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Summary Nicotinamide has been recently intro-
duced, in addition to intensive insulin therapy for pa-
tients with recent-onset insulin-dependent diabetes
mellitus (IDDM) to protect beta cells from end-
stage destruction. However, available data are con-
flicting. A double blind trial in 56 newly-diagnosed
IDDM patients receiving nicotinamide for
12 months at a dose of 25 mg/kg body weight or pla-
cebo was designed in order to determine whether
this treatment could improve the integrated parame-
ters of metabolic control (insulin dose, glycated hae-
moglobin and C-peptide secretion) in the year after
diagnosis. In addition to nicotinamide or placebo, pa-
tients received three to four insulin injections daily to
optimize blood glucose levels. Patients treated with
nicotinamide or placebo received similar doses of in-
sulin during follow-up and 1year after diagnosis
with comparable glycated haemoglobin levels
(6.7 £ 1.8 % nicotinamide vs 7.1 £ 0.6 % placebo). Ba-
sal and glucagon stimulated C-peptide secretion de-
tectable at diagnosis were similarly preserved in the

course of 12 months follow-up both in nicotinamide
and placebo treated patients. No adverse effects
were observed in patients receiving nicotinamide.
When age at diagnosis was taken into account, nico-
tinamide treated older patients (> 15 years of age)
showed significantly higher stimulated C-peptide se-
cretion than placebo treated patients (p <0.02).
These results suggest that nicotinamide can preserve
and improve stimulated beta-cell function only in pa-
tients diagnosed after puberty. We conclude that in
these patients nicotinamide can be added to insulin
at the time of disease diagnosis to maintain and possi-
bly improve residual beta-cell function. However,
further studies on patients diagnosed after puberty
are needed to confirm whether nicotinamide can be
considered an additional tool to insulin in early-on-
set IDDM. [Diabetologia (1995) 38: 848-852]
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Nicotinamide (NA) is one of the promising substan-
ces currently being considered for secondary preven-
tion of insulin-dependent diabetes mellitus IDDM
f1].

Acting at three different levels NA reduces the
toxicity of free oxygen radical scavengers produced
by lymphocytes and macrophages in the islet cell in-
filtrate and may improve insulin secretion by increas-
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ing intracellular NAD and promote beta-cell regen-
eration [2]. More recently it has been shown that
NA is able to prevent the toxic effect of nitric oxide
on islets [3] and to abolish the interleukin 1b inhibi-
tion of islet insulin release [4]. The effect of NA is
dose dependent being maximal at 25 mmol/l; a high-
er dose (50 mmol/l) stimulates insulin synthesis and
increases islet survival in vitro [5].

The first pilot study in recent-onset IDDM,
showed that administration of NA at doses of 3 g dai-
ly had a beneficial effect on the clinical remission rate
[6]. In our first experience, NA was used successfully
to improve metabolic control [7].

Following these initial studies, small trials have
been carried out in patients with newly-diagnosed
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IDDM looking at both clinical and partial remission
as well as the integrated parameters of metabolic con-
trol (basal and stimulated C-peptide secretion, and
glycated haemoglobin [8~13]. In these trials NA
alone or in combination with other agents, namely cy-
closporine, was administered in a variety of doses,
ranging from 4 mg/kg to 45 mg/kg body weight. Dis-
cordant results were obtained; some studies showed
a beneficial effect on C-peptide secretion [7, 8, 13],
others did not [9-12}. The age at diagnosis may be im-
portant as the highest percentage of complete remis-
sion (suspension of insulin therapy) (43 %) was first
reported in the study published by Vague in 1987 in
patients with a mean age of 23 years [6]. These en-
couraging results were not confirmed when younger
(<15 years of age) patients were treated with NA
(10, 11]. The data from our most recent study suggest
that in adult IDDM patients NA can improve meta-
bolic control as much as the combination of NA and
cyclosporine [13].

In view of these findings and the relevance that
NA may have for IDDM prevention in susceptible
children, we decided to conduct a large double-blind
trial with NA including children and adults in order
to determine whether NA may be given safely to pa-
tients with recent-onset IDDM to improve the inte-
grated parameters of metabolic control within the
first year of disease.

Subjects, materials and methods

Selection of patients. Patients with newly-diagnosed IDDM
were selected to take part in this study if they fulfilled the fol-
lowing criteria: 1) diagnosis of the disease according to World
Health Organisation criteria; 2) age at diagnosis between 5
and 35 years; 3) duration of clinical disease less than 4 weeks;
4) no medical contraindications (including pregnancy) or any
other major chronic disease; 5) willing and able to participate
in regular follow-up. Patients did not suffer from other autoim-
mune diseases and lived either in Rome or its province. They
were followed-up by the staff of the same centre where they
were first seen. Each of the seven participating centres contrib-
uted nearly equal numbers of patients to the study.

