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NIACIN ADMINISTERED in daily dosage of 3 to 6
grams brings about a definite reduction in serum
cholesterol in most subjects. The precise mechanism
of this effect remains to be explained. Both in-
creased and decreased hepatic synthesis have been
reported, depending on the experimental animal
used and the conditions of the study.8"1"'18"19 In man
there does not appear to be any increase in bile
acid or sterol excretion in the stool." It has been
suggested that in rats and rabbits nicotinic acid
achieves its results only by inducing anorexia.5 The
clinical usefulness and potential toxicity of long-
term treatment are still in doubt.

This is a report concerning 31 patients treated
for periods up to three years with niacin, aluminum
nicotinate,* or combinations of aluminum nicotinate
and estrogent or triparanol.t

METHODS AND MATERIALS

Patients were all male Veterans Administration
out-patients or private patients who had cholesterol
levels before treatment greater than 270 mg. per 100
cc. of blood. The age range was from 6 to 62 years.
Twenty-three had had myocardial infarction while
the others had cholesterol deposits in the skin or
tendons, or were known to have familial hyper-
cholesterolemia.

In light of known vagaries in determination of
serum lipids,17 measurements were performed at
least three times, each time in duplicate, over at
least a two-month period to establish the level be-
fore treatment-the control level. Because of the
great variability in lipid levels in the two months
following myocardial infarction,16 no control meas-
urements were included for this period. Determina-
tions of lipids were carried out again at 2 to 6 week
intervals after the start of therapy.
The Kingsley technique'0 was used for total serum

cholesterol measurement. At present we achieve a
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'Aluminum nicotinate supplied as Nicalex® by Walker Labora-

tories, Inc., Mt. Vernon, N. Y.
tEstrogen supplied as SC 9263 (which is 16-alpha-chloro-1,3,5-

estratrien-17-one-) by G. D. Searle Co., Chicago.
*Triparanol supplied as MER/29® by Merrell Co., Cincinnati.

* Niacin or niacin combinations were adminis-
tered in dosage of 1.0 to 6.0 gm. to 31 hyper-
cholesterolemic patients for periods up to three
years. Eighty per cent were able to continue med-
ication for long periods without significant side
effects. Jaundice, apparently due to nicotinic
acid, occurred in one patient. Liver toxicity will
probably be a hazard in the use of this therapy.

Significant and maintained serum cholesterol
depression was achieved in 80 per cent of the
patients who were able to take adequate dosage.
Reduction in xanthomata was observed with cho-
lesterol reduction. In some cases, when larger
doses were not tolerated or were unsuccessful,
combining 1.5 gm of niacin with small doses of
estrogen or triparanol achieved the desired ef-
feet. Aluminum nicotinate had no important
advantage over plain niacin.

reproducibility of + 8 mg. of 100 cc. with this
method. A comparison of this method with the
Abell method on 50 samples over a wide range in-
dicated that the amount as determined by the King-
sley method averages 14 per cent higher. A
modification of the Jencks and Durrum9 technique
was used for electrophoresis and staining."' Except
for the two patients noted, diets were stable during
the treatment period. Also, with one exception,
weight did not vary more than 5 per cent during
the study period.

RESULTS*

A. Niacin alone
Nineteen patients were given plain niacin in 3

gm. to 6 gm. doses daily. Sixteen of them were able
to continue the drug in adequate dosage with the
following results:

1. Lipid changes. Thirteen subjects maintained
reductions of serum cholesterol of 20 per cent or
more below the control level, six having reductions
greater than 30 per cent. It should be emphasized
that these are persisting decrements and that the
lowest single cholesterol level achieved during the
therapy was often more than 50 per cent below
the control. When niacin was temporarily discon-
tinued in four patients there was a return to control
levels in one month. Of the three unresponding
patients, one had idiopathic hyperlipemia, one

Tables containing specific data may be obtained from the author.
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familial hypercholesterolemia and the other had
had an uncomplicated myocardial infarct.
Ten of the 13 patients who had favorable choles-

terol effect also had changes to normal in their
alpha:beta lipoprotein ratio, either by increased
alpha, decreased beta, or both.

2. Xanthomata. Six patients had xanthoma tu-
berosum, tendinosum or xanthelasma at the start
of therapy. In one, the xanthelasma completely
disappeared and in two there was measurable
reduction of the tendon deposits. One man had
xanthomata removed before therapy was begun and
at last report, after nearly two years, there had been
no return.

