week lead-in period
followed by five 6-week treatment peri¬
ods. During the lead-in period, a medical
history was taken and clinical laboratory
tests and a physical examination were
performed. Compliance with the diet was
established by evaluating the patient's
diary of all foods consumed for 3 days
with a food record rating (FRR) score, a
scoring system that roughly quantifies
the saturated fat content in the diet.:i2
Patients who obtained an FRR score of
15 or less at the end of the lead-in period
were judged to be following a National
Cholesterol Education Program step 1
diet. This diet was continued throughout
the study and monitored by the use of
3-day diet diaries and FRR scoring at the
end of each treatment period.
Patients were randomly assigned to
receive IR niacin (Rugby Laboratories,
West Hempstead, NY) or SR niacin
(Goldline Laboratories, Ft Lauderdale,
Fla). The drug was administered twice
daily in identical-appearing capsules. Dur¬
ing the first treatment period, patients
took 250 mg/d for 1 week, followed by
500 mg/d for 5 weeks. Thereafter, the
following dosages were sequentially in¬
troduced, and the patient took each one
for 6 weeks: 1000, 1500, 2000, and 3000
mg/d. Dosages were escalated even if no
increase was required for control of the
patient's cholesterol level.

Table 1.—Mean Global Score and
Adverse Symptoms While Taking

Percentage of Patients Who Reported at Least Moderately Bothersome
Escalating Doses of Immediate- or Sustained-Release Niacin
% of Patients

Niacin

Daily

Dose, mg

No. of
Patients

Global
Score

Vasodilatory

Symptoms*

Gl Tract

Symptomst

Fatigue

Immediate release

3.8

Baseline
500

23

48

26

53

26

14

6.6*
6.7*
7.9*
8.1*
6.3*

23

23

1000
2000
3000

Sustained release
Baseline
500

32
39

39

29

14

2.9

22

26

3.2
5.1

13

22

13

1500
2000

3000

22

19
18

17

7.1*

22

56

33

'Flushing, tingling, headache, warmth, itching.
fGI indicates gastrointestinal. Nausea, gas, heartburn, diarrhea.
*P<.01 vs baseline.

All patients were taught how to rec¬
ognize and ameliorate side effects and
adjust doses. 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.

Study Measurements
Two 14-hour fasting blood samples for
lipid and lipoprotein cholesterol measure¬
ments were obtained in all six study pe¬

one at the end of the fourth and
another at the end of the sixth week.
During the lead-in period, the average of
these values was used to qualify patients
for the study and to establish baseline
levels. During each treatment period, the
average of these values served as the
measure of drug effect. If the patient was
withdrawn from the study during any
treatment period, any lipid values ob¬
tained were included in the efficacy analy¬
sis. Lipid results were available to the
investigators throughout the study for
use in encouraging patient compliance.
At the end of each study period, the
occurrence of adverse effects was deter¬
mined by use of patient history, clinical
laboratory tests, and a symptom ques¬
tionnaire. Patients were encouraged to
report adverse effects at any time. If the
adverse effect was clinically significant,
the patient was withdrawn from the
study. If it was not clinically significant,
the patient was asked to reduce the nia¬
cin dosage to the previously tolerated dos¬
age for 1 week and then to resume the
scheduled dosage. If the adverse effect
persisted or recurred, the patient was
withdrawn from the study. Patients were
always withdrawn when the results of
liver function tests were greater than
three times the upper limit of normal.

riods,

The symptom questionnaire contained
of 11 symptoms commonly reported
with niacin therapy (ie, vasodilatory
symptoms of flushing, tingling, warm feel¬
ing, headache, rash, and itching; gas¬
trointestinal tract symptoms of nausea,
gas, heartburn, and diarrhea; and fatigue).
For each symptom, patients were asked
to indicate how bothersome the symptom
had been during the previous 6 weeks.
The patient's responses were converted
to numeric scores by assigning 0 to 4 for
least to most bothersome. A global score
for each patient was determined at the
end of each treatment period by adding
the numeric scores of each symptom. The
global score provided an estimate of the
overall adverse effects associated with
niacin therapy; it did not indicate that all
adverse effects were of equal significance.
Compliance with niacin therapy was
assessed by a capsule count at the end
of each treatment period.
The laboratory used for this study
was standardized by participation in the
Centers for Disease Control Lipid Stan¬
dardization Program. All analytes met
Centers for Disease Control require¬
ments for accuracy and precision.33 To¬
tal cholesterol and triglycéride levels
were measured enzymatically.34 For the
HDL-C determination, plasma was frac¬
tionated with 0.092-mol/L manganese
chloride plus 183-U/L heparin solution
followed by centrifugati on, and the su¬
pernatant fraction was assayed for cho¬
lesterol.36 The very-low-density lipopro¬
tein cholesterol and LDL-C levels were
calculated by the Friedewald formula
applied to the measured values.36
a list