Investigations and follow-up. Patients started on a 55 % carbo-
hydrate diet and received human insulin, short and intermedi-
ate acting, three or four times daily. Self-determined capillary
glucose was recorded daily; fasting in the morning and twice
before and after meals, and insulin dosage was adjusted ac-
cordingly to obtain near-normal blood glucose levels.

Patients were examined weekly during the first month of
therapy and then monthly by the same team of physicians in
each participating centre. Drug toxicity was evaluated at fol-
low-up visits including liver and renal function tests and total
blood count. Glycated haemoglobin (HbA, ) was measured
every 3 months by a column assay (BioRad, Milan, Italy), and
C-peptide secretion (basal and stimulated with 1-mg intrave-
nous glucagon) was evaluated after hyperglycaemia was nor-
malized before entry into the trial, and at 3-month intervals
for 1year thereafter. The stimulatory test was always per-
formed with the patient fasting in the morning with blood glu-
cose levels below 10 mmol/l. C-peptide was measured by radio-
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immunoassay using a commercially available kit (BioRad).
The normal range of fasting C-peptide established in 150 heal-
thy subjects aged 540 years is 2-5 ng/ml, with intra- and in-
ter-coefficients of variation of 10 and 15 %, respectively. Com-
plete blood count, blood urea nitrogen, serum creatinine, ser-
um electrolytes and bilirubin were monitored every 3 months.
As part of the Eurodiab study project [14], IDDM patients di-
agnosed in our region are HLA typed for DQA and DQB al-
leles using specific probe oligonucleotides and immune reactiv-
ity against islet cells is evaluated by measuring islet cell antibo-
dies and antibodies to glutamic acid decarboxylase.

Treatment protocol. Regular nicotinamide (NA) (IDI Farma-
ceutici, Pomezia, Italy) was administered at a dose of 25 mg/
kg body weight divided in two doses and administered at meal
times. Therapy with NA or placebo was started as soon as in-
formed consent was given, less than 4 weeks from diagnosis.

The study was randomized, double blind and placebo con-
trolled. The protocol was approved by the ethical committee
and informed consent was obtained from the patients or their
relatives in compliance with local regulations. Patients were
stratified according to age and centre of treatment and as-
signed to treatment according to a computer-generated rando-
mized arrangement. Compliance with treatment was assessed
by asking the patient about tablet intake and by counting ta-
blets. Patients were also contacted every month to check on
compliance.

Guidelines for insulin therapy. Patients were asked to perform
home blood glucose monitoring at least three times daily. Par-
ticipating centres adopted the same therapeutic protocol con-
sisting of three to four injections per day of regular and lente
insulin.

If preprandial blood glucose values were less than
6.5 mmol/l the insulin dose was decreased by 10 %; if blood
glucose levels were consistently less than 4.5 mmol/], the insu-
lin dose was decreased by 20 %. Insulin therapy was not dis-
continued unless 2-h postprandial blood glucose values mea-
sured at home were consistently less than 7.5 mmol/l. Patients
with blood glucose values above 10 mmol/l received a 10 % in-
crease in insulin dose or had their insulin regimen modified.
Frequent telephone consultations were arranged with patients
in order to regulate adjustments to the insulin dose.

Evaluation of response to therapy. This was monitored
throughout the study by investigating the integrated measures
of metabolic control (insulin dose, HbA, and C-peptide) at 3-
month intervals.

Sample size and statistical analysis. The number of patients to
be included in the study was calculated based on the analysis
of NA trials published in the past in recent-onset IDDM pa-
tients on the assumption of improved parameters of metabolic
control 1 year after diagnosis in half of the treated patients
compared to the control group. Setting alpha (probability of
type 1 error) equal 0.05 and beta (probability of a type II er-
ror) equal 90 %, the required sample size was 50 for a two-
sided test. Allowing for dropouts, 28 patients were allocated
per group to ensure a reasonable sample size.

