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OBJECTIVE— Nicotinamide, a vitamin of the B group, has in vitro actions capable of
interfering with the pathogenetic process leading to IDDM. Since 1987, several studies have
evaluated nicotinamide as a means of protecting P-cells from end-stage destruction in
insulin-treated patients with newly diagnosed IDDM. The aim of the study was to determine
whether nicotinamide protects residual (3-cell function when given at IDDM diagnosis.

RESEARCH DESIGN AND METHODS— We performed a meta-analysis of the inte-
grated parameters of metabolic control (C-peptide, glycosylated hemoglobin, insulin dose) in
10 randomized (5 of which were placebo) controlled trials conducted in recent-onset IDDM
patients for a total of 211 nicotinamide-treated patients. Data on the adverse effects of nico-
tinamide were also collected from an additional four trials to yield a grand total of 291 nico-
tinamide-receiving patients.

RESULTS — One year after diagnosis, baseline C-peptide was significantly higher in nico-
tinamide-treated patients, compared with control patients (0.73 ± 0.65 vs. 0.32 ± 0.56 ng/ml,
P < 0.005). This statistical difference remained also when the five placebo-controlled trials
only were considered (P < 0.05). No differences were observed in the insulin dose required
or glycosylated hemoglobin values between nicotinamide and control patients. Adverse
effects were reported in few patients (transient elevation of transaminase, n = 2; skin rash, n =
2; recurrent hypoglycemia, n = 2).

CONCLUSIONS — This combined analysis demonstrates a therapeutic effect of nicotin-
amide in preserving residual (3-cell function when given at IDDM diagnosis in addition to
insulin. Since adverse effects were negligible, we suggest that prolonged use of nicotinamide
after IDDM diagnosis should be tested to see whether residual 3-cell function can be pre-
served for longer periods.

Nicotinamide, the amide of nicotinic
acid, was isolated in 1934 by War-
burg and Christian (1) when coen-

zyme 2 (NADP) was extracted from horse
erythrocytes.

Apart from its long-established
inhibitory effect on poly(ADP-ribose)
polymerase and its ability to restore intra-
cellular NAD+ pools, nicotinamide has
recently been found to possess a number
of actions relevant for the pathogenic
process leading to IDDM. Nicotinamide
improves (3-cell regeneration in vivo and

in vitro (2,3). Studies with isolated islets,
immune cells, and their products have
shown that nicotinamide protects islet
cells from cell lysis after exposure to oxy-
gen radicals (4,5) or nitric oxide (6,7).
Cytokine-induced functional impairments
of islets or insulinoma cells lines appar-
ently are prevented by the inhibition of
inducible nitric oxide synthase expression
in the presence of high concentrations of
nicotinamide (8-10), which also prevents
cytokine-induced major histocompatibil-
ity complex class II expression on cultured
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islet cells (11). Finally, daily administra-
tion of high doses of nicotinamide to the
nonobese diabetic mouse (a model of
IDDM) prevented or at least delayed dia-
betes development (12-14).

In the first pilot study in humans, the
administration of nicotinamide at doses of
3 g daily to patients with recent IDDM
showed a short-term beneficial effect on
the clinical remission rate (15).

In another early study, IDDM patients
treated at diagnosis with nicotinamide
showed better HbAi levels 1 year after
diagnosis compared with the control
group, despite the fact that their mean
daily insulin dose was lower than that of
the control group. Following these initial
trials, other investigations have been car-
ried out using nicotinamide in patients
with recent-onset IDDM who were stud-
ied at both clinical and partial remission
and integrated parameters of metabolic
control such as mean insulin dose, mean
baseline and stimulated C-peptide secre-
tion, and HbAi. Trials have been con-
ducted where nicotinamide alone or in
combination with other compounds was
given to children or adult IDDM patients
(17-31). There was considerable variation
in nicotinamide dose used ranging from 4
to 100 mg/kg body wt. The highest per-
centage of clinical remission (43%) was
reported in the first study published by
Vague et al. (15) where the mean age at
diabetes onset was 23 years. Studies in
children did not show an increased rate or
duration of clinical remission, despite
using similar doses of nicotinamide
(21,22). A beneficial effect in preserving
C-peptide secretion was reported in
patients diagnosed after puberty (23-26).