Statistical Methods
The minimum sample size estimation
at a power (1-ß) of 90% and a=.05 for
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Mean percentage change (with SD) in triglycérides (left), low-density lipoprotein cholesterol (LDL-C) (center), and high-density lipoprotein cholesterol (HDL-C) (right)
levels with immediate-release (darker bars) and sustained-release (lighter bars) niacin as dosage was increased from 500 to 3000 mg/d. Baseline levels were as
follows; triglycéride, 2.11 ±1.02 mmol/L in the immediate-release group and 1.96±0.84 mmol/L in the sustained-release group; LDL-C, 5.24±0.73 mmol/L
(202.8±28.6 mg/dL) in the immediate-release group and 5.20±0.59 mmol/L (201.1 i22.8 mg/dL) in the sustained-release group; and HDL-C, 1.15±0.32 mmol/L
(44.3± 12.2 mg/dL) in the immediate-release group and 1.28±9.49 mmol/L (49.6± 15.6 mg/dL) in the sustained-release group. Baseline values for immediate-release
and sustained-release niacin were not significantly different for triglycérides (P=.251) or LDL-C (P=.775) by (test. Baseline HDL-C values for immediate-release
and sustained-release niacin were significantly different (P=.002) by f test.
values for cumulative changes in lipids and lipoproteins from baseline between
immediate-release and sustained-release niacin are given in insert with each daily dosage (determined by repeated-measures analysis of variance).
a two-arm

parallel study with two-tailed

difference of 0.65
mmol/L (25 mg/dL) in LDL-C level with
an SD of 0.67 mmol/L (26 mg/dL) was 23
for each group. The sample size required
to determine a 0.23-mmol/L (9-mg/dL)
difference in HDL-C level with an SD of
0.23 mmol/L (9 mg/dL) was 21 for each

testing

to detect

a

group.36

Efficacy analyses were performed by
Analysis System. A re¬
peated-measures analysis of variance
the Statistical

(ANOVA) was conducted for each of the

following response variables: total cho¬
lesterol, triglycéride, LDL-C, very-lowdensity lipoprotein cholesterol, HDL-C,
glucose, uric acid, alanine aminotrans¬
ferase, aspartate aminotransferase, and
alkaline phosphatase levels; and global

adverse symptom score. The treatment
groups were unbalanced because of pa¬
tient withdrawals; therefore, the re¬
stricted maximum likelihood estimation
method described by Jennrich and
Schluchter" was applied. The model con¬
sisted of terms for each patient's base¬
line mean and terms for mean changes
from baseline for each period for each
dosage form; the correlation structure
within each patient was modeled as a
general autoregressive process. From
the results of the repeated-measures

ANOVA, approximate t tests were con¬

structed for comparing the dosage forms
within each period. For the lipid and
lipoprotein cholesterol variables, mea¬
surements were taken at the end of
weeks 4 and 6 of each period, so pre¬
liminary repeated-measures ANOVAs
were performed on the differences be¬
tween the two measurements to deter¬
mine whether it was legitimate to av¬
erage the values from these 2 weeks. All
the calculations for the repeated-mea-

ANOVAs were performed in
PROC MIXED of SAS 6.07.
Pearson's partial correlations among
the lipid and lipoprotein cholesterol re¬
sponses and alanine and aspartate aminotransferase levels were calculated for
each dosage form. Partial correlations
were used to adjust for the repeated mea¬
surements over dosage level for each dos¬
age form. Exact t tests were constructed
to test that the partial correlations were
significantly different from zero, and
Fisher's z-transformation was applied to
construct approximate 95% confidence
intervals/* All such calculations were per¬
formed by the multivariate ANOVA
statement in PROC GLM of SAS 6.07.
The period of a patient's last visit be¬
fore withdrawal (last visit if the patient
did not withdraw) was analyzed by means
of ordinal logistic regression in which the
regressor represented the difference be¬
tween the two dosage forms. This was
performed in PROC LOGISTIC of SAS
6.07. Also, the rate of withdrawals with
the two dosage forms was compared by
means of a likelihood-ratio 2 test.
sures