Statistical analysis

Statistical analysis was conducted using an IBM computer and
SPSS software. For the evaluation of results of the integrated
parameters of metabolic control, a repeated measure analysis
of variance and Student’s t-test for independent means were
used.
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Table 1. Clinical characteristics of patients at entry in the trial
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Nicotinamide Over 15 years Placebo Over 15 years
whole group of age whole group of age
n 28 6 28 7
(male/female) (16/12) (4/2) (16/12) (6/1)
Age (years) 13.2+6.7 24+57 13.2+6.5 25+£54
(5-35) (18-35) (5-31) (17-31)
Duration of symptoms before
diagnosis (days) 29712221 3561299 2161270 20.1+1438
(range) (5-90) (7-90) (3-120) (7-45)
Blood glucose at diagnosis (mmol/l) 183+7.6 155148 189172 206+7.1
(range) (8-42.8) (6-20.8) (7.1-39.7) (11-27.8)
Patients with ketonuria at diagnosis (%) 75 67 85 71
Body mass index (kg/height?) 19.6+3.4 212124 192+5.0 236165
(range) (12-26.7) (18-23.9) (13.6-35.6) (13.6-35.6)
Insulin dose (IU/kg b.w.) 0.55+03 0.53+0.22 0.59£0.5 0.42+0.59
(range) (0.13-1.17) (0.23-0.86) (0.05-2) (0.07-1.7)
HbA,, (%) 8715 8.13+0.75 89116 89127
(range) (7-13.1) (7.1-8.9) (5.8-14.5) (7.1-10.3)
Basal C-peptide (ng/ml) 0.8+0.7 0.9+0.6 08108 0.7+£03
(range) (0.2-3.3) (0.4-1.7) (0.1-3.7) (0.3-1)
Stimulated C-peptide (ng/ml) 1.8%1.6 1.8+1.1 1.7+14 1505
(range) (0.3-7.6) (0.9-3.4) (0.1-6.2) (0.9-2.1)

Values are mean + SD.

Differences between NA or placebo-treated groups (including patients > 15 years of age) are not significant for each of the para-

meters evaluated

Table 2. Insulin dose (IU/kg body weight)

Patient group At entry 3 months 6 months 9 months 12 months
Nicotinamide (n = 28) 0.55+0.31 0.36 £0.26 0.40+0.28 0.46+0.33 0.47+0.33
Placebo (n = 28) 0.59+0.46 0411025 0.47£0.28 0.51 £0.36 0.52+0.31

Values are mean + SD.
p = NS (analysis of variance)

Results

The results of this study are shown in Tables 1-4. The
two groups of patients did not differ at the time of di-
agnosis in respect to their clinical characteristics and
the integrated parameters of metabolic control (in-
sulin dose, HbA,, basal and/or stimulated C-pep-
tide)(Table 1). No drop outs were recorded. In both
groups after 3 months therapy there was a significant
reduction in the insulin dose compared to entry in
the trial but the NA and the placebo treated patients
did not differ in this respect (Table 2). To obtain opti-
mal metabolic control the insulin dose remained simi-
lar in the two groups after 6, 9 and 12 months therapy.
Over a 1 year observation period, basal C-peptide re-
mained substantially unchanged in NA and placebo-
treated patients (Table 3). No differences were ob-
served in the stimulated C-peptide over the 12-
month follow-up period.

When age at diagnosis was taken into account, in
patients over 15 years of age insulin dose, HbA, ;. and
C-peptide levels were not different at entry between
NA and placebo-treated groups and were compar-

able to younger patients. However, significant chan-
ges in C-peptide secretion were seen over the follow-
up period in patients over 15 years of age. Thus, gluca-
gon stimulated C-peptide levels significantly in-
creased in NA compared to placebo-treated patients
(p < 0.02 analysis of variance) although no significant
differences were found at each time point between
the two groups (Student’s t-test) (Table 3). In patients
under the age of 15 years C-peptide levels (basal and
stimulated) did not change in the two groups (data
not shown). All patients were metabolically well con-
trolled as shown by the rapid decline in HbA, _ levels
which remain unchanged thereafter (Table 4).

We then looked at whether HLLA and immune sta-
tus differed amongst older patients and those under
15 years of age, but the small number of the former
precluded such an analysis (data not shown). Bio-
chemical parameters including liver and kidney func-
tion were normal during follow-up. Finally, no ad-
verse effects were noted in patients receiving either
NA or placebo.
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Table 3. C-peptide secretion (whole group)

Patients At entry 3 months 6 months 9 months 12 months
Baseline

Nicotinamide (n = 28) 0.8£07 1.05+0.6 0.9+0.7 0.8+0.5 0.7+04
Placebo (n = 28) 0.8+0.8 15+13 0909 0.7+04 0.6+0.6
Glucagon stimulated

Nicotinamide (n = 28) 1.8+1.6 1.7+0.9 1.6x1.1 1.4%0.9 1.15+09
Placebo (n = 28) 1.7+14 24116 1.9+20 11£0.6 1.1£0.9
C-peptide secretion in patients over 15 years

Baseline

Nicotinamide (n = 6) 0.9+06 09+0.5 1.5+£09 1.1+0.7 12+0.7
Placebo (n=7) 0.7+0.3 09+04 12+05 1.0+ 04 1.1+£05
Glucagon stimulated

Nicotinamide (n = 6) 1.8+1.1 19+14 24+1.0 1.8+13 19+14
Placebo (n="7) 1.5+05 1.8+£0.6 1.8+0.8 15+0.7 1.4+07

