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Summary. Various agents have been tried in subjects with
newly diagnosed Type 1 (insulin-dependent) diabetes melli-
tus in an attempt to preserve Beta-cell function. In this
double-blind study, nicotinamide or placebo were given for
one year to 35 children and adolescents with newly-diag-
nosed Type 1 diabetes. All subjects were within six weeks of
diagnosis and were between the ages of 6 and 18 years. Ni-
cotinamide, a poly-(ADP-ribose) synthetase inhibitor, was
given in a dose of 100 mg/year of age up to a maximum of
1.5 g/day. There were no initial differences between the 17
control and the 18 test subjects in relation to mean age, sex
distribution, or severity at onset. Mean insulin dosages and

HbA, values were similar for the two groups during the year
of study. Fasting and glucagon-stimulated C-peptide levels
were similar for the control and nicotinamide treated
groups at the beginning and after 4 and 12 months. There
were no differences in remission rates between the two
groups. Nicotinamide, at this dosage, does not preserve re-
sidual insulin secretion in subjects with newly diagnosed
Type 1 diabetes.
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Inrecent years, the growing understanding of the basic pa-
thology of Type 1 (insulin-dependent) diabetes mellitus
has invited attempts to change the course of the disease. In
one of these studies, nicotinamide was shown to reduce
the incidence of glucosuria in female non-obese diabetic
(NOD) mice [1], provided that it was given before overt
disease appeared, and in another it prevented strepto-
zocin induced diabetes in male Wistar rats [2]. Similarly, in
conjunction with desferrioxamine, it prevented islet cell
allograft rejection in the NOD mouse [3].

The primary action of nicotinamide is to inhibit the ac-
tivation of poly-(ADP-ribose) synthetase following DNA
strand breaks [4]. This inhibition will avoid the decrease in
the cellular NAD content. The resultant increase in NAD
content of Beta cells will favour proinsulin synthesis.
Nicotinamide may also act directly as a hydroxyl ion
scavenger [5] thus potentially modulating damage at two
points.

The present study was undertaken to see if nicotin-
amide, given orally for one year, might bring about a sig-
nificant alleviation of Type 1 diabetes in children and ado-
lescents.

Subjects and methods

All patients who were newly-diagnosed as having Type 1 diabetes
according to World Health Organization criteria [6] and who were 6
to 18 years of age were told of the study. Over an 18 month period, 35
of 67 subjects elected to participate within the required six weeks
after diagnosis. There were no other exclusion criteria for admission
to the study. Severity at onset was determined as previously de-
scribed [7]. Subjects were randomly assigned to a treatment or to a
placebo group in a double blind manner. Subjects or their guardians
signed informed consent acceptances that had been approved by the
University Human Subjects Committee.

Test subjects received a slow release nicotinamide preparation
(Innovite, Inc. Tigard, Ore, USA) in an oral dose of 100 mg-
age (years)~'-day ! up to a maximum of 1.5 g/day. This preparation
was tested in NOD mice and it was confirmed that it had the ability
to prevent diabetes as do conventional forms of the vitamin. The ni-
cotinamide was administered two or three times per day with meals
to maximize the accuracy of the dose using 250 mg or 500 mg tablets.
Diabetes care was as previously described [8], with all subjects re-
ceiving 2 s.c. injections per day of human regular and NPH insulin,
monitoring blood sugar 2 to 4 times daily, and following a sugar-re-
stricted diet. Laboratory evaluations were carried out at the start of
the study and after 4 and 12 months. These included HbA, levels
measured using ion exchange resin (Isolab Fast Hemoglobin Test
System; Isolab, Inc., Akron, Ohio, USA) and liver function tests
(transaminases, alkaline phosphatase and total bilirubin). Islet cell
antibodies (ICA) were measured as previously described [9]. Blood
was obtained for fasting C-peptide levels and for levels 6 min after an
i.v. infusion of glucagon over 30 s of 20 ug/kg body weight up to a
maximum of 1 mg. C-peptide levels were measured by RIA using the
CYCLO-Trac SP 125/RIA Kit (Incstar Corp, Stillwater, Minn.,
USA), with a sensitivity of 0.03 pmol/ml.

Compliance was measured by counting the number of tablets re-
maining in bottles at the three-monthly clinic visits. Reports from
the subjects and their parents were also used in assessing com-
pliance.