RESULTS

Study Patients
Fifty patients met the inclusion cri¬
teria; four patients were subsequently
withdrawn because they required medi¬
cal procedures that disrupted niacin
therapy or were not compliant with the
protocol. The remaining 46 patients, in¬
cluding 24 men and 22 women, of whom
32 were white and 14 black, were en¬
rolled into the study.
Of these 46 patients, 23 were random¬
ized to each treatment group. The mean
(±SD) ages of patients in the IR and
SR groups were 55.0 ±10.8 years and

52.0 ±10.4 years, respectively. Approxi¬
mately half of the patients in each group
were female and 35% were black. Pa¬
tients in each group had from zero to four
risk factors for CHD; family history, male
sex, hypertension, and smoking were the
most prevalent risk factors present. None
of the patients had a history of CHD. The
mean (±SD) baseline weight for patients
in the IR group was 80.6 ± 15.0 kg, and for
patients in the SR group, it was 81.4± 10.5
kg. The mean baseline values for LDL
cholesterol and triglycérides were simi¬
lar (P=.851 and .251, respectively), but
the mean baseline HDL-C levels were

different (P=.002) (Figure).
Compliance with the National Choles¬
terol Education Program diet and niacin
regimens was acceptable throughout the
study. The mean baseline FRR score was
8.8 (range, 3 to 15) in both groups. Mean
FRR scores ranged between 9.0 and 11.2
during treatment periods and were not
different between the IR and SR niacin
groups. Individual scores greater than 15
were encountered in only 14 (7%) of the
208 individual patient diaries analyzed,
and these scores decreased to less than
15 on reinforcement counseling. Patients
took an average of 92% to 98% of pre¬
scribed niacin doses during the study's
five treatment periods. Capsule counts
were not different during any treatment
period. Only 10 (7%) of 140 individual pa¬
tients took less than 80% of prescribed
doses during any one treatment period;
these patients returned to acceptable lev¬
els after counseling by the investigator.

Efficacy
Total cholesterol level was reduced by
1.5%, 4.8%, 9.8%, 11.1%, and 15.9% with
IR niacin and by 5.6%, 9.0%, 17.0%, 24.7%,

and 40.2% with SR niacin as dosages were
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increased from 500 mg/d to 1000, 1500,
2000, and 3000 mg/d, respectively. Mean
percentage changes in LDL-C, triglyc¬
éride, and HDL-C levels with escalating
doses of IR and SR niacin are presented
in the Figure. The reduction in triglyc¬
éride levels was similar with IR and SR
niacin; a significant difference between
the dosage forms was detected only at
the dosage of 1000 mg/d.
The SR niacin lowered LDL-C levels
significantly more than did IR niacin at
dosages of 1500 mg/d and higher (Fig¬
ure). The 1500-mg SR niacin dose and
the 3000-mg IR niacin dose produced
similar reductions in LDL-C levels (21.9%
and 21.7%, respectively). At 1500 mg
daily, SR niacin reduced LDL-C level in
all 21 patients who received it (range,
-3.1% to -50.0%), whereas IR reduced
it in 17 of 19 patients (range, +13.3% to
-40.2%). At 1500, 2000, and 3000 mg/d,
IR niacin lowered LDL-C levels to less
than 4.14 mmol/L (160 mg/dL), a com¬
mon goal of therapy, in seven (39%) of 19
patients, nine (50%) of 18 patients, and
nine (64%) of 14 patients, respectively.
The use of SR niacin achieved this out¬
come in 12 (57%) of 21 patients, 14 (78%)
of 18 patients, and nine (100%) of nine
patients, respectively. For SR niacin,
there was a significant correlation be¬
tween the decrease in LDL-C level and
the decrease in triglycéride level (r=.40,
P=.001); the decrease in LDL-C and tri¬
glycéride levels with IR niacin was not
significantly correlated (r=—.04, P=.772).
Similar to the reduction in LDL-C level,
total cholesterol levels decreased 2%, 5%,
10%, 11%, and 16% with IR niacin and
5%, 9%, 17%, 25%, and 39% with SR nia¬
cin as doses were increased.
The use of IR niacin increased HDL-C
level significantly more than did SR nia¬
cin at all dosages (Figure). The increase
with IR niacin was a substantial 25% at
1000 mg/d and 35% with 3000 mg/d. The
dosage of 1000 mg/d of IR niacin in¬
creased HDL-C level in all 23 patients
(range, 5.6% to 89%), while SR niacin
increased it in only 15 of the 23 patients
(range, -12.3% to 26.0%). The increase
in HDL-C level was correlated with the
reduction in triglycéride levels with both
IR niacin (r=-.33, P=.008) and SR nia¬
cin (r=-.33, P=.007). The HDL-C levels
were significantly lower at baseline in
IR niacin-treated patients, which may
have influenced these results.
Adverse Effects