Values (ng/ml) are mean + SD.
p = NS (analysis of variance) for both baseline and glucagon
stimulated values between the two treated groups (whole

group)

Table 4. Glycated haemoglobin (HbA!<)

p <0.02 (analysis of variance) only for glucagon stimulated
values between nicotinamide and placebo treated groups (pa-
tients over 15 years of age)

Patients Atentry 3 months 6 months 9 months 12 months
Nicotinamide (n = 28) 87+15 66112 6.6+17 67118 6.7+18
Placebo (n = 28) 89+1.6 65120 64116 69+14 7.1+0.6

Values are mean % * SD.
Differences between groups are not significant. Patients in
each group show a significant reduction in values at 3 months

This is the largest double-blind trial conducted in re-
cent-onset IDDM patients using nicotinamide (NA).
We have demonstrated that NA is able to improve
stimulated beta-cell function only in patients diag-
nosed over the age of 15 years.

In previous studies NA showed a beneficial effect
mainly in IDDM patients diagnosed after puberty,
whereas in younger children NA had no effect on
beta-cell function [1]. The patients included in our
study have a mean age of 13 years and most are
children, therefore our results confirm that in
younger recent-onset IDDM patients, when hormo-
nal secretion associated with puberty and insulin resis-
tance can interfere with the achievement of good
metabolic control, NA has no effect on beta-cell
function. However, in older patients NA can increase
transiently stimulated C-peptide secretion and this
seems to be consistent also with other reports [7, 8, 13].

The dose of NA to be employed for therapy also
requires particular attention. Thus, the concentration
of NA proven to be effective in in vitro studies is ap-
proximately 1000 times higher than peak plasma lev-
els in humans. The results of our study suggest that
in older patients a dose of 25 mg/kg NA is efficacious
at least in protecting beta cells from final end destruc-
tion. In children either the autoimmune process is
more potent or the dose is not sufficient to protect
beta cells.

compared to entry (< 0.0001) which remain unmodified there-
after (analysis of variance)

One goal of treatment at IDDM diagnosis is to
prolong the period of residual beta-cell function, re-
cognized clinically as the “honeymoon”. A reversi-
ble, toxic effect on glucose-stimulated beta-cell insu-
lin release induced by hyperglycaemia has been
clearly demonstrated in animals and in humans [15,
16]. High ambient glucose levels may favour the ex-
pression of beta-cell autoantigens, thereby increas-
ing the autoimmune insult leading to beta-cell end
stage destruction. It therefore appears that intensive
insulin replacement with tight control of hypergly-
caemia still remains of paramount importance in
newly-diagnosed IDDM patients and should be con-
sidered both in terms of hormone replacement as
well as specific intervention therapy [17]. Insulin
should be administered at maximally tolerated doses
and not withdrawn even when a very low dose is re-
quired, thus the number of patients in clinical remis-
sion or the honeymoon phase (formerly taken as evi-
dence of restoration of beta-cell function) can no
longer be used as evidence of an effect. The integrat-
ed parameters of metabolic control offer a better
way to evaluate efficacy of an adjuvant treatment as
proposed by the International Diabetes Immuno-
therapy Group.

When evaluating the cost/benefit ratio of adjuvant
intervention at the time of diagnosis of IDDM, NA
should be considered in patients who are diagnosed
after puberty. Thus, it has been suggested that in
these patients the autoimmune process is slow pro-
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gressing and consequently disease presentation is
milder compared with that in young children [18,
19]. Due to the small group of patients over 15 years
of age in this study, we cannot confirm this finding,
but nevertheless it may suggest why NA by virtue of
its protective effects on the beta cell can be effica-
cious in preserving C-peptide secretion in older pa-
tients. The early addition of NA to insulin therapy
should also be taken into account in view of the possi-
ble long-term benefit to the patient in relation to the
development of long-term diabetic complications.
First of all in clinical terms, it is easier to manage the
patient with residual beta-cell function which may be
helpful in blunting hyperglycaemic peaks. Further-
more, it should be mentioned that a reduced inci-
dence of microvascular complications has been de-
scribed in patients with some residual beta-cell func-
tion [20]. Finally, it is also worth reiterating that no
adverse effects have been encountered with the use
of NA and this is particularly encouraging for trials
currently on-going with NA in subjects genetically
and immunologically susceptible to IDDM with the
aim of preventing the disease [21].

In conclusion, evidence to date points to the safety
and efficacy of NA as an adjunct to insulin in the early
phase of IDDM to protect and improve residual C-
peptide secretion but only in patients who are diag-
nosed after puberty. However, further studies are re-
quired to find out whether NA can maintain its effect
on beta-cell secretion in the long run. Moreover,
there is still the need to see if any protective effect
on the occurrence of long-term diabetic complica-
tions may be obtained since NA is expected to im-
prove the integrated parameters of metabolic control.
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