Statistical analysis

Statistical analyses were done using the SAS package [10]. The Stu-
dent’s ¢ -test for two independent samples and the chi-square test
were used.

Results

The nicotinamide group was composed of nine males and
nine females, whereas 12 males and 5 females were in the
control group (p >0.05, chi-square test). The mean
(£1SD)age of the treatment subjects was 12.5 £ 3.7 years
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Table 1. Insulin doses at entry and after 4 and 12 months of nicotin-
amide or placebo treatment

Time of sampling Insulin dose® Significance®

Nicotinamide  Control

Baseline 0.62£0.29 0.65+£020 p>0.05
(18)° 17)

4 months 0.61 £0.32 0.41+028 p>005
(18) 17

12 months 0.75+£0.23 0.77+044 p >0.05
(16) (135)

2 Insulin doses are expressed as the mean (+ 1SD)in U-kg-! - day-".
b Statistical significance was determined using the Student’s 7 -test
for two independent samples. © The numbers in parentheses repre-
sent the number of subjects at each of the time periods

Table 2. HbA, levels at entry and after 4 and 12 months of nicotin-
amide or placebo treatment

Time of HbA, levels®
sampling Nicotinamide  Control Significance®
Baseline 11.9£22 116+2.1 p >0.05
(18 a7
4 months 9.6+12 94£23 p >0.05
(18) (17)
12 months 10.6+1.9 105+2.1 p >0.05
16) (15)

* Values are expressed as the mean ( +1SD) in %. ° Statistical sig-
nificance was determined using the Student’s ¢-test for two inde-
pendent samples. © Numbers in parentheses represent the number
of subjects

Table 3. Plasma levels of C-peptide at entry and after 4 and
12 months of Nicotinamide or placebo treatment

Time of sampling Plasma levels of C-peptide®
Control Nicotinamide
subjects treated subjects®
Baseline
Fasting 0.19+0.02 0.26 £0.04
Stimulated® 0.41 £0.06 0.51 £0.06
4 months
Fasting 0.19+0.03 0.19+0.02
Stimulated 0.50+0.12 0.40 £0.05
12 months
Fasting 0.14£0.03 0.16 £0.05
Stimulated 0.37+0.12 0.31£0.05

@ C-peptide levels are expressed as the mean (= SEM) in pmol/ml.
® Plasma C-peptide levels 6 min after i.v. glucagon stimulation.
¢ Comparison of data between the control and nicotinamide-treated
groups was not statistically significant (p > 0.37; Student’s 7 -test) at
all times (baseline, 4 months and 12 months)

(range = 6.0 to 17.6 years) compared to 10.8£3.5 years
(range = 6.6 to 16.8 years) for control subjects (p > 0.05,
Student’s £ -test). This was slightly higher than the usual
mean age of onset due to the exclusion of children under
age 6 years. Severity of onset was similar in both groups,
with two subjects in each group having severe ketoaci-
dosis (pH < 7.10) and all others having a mild or moderate
onset. Ketonuria at onset was present in 11 control and 12
test subjects. The mean duration (+ SEM) of diabetes
prior to entering the study for the control group was
253+3.8days and for the nicotinamide group was
28.7 £ 2.8 days (p > 0.05; Student’s -test).
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The mean insulin dose was similar in the treatment and
control groups at all three time periods (Table 1). Like-
wise, mean HbA, values were similar in the two groups at
the three time periods (Table 2). Liver function tests re-
mained normal in all subjects.

Fasting and glucagon-stimulated plasma C-peptide
levels were similar (p > 0.05) between the nicotinamide
and control groups at the beginning and after 4 and
12 months (Table 3). Only one subject did not increase
C-peptide levels to > 0.1 pmol/ml after glucagon stimula-
tion in the baseline samples. One nicotinamide-treated
and three control subjects did not increase C-peptide lev-
els to > 0.1 pmol/ml after 4 months (p > 0.05; chi-square
test). Four nicotinamide-treated and 7 control subjects did
not increase C-peptide levels to 0.1 pmol/ml after
12 months (p > 0.05, chi-square test).