Vasodilatory symptoms were re¬
ported to be at least moderately both¬
ersome by approximately half of the pa¬
tients taking IR niacin at dosages of 500
or 1000 mg/d; fewer reported these
symptoms at higher dosages (Table 1).
Flushing was the most frequently re-

Table 2.—Effect of
Niacin

Escalating Doses of Immediate- and Sustained-Release Niacin on Liver Function Tests*

Daily

Mean

Dose, mg
Immediate Release
0

AST, U/L

Mean

ALT, U/L

Mean Alkaline
U/L

Phosphatase,

22.2

22.7

95

500

2T3

¿

1000

20.7

20.5

97
96

1500

21.4

20.7

98

2000

22.3

21.1

95

3000_24^3_22^4_101_
Sustained release
0

23.8

25.6

50~rj

27Ü

25

95

1000

40.4

36.3

106

1500

36.6*
56.5t
97.0*

39.0*
59.1*
100.0*

Î05

2000

3ÖÖÖ

95

136
135

*AST indicates aspartate aminotransferase; ALT, alanine aminotransferase (usual reference interval for the study

laboratory was 0 to 50
*P<.05 vs baseline.

U/L for

both).

ported vasodilatory symptom. Patients
taking SR niacin did not report an in¬
crease in vasodilatory symptoms over
baseline levels. The frequency of gas¬

trointestinal tract symptoms was in¬
creased only in patients taking 3000 mg/d
of SR niacin. Fatigue was reported by
patients in both the IR and SR niacin
groups. Overall, global symptom scores
were significantly greater than baseline
for IR niacin at all dosages tested, but
only at 3000 mg/d for SR niacin. The
global scores for IR and SR niacin were
not significantly different from each
other at any dosage level.
As dosages were escalated from 500
to 3000 mg/d, mean fasting glucose lev¬
els increased from a baseline of 5.4
mmol/L (98 mg/dL) to 5.6, 5.7, 5.9, 5.9,
and 6.2 mmol/L (100, 103, 106, 106, and
112 mg/dL) with IR niacin and from 5.4
mmol/L (98 mg/dL) to 5.7, 5.6, 5.7, 6.2,
and 7.5 mmol/L (102, 100, 102, 112, and
136 mg/dL) with SR niacin. Compared
with baseline values, these increases were
not significant with IR niacin; the in¬
crease with 2000 mg/d and above of SR
niacin was significant (P=.009, ANOVA).
By the end of the study, three patients in
each group who were initially euglycemic had a fasting glucose level greater
than 7.8 mmol/L (140 mg/dL). None of
these patients experienced hyperglycé¬
mie symptoms, nor were they given glu¬
cose-lowering therapy. There was no ap¬
preciable change in mean uric acid levels
with either the IR or SR niacin group as
dosages were escalated, and no patients
experienced gouty arthritis during the
study. There was a substantial increase
in mean liver aminotransferase and al¬
kaline phosphatase levels in patients re¬
ceiving SR niacin; these levels reached
significance at 1500 mg/d and above
(Table 2). There were no significant
changes in liver function test results in
patients receiving IR niacin.

Toxic effects severe enough to require
withdrawal from therapy occurred in
patients taking both dosage forms. With
IR niacin, nine (39%) of the 23 patients
had to be withdrawn before completing
the dosage of 3000 mg/d (Table 3). The
most common reasons for withdrawal
from IR niacin were vasodilatory symp¬
toms (ie, flushing, itching, rash), fatigue,

and acanthosis nigricans. Withdrawals
because of vasodilatory symptoms were
encountered at dosages as low as 1000
mg/d, whereas acanthosis nigricans was
encountered in two patients taking 2000
mg/d and one patient taking 3000 mg/d.
The increase in fasting blood glucose
level in patients who developed acan¬
thosis nigricans was not different from
the mean change for all patients.
The adverse effects that caused pa¬
tients to withdraw from IR niacin
therapy subsided completely in every
case when therapy was discontinued.
Recovery occurred within a few days
for vasodilatory and fatigue symptoms
to within several months for acanthosis
nigricans. One patient who had been tak¬
ing IR niacin was admitted to a local
hospital 2 days after completing the
study because of a bleeding peptic ulcer
that required transfusion. The patient
had mentioned no abdominal symptoms
on his last study visit. He had a history
of peptic ulcer disease but had been
asymptomatic for the previous 7 years.
Eighteen (78%) of the 23 patients as¬
signed to the SR dosage form had to be
withdrawn before completing the dos¬
age of 3000 mg/d (Table 3). Liver aminotransferase elevations more than
three times the upper limit of normal
were encountered in 12 of the 18 pa¬
tients who were withdrawn; five of these
12 patients also had symptoms of he¬