Since nicotinamide therapy is consid-
ered benign on the basis of the published
experience (32), oral nicotinamide has
been introduced as an attempt at secondary
prevention of IDDM in uncontrolled trials
in individuals who are immunologically
susceptible to the disease (33). As this
approach may have important implications
on both scientific and ethical grounds, a
meta-analysis of trials conducted in recent-
onset IDDM has been conducted under the
auspices of the International Diabetes
Immunotherapy Group (IDIG).
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Table 1—A summary of the various nicotinamide studies published in patients with IDDM

Study

1
2
3
4
5
6

7
8
9

10
11

12

13

14

15

16*
Total

Dose
(mg/kg)

20
1°

25

40

<1.5*
3:::

20

25
100t
25

50

60

25

25

3

50

Duration
(months)

18

12

12

6

12

12

12

12

12

12

12

36

12

12

12

9

Follow-up
(months)

60

3

0

0

0
12

24

0

0
12

60

12

0

0

0

60

I

Remarks (

+Low dose cyclosporine

+5 IDDM >6 months

Adults only,
comparison trial
Children only,
comparison trial
Dose in g/day

IDDM duration >1 year

Nicotinamide
patients

'sample size)

10

10

28

20

18
11

14

30

23

47

35

9

7

11

7

11

291

Age
(years) (range)

18.3 ± 6.7
22.1 ±7.9
13.2 ±6.7
10.0 ± 6.0
12.5 ±3.7
23(18-30)

14(11-17)
18.9 ± 7.8
18.0 ±8.0
18.9 ±10.6
22.2 ±1.1

(22-48)

23.2 ± 4.8

11.0 ±1.7

22.1 ±6.2

29.8 ±7.3

Control
patients

(n)

10

10

28

29

17

10

10

30
13
9

59

7

—

—

9

12

Age
(years) (range)

15.5 ±5.0
22.5 ±8.0
13.2 ±6.5
10.0 ±6.0
10.8 ±3.5
13.0 ±7.0

14(11-17)
18.0 ±8.8
18.0 ±7.0
17.0 ±5.0
24.9 ± 0.9

(22-48)

—

—

24.8 ±5.1

26.8 ±6.2

Type of study Reference

Placebo-controlled

n

n

ii

Randomized
controlled (open)

"
II

II

Historical control
patients

Historical control
patients
No control patients/
comparison trial

No control patients/
comparison trial

Historical control
patients

Placebo-controlled

18
28
26
22
21
29

31
25
16
27
23

30

24

24

15

17

Age data are means + SD. "Dose in g/day. tTotal dose in mg/day. fData related to this paper were not included in the meta-analysis because patients were investigated 1
year after diagnosis. NA, data not available.

RESEARCH DESIGN AND
M E T H O D S — A questionnaire was
sent to the principal investigators of all
published trials in peer review journals and
to those of abstracts presented at diabetic
conferences. The questionnaire, designed
to supplement what was already pub-
lished, was aimed to evaluate data related
to the safety and long-term metabolic

effects of nicotinamide in patients with
IDDM. Questions were asked on nicotin-
amide dose, duration of treatment, bio-
chemical parameters studied, suspected or
proven adverse effects of nicotinamide
intake, baseline and stimulated C-peptide
measurements, and integrated measures of
metabolic control such as HbAj and mean
insulin dose. There was no case in which

data was available from a publication
where the principal investigator did not
respond to the questionnaire. The included
data were subject to three criteria: 1) the
study was a randomized controlled trial; 2)
the mean measurement must include stan-
dard deviations (SDs) (when SDs were not
available and data on questionnaires were
incomplete, this was omitted from the

Table 2—Clinical characteristics for the control and nicotinamide patients at diagnosis and after 6 and 12 months

Age

HbAk. (%)

Insulin (IU/kg)

CP0 (ng/ml)

CP6 (ng/ml)

Diagnosis
Control patients

15.57 ±6.71
(156) [9]

12.88 ±2.24
(127) [8]

0.52 ±0.32
(127) [8]

0.62 ±0.50
(137) [9]

1.36 ±0.84
(127) [8]