3. Angina, intermittent claudication and periph-
eral pulses. There was no change in the single
patient with absence of leg pulses even though
cholesterol was maintained below 200 mg. per 100
cc. for two years. Although a decrease in angina
was reported by a few patients, no convincing
evidence of change was noted.
B. Aluminum nicotinate

Thirteen patients were given this medication.
Three patients who could not tolerate niacin because
of nausea and vomiting were also unable to tolerate
aluminum nicotinate. Eight subjects were able to
maintain therapy. Of these, four had maintained
cholesterol depressions of greater than 20 per cent,
along with favorable lipoprotein alteration. Three
of the nonresponders were children of a hyper-
cholesterolemic family who were unable to tolerate
more than 1 gm. daily.
No effect on the peripheral pulses or exercise

tolerance of one peripheral atherosclerotic patient
was noted despite good cholesterol depression.
C. Aluminum nicotinate plus estrogen (designated

SC 9263, which is 16-alpha-chloro-1,3,5,-estratri-
en-17-one-)
Two patients were started on this combination

as their initial therapy; five were so treated when
the full dose of niacin was not tolerated or when
niacin alone either failed to reduce the cholesterol
or to increase the alpha :beta lipoprotein ratio.
Dosage of aluminum nicotinate was 1.5 gm. or 3
gm. daily, and of SC 9263 5 mg. daily. Four pa-
tients had persisting cholesterol reductions of more
than 20 per cent and 5 had lipoprotein shifts.
D. Niacin plus triparanol (MER/29®)
Two patients were given MER/29®, 250 mg.

daily with niacin 1.5 gm. daily. This was done when
an effecti-ve niacin dose could no longer be tolerated
and after it was determined that MER/29 alone
(250 mg. for two months) was without effect. In
both cases, successful reduction in cholesterol oc-
curred.

E. Side Effects

1. Nausea and Vomiting. Three patients were
unable to take more than a few doses of niacin
because of this symptom. Nor could they tolerate
the medication when aluminum nicotinate was sub-
stituted for niacin. Doses of 500 mg. were tolerated
but were ineffective. In two men nausea and vomit-
ing developed later, in one after three weeks and
in the other after 84 weeks of therapy. Again the
aluminum salt was not better tolerated.

2. Flushing. Flushing of mild to severe intensity
occurred in all patients during the first week.
Thereafter, the flushing was mild and intermittent
and in no case was it a cause for discontinuing
treatment. Aluminum nicotinate administration pro-
duced only slightly less flush than niacin. Taking
the medication without food resulted in severe flush-
ing from one to three hours later. If the evening
meal was small, patients were occasionally awakened
at night with flushing.

3. Epigastric burning occurred in three patients,
two of whom had a history of duodenal ulcer and
one of whom was an alcoholic. Distress was not
controllable with antacids and in one case was
severe enough to lead to discontinuing medication.

4. Jaundice. In one of the early patients in the
series jaundice developed at 70 weeks. This was
believed to be owing to drug-induced intrahepatic
cholestasis and was reported upon in detail else-
where.15 Because of this experience, SGO-trans-
aminase and alkaline phosphatase were measured
every three to four months in all patients. No ab-
normalities were noted. Bronsulfonphthalein deter-
minations were not done, nor was liver biopsy
carried out.

5. Typical hives developed in one patient after
two doses.
With two exceptions, diets were stable during the

treatment period. Most of the patients were on
standard, American, high-fat diets, and the medica-
tion was as effective in these patients as it was in
patients on restricted diet. One patient changed
from restricted saturated fat to regular diet during
treatment without negating the niacin effect. An-
other, however, had a sharp rise in cholesterol upon
liberalization of diet, with a rapid gain of 18
pounds in body weight.
Aluminum nicotinate had the same cholester-

openic effect as equivalent doses of niacin. Patients
intolerant to niacin because of nausea, vomiting or
epigastric. burning were also intolerant of the alu-
minum salt. There appeared to be slightly less flush-
ing with aluminum nicotinate. Although a 1.5 gm.
dose was tolerated when a 3 gm. dose was not, this
smaller amount was ineffective except in one in-
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stance. When 1.5 gm. of niacin was combined with
either a small dose of estrogen or MER/29 (neither
of which alone was effective) a lipodiatic effect was
achieved in five of six trials.

DISCUSSION

The decision as to the wisdom of using niacin
therapy turns on the question of serious toxicity.
Will important liver damage occur?
The case in which jaundice occurred in the

present series, and the reports of other investiga-
tors regarding overt jaundice and abnormal liver
function tests,312.13 call for caution. While it is
true that in each case the jaundice was reversible,
and that in many cases enzymatic abnormalities of
liver function appeared without histologic abnor-
mality on liver biopsy, in at least one biopsy con-
siderable parenchymal damage was seen.4 We used
only the alkaline phosphatase and SGO transam-
inase as screening procedures and detected no
abnormalities in our other patients. These liver
changes suggest, of course, that niacin is effective
by virtue of some interference with liver synthesis
of cholesterol. Such findings, plus the failure to
observe reduced appetite or weight loss in patients,
makes the Friedman suggestion5 of anorexia as the
mechanism of niacin-induced hypocholesterolemia,
untenable for man.

Apparently clinically insignificant abnormalities
in sugar tolerance and uric acid levels have been
noted by other investigators.3'7"13
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