patic dysfunction (ie, fatigue, nausea,
anorexia). Withdrawals resulting from
elevated liver aminotransferase levels
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occurred at dosages as low as 1000 mg/d;
symptoms of hepatic dysfunction were
encountered only at the dosage levels of
2000 and 3000 mg/d. The LDL-C level in
the 12 patients who withdrew because
of liver function abnormalities decreased
more than was expected with the dos¬
age of niacin taken; the mean cumula¬
tive LDL-C level reduction achieved
with the previous, tolerated dose was
22.7% compared with 40.5% with the
"toxic" dose taken at the time of with¬
drawal from the study. All liver func¬
tion abnormalities returned to normal
within 4 weeks after niacin was discon¬
tinued.
By application of ordinal logistic re¬
gression to the period of a patient's last
visit in the study before withdrawal, we
did not discover a significant difference
(P=.214) between the dosage forms for
the timing of the withdrawals. However,
by application of a likelihood-ratio 2
test, we discovered a significant differ¬
ence (P=.037) between the dosage forms
for the proportion of withdrawals.

COMMENT
Our study demonstrated that SR nia¬
cin reduced LDL-C levels more than IR
niacin did. In concert with other con¬
trolled trials comparing IR and SR nia¬
cin, IR niacin reduced LDL-C levels 14%
to 22% with dosages of 1500 to 3000
mg/d. However, SR niacin reduced
LDL-C levels 22% to 50%, whereas other
investigators only achieved a 13% to 25%
reduction with dosages of 1500 to 3000
mg/d.2·4 In the largest clinical study that
used IR niacin, the Coronary Drug
Project, 3000 mg/d reduced total cho¬
lesterol level an average of 10% in all
patients receiving it and 16% in patients
whose baseline total cholesterol level
was greater than 7.24 mmol/L (280
mg/dL), which was similar to that
achieved in patients enrolled in our

study.39

It is not apparent why there was a
difference in the LDL-C-lowering effi¬
cacy between IR and SR niacin in our
study. Factors that could cause differ¬

including gender, race, age,40
weight, baseline cholesterol levels, base¬
line triglycéride levels (which are sug¬
gestive of LDL subclass patterns7), and
compliance, were equally distributed in
the two study groups. The major dif¬
ences,

ference between the groups was the
prevalence of liver toxic effects associ¬
ated with SR niacin, and this may have
accounted for the greater LDL-C-low¬
ering effect. Patients who experienced
hepatic dysfunction with SR niacin had
a greater LDL-C level reduction than
was anticipated on the basis of the re¬
duction with the previous, tolerated
dose. Furthermore, nine of the 12 pa-

Table 3.—Patients
Withdrawal

Withdrawing From Niacin Treatment With Escalating Daily Doses and Reasons for Their
Sustained-Release Niacin

Immediate-Release Niacin

Daily

Dose, mg

No. of Patient
Withdrawals

Reason of Withdrawal

No. of Patient
Withdrawals

Nausea, flushing; itching;

flushing; fatigue,

Reason for Withdrawal*

Fatigue;

rash

elevated LFT

results

Elevated LFT results

Fatigue, listlessness;

Fatigue, nausea; acanthosis
nigricans (2 patients)

Acanthosis

elevated LFT results;
elevated LFT results
and fatigue; elevated
LFT results and nausea

(2 patients); nausea,
rash, itching; diarrhea,
weight loss
Elevated LFT results (3
patients); elevated LFT

nigricans

results and anorexia;
nausea; elevated
LFT results, nausea,

itching;

vomiting, fatigue
Total,

No.