Nicotinamide patients

14.66 ±7.91
(230) [9]

12.49 ±2.49
(181) [8]

0.50 ±0.25
(181) [8]

0.50 ± 0.64
(191) [9]

1.50 ±1.01
(176) [8]

6
Control patients

7.15 ±1.30
(109) [7]

0.44 ±0.25
(106) [7]

0.47 ± 0.40
(119)[8]

1.76 ± 1.40
(91) [5]

months
Nicotinamide patients

6.45 ±1.51
(137) [7]

0.43 ± 0.22
(148) [7]

0.76 ±0.56
(146) [8]

2.16 ±0.93
(102) [5]

12
Control patients

6.32 ±1.07
(107) [6]

0.50 ±0.31
(107) [6]

0.32 ±0.56
(127) [8]

0.79 ±1.13
(107) [6]

months
Nicotinamide patients

6.24 ±1.70
(148) [8]

0.49 ± 0.28
(151) [8]

0.73 ±0.65
(158) [9]*

0.96 ± 0.88
(134) [7]

Data refer to the five randomized and five placebo-controlled trials only. For each cell, data are weighted means ± weighted SD (no. of patients) [no. of trials].
< 0.025 from corresponding Table 5.
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Table 3—The f$-cell function (baseline and stimulated C-peptide) in nicotinamide and control patients at diagnosis and after 6 and 12
months

Diagnosis 6 months 12 months
Control patients Nicotinamide patients Control patients Nicotinamide patients Control patients Nicotinamide patients

CPO 100 ± 80 (137) [9] 81 ± 104 (191) [9] 76 ± 64 (119) [8] 122 ± 90 (146) [8] 52 ± 91 (127) [8] 117 ± 104(1*58) [0]-
CP6 100 ± 62 (127) [8] 111 ±74 (176) [8] 130 ± 103 (91) [5] 159 ± 68 (102) [5] 58 ± 84 (107) [6] 71 ± 6!5 (134) [7]

Data refer to the five randomized and five placebo-controlled trials only. Control means at diagnosis equal 100%. For each cell, data arc weighted means +
weighted SD (no. of patients) [no. of trials]. *P < 0.025 from the corresponding Table 5.

analysis; thus, a varying number of trials
resulted for each measurement and time
combination); and 3) no unpublished data
related to the integrated parameters of
metabolic control were considered for
meta-analysis. In statistics, meta-analysis is
a relatively new technique. Its purpose is to
combine diverse (and sometimes conflict-
ing) results to obtain an overall view. The
technique addresses two questions. First, is
there a marked difference between nicotin-
amide and control patients and, secondly,
how much difference (if any) exists
between the various studies?

The first part of the meta-analysis
technique is analogous to a paired Stu-
dent's t test in that each study's nicotin-
amide group is directly compared with its
own control. Additionally, the variation
and sample sizes are taken into account
and yield a standardized difference, which
in some ways is similar to a normal score.
The advantage of the standardized differ-
ence is that measurements in different
scales may be analyzed together without
conversion of units, for example, C-pep-
tide measurements.

In statistics, there is a need for a meas-
ure of variation around mean estimates,
hence an approximate 95% confidence
interval (CI) is computed. This also acts as
an informal test of statistical significance.
More formally, the standardized difference
is tested against no difference via a x2 dis-
tribution, and its statistical significance (if
any) is noted.

The second part of the meta-analysis
technique pertains to the variation
between the different studies. Again, the
test statistic is compared with the x2 distri-
bution. If there is statistical significance,
then the studies are heterogenous. If so,
this requires an allowance for heterogene-
ity to be made and the statistics mentioned
previously need to be recomputed. The
heterogeneity test is analogous to one
analysis of variance with a random effects
model. The meta-analysis technique is
described more fully in Whitehead and
Whitehead (34).