The ICA test was initially positive for 14 of 18 in the
treatment group and for 14 of 17 in the control group.
After 4 months, four of the nicotinamide group and two in
the control group who were initially positive had become
negative (p >0.05; chi-square test). After 12 months, an
additional four subjects in the control group and three
subjects in the nicotinamide group who were positive
initially and at 4 months were also negative.

Only one control subject (and none receiving nicotin-
amide) was able to discontinue insulin injections for seven
days or longer without fasting or 2-h post-prandial blood
glucose levels exceeding 7.25 mmol/l.

Discussion

Nicotinamide has been shown to be effective in diminish-
ing the occurrence of clinical diabetes in the female NOD
mouse, where the Beta-cell destructive process is assumed
to be autoimmune. However, the results of its use in hu-
mans have so far been equivocal. Vague et al. [11] first re-
ported giving 3.0 g/day in a double blind study to seven
subjects aged 22.1 £ 2.4 years with nine control subjects.
They showed a suggestive increase at 6 and 12 months in
the proportion of patients no longer needing insulin and
lower insulin requirements in the treated group at both
times. In a slightly larger and somewhat older group of 11
treated patients and 12 control subjects [12], nicotinamide
was given for nine months; but in this series the subjects
had already been on insulin for 1-5 years before the trial
was begun. Although there was no difference in insulin re-
quirements at 6 or 9 months, HbA, values were lower in
the treated group at these times and C-peptide responses
to glucagon were significantly better maintained
(p £0.05) in the treatment group. In a smaller and slightly
younger group, Mendola et al. [13] gave 1 g/day of nico-
tinamide for 45 days only. No differences were noted in
mean insulin requirements or mean levels of HbA; overa
one year follow-up. C-peptide responses showed an initial
significant improvement over the control group at 15 days
but this effect was not sustained. More recently, Pozzilli, et
al.[14]in a non-double blinded study showed small doses
of nicotinamide successful in improving metabolic control
in recent-onset Type 1 diabetes. They also did not find sig-
nificant differences in basal or stimulated C-peptide
values between control and nicotinamide-treated groups
over one year of study.
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It is pertinent to examine the reasons why no differ-
ences were found between the treated and control groups
in our study. Our sample was somewhat larger than in the
earlier studies; but the mean age was ten or more years
younger, which would fit with the concept that loss of islet
cell function proceeds more rapidly in younger age groups
[15]. In talking with the parents and the subjects and in
counting tablets, motivation did not seem to be a problem.
However, compliance has not been evaluated in any of the
studies other than by monitoring tablet consumption. Uri-
nary levels of nicotinamide could be monitored, but sub-
jects could then increase compliance when they knew this
was to be done. Dosage may be an issue, and Vague et al.
[11, 12] used twice the dose used in our study. Also, the
numbers in all of the clinical studies to date have been in-
sufficient to detect significant effects of nicotinamide on
preservation of Beta-cell function.

Two possibilities for the future are suggested by these
results; the first is to obtain confirmation of the value of
nicotinamide in the preclinical phase in humans [16]. It
may be that in a stage of diabetes prior to insulin depen-
dence, when islet cells are capable of greater insulin pro-
duction, that nicotinamide might be more effective. The
second possibility is to further explore its role for newly di-
agnosed patients when used in a higher dosage, or when
used in conjunction with other approaches or immuno-
modifiers. These might include intensive insulin therapy
[17], low dose cyclosporine A, prednisone or free radical
scavengers, all of which might effect different stages of the
insulitis.

No significant side effects have been encountered with
the use of nicotinamide in any of the clinical studies re-
ported in subjects with diabetes or other conditions [18]. It
is inexpensive and freely available in health food stores in
the United States. At the same time, there is evidence [19]
that it is a co-carcinogen with alloxan and streptozotocin
in rats, where it may cause benign islet cell tumours. A re-
cent study by LeDoux et al. [20], on cultured rat insu-
linoma cells came to a more reassuring conclusion. While
acknowledging the contention of Nomikos et al. [3], that
inhibition of poly (ADP-ribose) synthetase might encour-
age oncogenesis, they demonstrated evidence for the al-
ternate view, that the direct DNA chain breaks in the al-
loxan-induced model were actually diminished in the
presence of nicotinamide.

In summary, the therapeutic role of nicotinamide in
Type 1 diabetes still merits further evaluation at both the
prediabetic stage and, in combined trials with other
agents, at the beginning of the clinical phase.
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