(%)

9/23

18/23

(39)

(78)

*LFT indicates liver function test.

tients who developed hepatotoxic effects
were taking the higher niacin dosages,
2000 and 3000 mg/d, suggesting a doserelated toxic effect.
Our study has also shown that IR nia¬
cin had a greater effect on increasing
HDL-C levels than did SR niacin. A
dosage of 1000 mg/d of IR niacin pro¬
duced an impressive 25% increase in
HDL-C level, whereas the greatest in¬
crease with SR niacin was only 17% with
2000 mg/d. Other controlled clinical tri¬
als have found that HDL-C level in¬
creased 14% to 37% with 1500 to 3000
mg/d of IR niacin but only 8% to 9% with
similar doses of SR niacin.2,4 Investiga¬
tors using uncontrolled methods have
reported increases of 25% to 41% in
HDL-C level with dosages of 1000 to
3000 mg/d of SR niacin.5·10·16
The reason for the divergent effects
of IR and SR niacin on HDL-C level is
also unclear. One determinant of the ef¬
ficacy in increasing HDL-C is the change
in triglycéride level. A large increase in
HDL-C level accompanies a large re¬
duction in triglycéride levels4·6·9·1" and
vice versa.6·17 This, however, does not
explain the divergent effects we ob¬
served between IR and SR niacin. Both
IR and SR niacin produced similar re¬
ductions in triglycéride levels, but SR
niacin did not produce comparable in¬
creases in HDL-C level. This suggests
that different mechanisms may be op¬
erative. It is possible that both drugs
reduce the exchange of triglycéride and
cholesterol ester between very-low-den¬
sity lipoprotein and high-density lipo¬
protein particles, which results in higher
HDL-C levels,6 but that IR niacin has
other effects that cause an even greater
increase in HDL-C level. These mecha¬
nisms require further investigation.
One of the most important findings of

study was the extent of hepatotoxicity with SR niacin. This effect has been
widely chronicled in recent years, pri¬
marily through patient case reports.1831
Practically all of the patients in these
case reports were taking SR niacin, of¬
ten after being switched from an IR to
an SR dosage form.41 None of the re¬
ports provides information on the cho¬
lesterol levels of the affected patients.
In concert with our findings, most cases
of hepatotoxicity have occurred in pa¬
tients taking SR niacin dosages of 2000
mg/d or more. The duration of niacin
therapy before hepatotoxicity is expe¬
our

rienced has been as little as 1 week to as
much as 48 months, suggesting that toxic
reactions in our patients might have been
even more frequent with a longer study.41
As in our patients, symptoms accompa¬
nied some of the reported cases of el¬
evated liver function tests; most com¬
monly these symptoms included malaise,

fatigue, somnolence, weakness, anorexia,
nausea, vomiting, epigastric pain, and
dark urine.1"31 As in our patients, signs
and symptoms of hepatotoxicity resolved
completely within weeks of discontinu¬
ing niacin therapy. Several cases of se¬
vere liver dysfunction and fulminant
hepatitis, however, have been reported,
some progressing to stage 3 and 4 encephalopathy and one requiring liver

transplantation.19·24·28

Our study is one of the few controlled
trials to document a high prevalence of
hepatotoxic effects with the SR com¬
pared with the IR dosage form. Hepa¬
totoxic effects occurred in 52% of SR
niacin-treated patients and 0% of IR
niacin-treated patients. Christensen et
al2 and Henkin and Oberman42 also found
hepatotoxic effects in about half of their
SR niacin-treated patients. Other in¬
vestigators, however, have found few
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cases

of

hepatotoxicity

with SR nia-

cin.4'5,16·17 This suggests that there may
be differences in the prevalence of this

problem among the different SR niacin
products. However, many different SR
products with various release mecha¬
nisms, including Nicobid20 from RhonePoulenc Rorer Pharmaceuticals Ine (Col-

legeville, Pa), Slo-Niacin20 from UpsherSmith (Minneapolis, Minn), Nature's
Plus,18 Niatrol,23 Endur-Acin,23 and ge¬
neric products from Goldline23 (used in
this study), Rugby Laboratories, Rockville Center, NY,43 and Major20 Pharma¬
ceutical, San Diego, have been implicated
in niacin-induced hepatitis. It has also
been suggested that hepatotoxic effects
may be related to

a contaminant intro¬
duced during the manufacture of the nia¬
cin product,21 but there is no evidence to
support this contention.