By way of example, let us consider the
percentage HbAlc at month zero (diagnosis
in Table 5). The standardized difference
between nicotinamide and control patients
is 0.05 in a unitless measure. This figure
suggests a slight elevation of HbAlc on aver-
age for nicotinamide patients. The second
statistic is an approximate 95% CI, where
the lower and upper bounds are —0.19 and
0.28, respectively. As this CI includes zero,
this indicates no real difference between
nicotinamide and control patients at month
zero. The third statistic, U, is a formal statis-
tical test based on the x2 distribution with 1
df. In this instance, U = 0.17 confirms that
there is no difference between the two treat-
ments. Lastly, the Q statistic, a test for het-
erogeneity, yields a value of 6.53 based on
eight trials, which implies 7 df for the x2

distribution. This value suggests that there
is no significant heterogeneity observed
between the trials. The same examination

of HbAk. at six months, however, produces
a different result. The initial analysis yielded
a Q statistic with the value of 49.75 with 6
df. This is highly statistically significant
(i.e., P < 0.001) and indicates considerable
heterogeneity between the included trials.
After allowing for the heterogeneity, the
meta-analysis is performed again and yields
revised statistics. In the results section, all
levels of statistical analysis are recorded.

RESULTS— All contacted principal
investigators responded to our request to
collaborate in this meta-analysis and
returned the questionnaire.

Table 1 shows a summary of the vari-
ous nicotinamide studies in recent-onset
IDDM patients. While data from all trials
could be used for the analysis of possible
adverse effects, only trials with randomized
controls (n = 10) were evaluated for possi-
ble therapeutic effects of nicotinamide.

Table 2 reports the mean, SD, and total
sample size of percentage I IbAlo units of
insulin, baseline and stimulated C-peptide
levels for both nicotinamide-treated and
control patients at diagnosis (time zero)
and after 6 and 12 months. These are
weighted measurements, so that the preci-
sion (SD) and the sample size affect the
importance of each study measurement.

Table 3 looks at standardized baseline
and stimulated C-peptide measurements
with respect to control measurement at
time zero (diagnosis) evaluated in the ten
randomized trials. Both the means and

Table 4—The $-cell function (baseline and stimulated C-peptide) in nicotinamide and control patients at diagnosis and after 6 and 12
months

Diagnosis 6 months 12 months
Control patients Nicotinamide patients Control patients Nicotinamide patients Control patients Nicotinamide patients

CPO
CP6

100 ± 89 (65) [4]
100 ± 81 (55) [3]

107 ± 82 (66) [4]
122 ± 92 (56) [3]

87 ± 52 (48) [31
74 ± 137 (38) [2]

108 ± 105 (48) [3]
139 ± 81 (38) [2]

73 ± 69 (65) [4]
52 ± 54 (55) [3]

131 ±98(66) [4]s

83 ± 5 1 1 % ) [31

Data refer to the five placebo-controlled trials only. Control means at diagnosis equal 100%. For each cell, data are weighted means ± weighted SD (.no. of patients)
[no. of trials). "P < 0.05 from the corresponding Table 6.
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Table 5—Results for the standardized difference between nicotinamide and control patients
for the integrated parameters of metabolic control at diagnosis and after 6 and 12 months

Integrated parameters
of metabolic control

HbAu. (%)
Standardized difference
Approximate 95% CI
U statistic (treatment)
P
Q statistic (heterogeneity) [n]
P

Insulin (U)
Standardized difference
Approximate 95% CI
U statistic (treatment)
P
Q statistic (heterogeneity) [n]
P

Basal C-peptide
Standardized difference
Approximate 95% CI
U statistic (treatment)
P
Q statistic (heterogeneity) [n]
P

Stimulated C-peptide
Standardized difference
Approximate 95% CI
U statistic (treatment)
P
Q statistic (heterogeneity) [n]
P

Diagnosis

0.05
(-0.19,0.28)

0.17
NS

6.53 [8]
NS

0.04
(-0.20,0.27)

0.09
NS

4.11 [8]
NS

-0.15
(-0.72,0.42)

0.26
NS

48.29 [9]
<0.001

0.35
(-0.05,0.75)

2.96
NS

19.07 [8]
<0.01

6 months

0.08
(-0.67, 0.83)

0.04
NS

49.75 [7]
<0.001

-0.23
(-0.47,0.01)

3.67
NS

8.27 [7]
NS

0.20
(-0.44, 0.84)

0.37
NS

45.85 [8]
<0.001

0.56
(-0.12, 1.25)

2.63
NS

21.36 [5]
<0.001

12 months

-0.71
(-1.95,0.53)

1.27
NS

107.55 [6]
<0.001

-0.18
(-0.44, 0.09)

1.74
NS

3.98 [6]
NS

0.40
(0.08, 0.73)

5.86
<0.025
12.06 [8]

NS

0.64
(-0.35, 1.63)

1.61
NS

68.27 [6]
<0.001

Data are weighted measurements and refer to the five randomized and the five placebo-controlled trials;
n denotes the number of trials per statistic.

1.4-

1.2

1.0

,8

.6

.4

.2

nn
C(137) NA(191)

Diagnosis

• — - — : _ . . :

C(91) NA(if8)

6 Months

i i i

• ,

C(99) NA(130)

12 Months

Figure 1—Residual $-cell function, as assessed by baseline C-peptide secretion in nicotinamide-
treated ('. .) and control ( • ) IDDM patients. Number in parenthesis refers to patients analyzed at
each time point. Boxplots arc comprised of "boxes" that contain 50% of values falling between the 25th
and 75th percentiles and "whiskers" (the lines extendingfrom the boxes) that represent the highest and
lowest values, excluding outliers. The line across each box indicates the median.

SDs are all divided by the control mean at
diagnosis and multiplied by 100. Table 4
is similar to Table 3, except that only the
five placebo-controlled trials were consid-
ered. Table 5 consists of the results of the
ten randomized trials meta-analysis for
HbAlc, units of insulin, and baseline and
stimulated C-peptide for 0, 6, and 12
months. Table 6 is similar to Table 5,
except that again only the five placebo-
controlled trials were considered.

Overall, only baseline C-peptide 1
year after diagnosis showed a significant
increase in nicotinamide receiving com-
pared with control patients. For the ten
randomized trials, the nicotinamide
patients had a mean ± SD of 0.73 ± 0.65
ng/ml, and the control groups' corre-
sponding descriptive statistics were 0.32 ±
0.56 ng/ml, with a statistical significance
of P < 0.005. For the five placebo-con-
trolled trials only the corresponding statis-
tical significance level drops to P < 0.05,
attributable to the low patient number.
While C-peptide secretion declines strik-
ingly between 6 and 12 months in control
patients, patients receiving nicotinamide
maintained their level of C-peptide secre-
tion over a 12-month period. Such an
effect of nicotinamide is limited to baseline
C-peptide secretion, as stimulated C-pep-
tide levels at 1 year did not differ between
nicotinamide-treated and control patients.
However, it should be mentioned that, at 6
months, there was a statistically significant
increase (P < 0.005) in the stimulated C-
peptide in nicotinamide-treated patients
that was attributable to one study only.
Possible adverse effects with nicotinamide
treatment were not reported but in 6 cases
(Table 7); they were transient and did not
require the suspension of treatment.

In Fig. 1, data on C-peptide are pre-
sented in boxplots for nicotinamide and
control patients. Boxplots represent sum-
mary plots based on the median, quartiles,
and extreme values. Boxplots also convey
information about spread and skewness.
Boxplot output also identifies outliers and
extreme values. Outliers are study means
with values between 1.5 and 3.0 box-
lengths from the upper or lower edge of
the box. Extreme values are study means
with values more than 3 box-lengths from
the upper or lower edge of the box.

With regard to Fig. 1, there are three
outliers in the control groups. The upper
outlier at diagnosis had a value of 1.1
ng/ml and corresponds to one study (29).
On the other hand, the lower outliers for
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Table 6—Results for the standardized difference between nicotinamide and control patients
for the integrated parameters of metabolic control at diagnosis and after 6 and 12 months

Integrated parameters
of metabolic control

HbAic (%)
Standardized difference
Approximate 95% CI
U statistic (treatment)
P
Q statistic (heterogeneity) [n]
P

Insulin (U)
Standardized difference
Approximate 95% CI
U statistic (treatment)
P
Q statistic (heterogeneity) [n]
P

Basal C-peptide
Standardized difference
Approximate 95% CI
U statistic (treatment)
P
Q statistic (heterogeneity) [n]
P

Stimulated C-peptide
Standardized difference
Approximate 95% CI
U statistic (treatment)
P
Q statistic (heterogeneity) [n]
P