Our study results support a careful
examination of the current over-thecounter availability of niacin in the
United States. Only two products that
have been approved by the Food and
Drug Administration for use in the treat¬
ment of hypercholesterolemia are cur¬
rently marketed, Niacor (Upsher-Smith)
and Nicolar (Rhone-Poulenc Rorer Phar¬
maceuticals Ine, Collegeville). All other
IR dosage forms and all SR dosage forms
are available as nonprescription drugs
for the treatment of nicotinic acid defi¬
ciencies and are not regulated by the
Food and Drug Administration. Given
the degree of toxic effects we encoun¬
tered, we believe that allowing niacin to
remain on the nonprescription market,
where it may be used in high doses for
cholesterol lowering without proper
monitoring by trained health profession-

als, presents a potentially serious public
health problem.
We also believe that the safety of nia¬
cin deserves further evaluation, especially
the potential for hepatic toxic effects with
SR niacin. From the perspective of a re¬
search center that routinely evaluates
the efficacy and safety of drug therapies
for hypercholesterolemia, the incidence
and severity of adverse reactions expe¬
rienced with both niacin dosage forms in
the present study, but particularly with
SR niacin, were much greater than any
investigational drug we have evaluated
for hypercholesterolemia. If niacin were
being evaluated for efficacy and safety
and our experiences were replicated by
others, we do not believe that it would be
approved by the Food and Drug Admin¬
istration for use in the management of
hypercholesterolemia.

Dodge HY, Albers JJ. Niacin or lovastatin, combined with colestipol, regress coronary atherosclerosis and prevent clinical events in men with elevated apolipoprotein B. Circulation. 1989;80:II\x=req-\
266.
14. Brown G, Albers JJ, Fisher LD, et al. Regression of coronary artery disease as a result of intensive lipid lowering therapy in men with high
levels of apolipoprotein B. N Engl J Med. 1990;
323:1289-1298.
15. Kane JP, Malloy MJ, Ports TA, Phillips NR,
Diehl JC, Havel RJ. Regression of coronary arteriosclerosis during treatment of familial hypercholesterolemia with combined drug regimens. JAMA.

the use oflow-dose sustained-release niacin. JAMA.

References
1. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults.
Summary of the Second Report of the National
Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel II). JAMA. 1993;269:3015-3023.
2. Christensen AN, Achor RWP, Berge KG, Mason
HL. Nicotinic acid treatment of hypercholesterolemia. JAMA. 1961;177:546-550.
3. Berge KG, Achor RWP, Christensen NA, Nason
HL, Barker NW. Hypercholesterolemia and nicotinic acid. Am J Med. 1961;31:24-35.
4. Knopp RH, Ginsbert J, Albers JJ, et al. Contrasting effects ofunmodified and time-release forms
of niacin on lipoproteins in hyperlipidemia subjects:
clues to mechanism of action of niacin. Metabolism.

1985;34:642-650.

5. Alderman JD, Pasternak RC, Sacks FM, Smith
HS, Monrad ES, Grossman W. Effect of a modified,
well-tolerated niacin regimen on serum total cholesterol, high density lipoprotein cholesterol and
the cholesterol to high density lipoprotein ratio.
Am J Cardiol. 1989;64:725-729.
6. Superko HR, Krauss RM. Differential effects of
nicotinic acid in subjects with different LDL subclass patterns. Atherosclerosis. 1992;95:69-76.
7. Carlson LS, Hamsten A, Asplund A. Pronounced
lowering of serum levels of lipoprotein Lp(a) in
hyperlipidemic subjects treated with nicotinic acid.
J Intern Med. 1989;226:271-276.
8. Tornvall P, Hamsten A, Johansson J, Carlson
LA. Normalization of the composition of very low
density lipoprotein in hypertriglyceridemia by nicotinic acid. Atherosclerosis. 1990;84:219-227.
9. King JM, Miller NE, Crouse JR. Effects of niacin
on fasting and postprandial lipids in normolipidemic
low HDL subjects. Arteriosclerosis. 1991;11:1519a.
Abstract.
10. Lavie CJ, Mailander L, Milani RV. Marked benefit with sustained-release niacin therapy in patients with 'isolated' very low levels of high-density
lipoprotein cholesterol and coronary artery disease.
Am J Cardiol. 1992;69:1083-1085.
11. Canner PL, Berge KG, Wenger NK, et al. Fifteen year mortality in Coronary Drug Project patients: long term benefit with niacin. J Am Coll
Cardiol. 1986;8:1245-1255.
12. Blankenhorn DH, Nessim SA, Johnson RL, Sanmarco ME, Azen SP, Cashin-Hemphill L. Beneficial effects of combined colestipol-niacin therapy on
coronary atherosclerosis and coronary venous bypass grafts. JAMA. 1987;257:3233-3240.
13. Brown BG, Lin JT, Schaefer SM, Kaplan CA,

1990;264:3007-3012.

16. Luria MH. Effect of low-dose niacin on high
density lipoprotein cholesterol and total cholesterol/
high density lipoprotein cholesterol ratio. Arch Intern Med.

1988;148:2493-2495.

17. Keenan JM, Fontaine PL, Wenz JB, Myers S,
Huang Z, Ripsin CM. Niacin revisited: a randomized, controlled trial of wax-matrix sustained-release niacin in hypercholesterolemia. Arch Intern
Med. 1991;151:1424-1432.
18. Knapp TRF, Middleton RK. Adverse effects of
sustained-release niacin. Ann Pharmacotherapy.

1991;25:253-254.

19. Clementz GL, Holmes AW. Nicotinic acid-induced fulminant hepatic failure. J Clin Gastroen-

terol. 1987;9:582-584.
20. Henkin Y, Johnson KC, Segrest JP. Rechallenge with crystalline niacin after drug-induced
hepatitis from sustained-release niacin. JAMA. 1990;
264:241-243.
21. Palumbo PJ. Rediscovery of crystalline niacin.
Mayo Clin Proc. 1991;66:112-113.
22. Frost PH. All niacin is not the same. Ann Intern Med. 1991;114:1065.
23. Etchason JA, Miller TD, Squires RW, et al.
Niacin-induced hepatitis: a potential side effect with
low-dose time-release niacin. Mayo Clin Proc. 1991;
66:23-28.
24. Mullin GE, Greenson JK, Mitchel MC. Fulminant hepatic failure after ingestion of sustained\x=req-\
release nicotinic acid. Ann Intern Med. 1989;111:
253-255.
25. Knopp RH. Niacin and hepatic failure. Ann
Intern Med. 1991;111:769.
26. Goldstein MR. Potential problems with the widespread use of niacin. Am J Med. 1988;85:881.
27. Ferenchick G, Rovner D. Case report: hepatitis
and hematemesis complicating nicotinic acid use.
Am J Med Sci. 1989;298:191-193.
28. Hodis HN. Acute hepatic failure associated with

1990;264:181.

29. Patterson DJ, Dew EW, Gyorkey R, Graham
GY. Niacin hepatitis. South Med J. 1983;76:239-241.
30. Einstein N, Baker A, Galper J, Wolfe H. Jaundice due to nicotinic acid therapy. Dig Dis. 1975;
20:282-286.
31. Dalton TA, Berry RS. Hepatotoxicity associated with sustained-release niacin. Am J Med. 1992;
93:102-104.
32. Remmell PS, Gorder DD, Hall Y, Tillotson JL.
Assessing dietary adherence in the Multiple Risk
Factor Intervention Trial (MRFIT). J Am Diet
Assoc. 1980;76:351-356.
33. Woolson RF. The Analysis of Biomedical Data.
New York, NY: John Wiley & Sons Inc; 1987:161\x=req-\
162.
34. National Institutes of Health. Lipid and lipoprotein analysis. In: Manual ofLaboratory Operations: Lipid Research Clinics Program, Vol. I. US
Dept of Health and Human Services; May 1974:56.
35. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein cholesterol in plasma, without use of the preparative ultra-centrifuge. Clin Chem. 1972;18:499\x=req-\
552.
36. Current status of blood cholesterol measurements in clinical laboratories in the United States:
a report from the Laboratory Standardization Panel
of the National Cholesterol Education Program.

Clin Chem. 1988;34:193-210.
37. Jennrich RI, Schluchter MC. Unbalanced repeated measures models with structured covariance matrices. Biometrics. 1986;42:805-820.
38. Morrison DF. Multivariate Statistical Methods. 2nd ed. New York, NY: McGraw-Hill International Book Co; 1976:102-111.
39. Coronary Drug Project Research Group. Clofibrate and niacin in coronary heart disease. JAMA.

1975;231:360-381.

40. Keenan JM, Bae CY, Fontaine PL, et al. Treatment of hypercholesterolemia: comparison of younger
versus older patients using wax-matrix sustained
release niacin. J Am Geriatr Soc. 1991;40:12-18.
41. Rader JI, Calvert RJ, Hathcock JN. Hepatic
toxicity of unmodified and time-release preparations of niacin. Am J Med. 1992;92:77-81.
42. Henkin Y, Oberman A. Niacin revisited: clinical observations on an important but underutilized
drug. Am J Med. 1991;91:239-246.
43. Kahn SE, Beard JC, Schwartz MW, et al. Increased B-cell secretory capacity as mechanism for
islet adaptation to nicotinic acid-induced insulin resistance. Diabetes. 1989;38:562-568.

Downloaded From: http://jama.jamanetwork.com/ by a Florida International University Medical Library User on 06/14/2015