Diagnosis

-0.09
(-0.46, 0.28)

0.23
NS

0.94 [3]
NS

-0.13
(-0.50, 0.24)

0.45
NS

1.19 [3]
NS

0.15
(-0.49, 0.79)

0.22
NS

9.50 [4]
<0.025

0.57
(-0.53, 1.67)

1.05
NS

15.91 [3]
<0.001

6 months

0.15
(-0.30, 0.60)

0.45
NS

0.05 [2]
NS

-0.38
(-0.87,0.10)

2.38
NS

0.95 [2]
NS

0.08
(-0.32, 0.48)

0.15
NS

0.53 [3]
NS

0.59
(-1.01,2.20)

0.53
NS

9.91 [2]
<0.005

12 months

-0.15
(-0.52,0.23)

0.59
NS

0.69 [3]
NS

-0.22
(-0.60,0.15)

1.36
NS

1.81 [3]
NS

0.35
(0.01,0.69)

4.04
<0.05

4.29 [4]
NS

0.75
(-1.11,2.61)

0.63
NS

45.73 [3]
<0.001

Data are weighted measurements and refer to the five placebo-controlled trials only; n denotes the number
of trials per statistic.

both diagnosis and 6 months were 0.28
and 0.19 ng/ml, respectively, and belong
to another study (31).

CONCLUSIONS— The combined
analysis of ten randomized (of which five
were placebo) controlled trials of nicotin-
amide in recent-onset IDDM indicates a
therapeutic effect of nicotinamide treat-
ment as C-peptide secretion 1 year after
diagnosis is significantly higher in nicotin-
amide-treated patients compared with
patients receiving insulin only. The same
result was obtained when placebo-treated
studies were analyzed only. This effect of
nicotinamide treatment was primarily
attributed to an initial increase and later
preservation of basal C-peptide levels,
while there was a steady loss of 3-cell
function in the control group patients.
Interestingly, there was no significant dif-
ference in stimulated C-peptide secretion

between groups. In accordance with the
latter finding, the insulin dose required to
achieve optimal metabolic control was
similar, as judged by the HbAlc levels
between the two treated groups.

The preservation of f$-cell function, as
indicated by C-peptide secretion in
patients receiving nicotinamide, became
apparent only after 12 months of treatment

at a time when the aggressiveness of the
immune attack against (3-cells is severely
diminished following the decrease in sev-
eral autoimmune phenomena (35,36). In
this context, it is of interest to note that the
only study of nicotinamide treatment
started in patients with residual insulin
secretion at 12-49 months after IDDM
onset showed a significant protection of (3-
cell activity (17). As found in the present
meta-analysis, the difference in C-peptide
secretion between nicotinamide- and
placebo-treated groups was attributable to
the loss of pi-cell function in placebo-
receiving patients over time. Again, as
reported with this meta-analysis, there was
no significant reduction of the daily insulin
dose, but metabolic control improved.
Taken together, we conclude that nicotin-
amide treatment maintains (3-cell function
in diabetic patients without increasing
maximal insulin secretory capacity (i.e.,
without increasing (3-cell mass). Such an
effect may be caused by the known stabi-
lizing effect of nicotinamide on NAD+ lev-
els in islet cells by virtue of slowing down
NAD+ consumption during inflammatory
stress (7). The preservation of (3-cell func-
tion by nicotinamide treatment may
become clinically relevant if the treatment
period is extended beyond 1 year.

Unfortunately, none of the studies has
addressed the question whether continuous
nicotinamide treatment would preserve
residual (3-cell function for several years.
Such an outcome appears probable to us,
assuming a continuing but less aggressive
inflammatory condition in the second and
third year after clinical disease onset but a
consistent protective effect of nicotinamide.
In that event, nicotinamide could qualify as
an adjunct to insulin therapy in the first
years of the disease, provided that nicotin-
amide treatment is safe. Only cyclosporin A
and intensive insulin therapy in one single
study (38) have been shown to protect
residual (3-cell function in patients with

Table 7—A summary of possible adverse effects of nicotinamide from 291 treated patients

Study
number Side effects

Number
of patients Dosage Duration

2 and 6

7
12

Skin rash

Recurrent hypoglycemia
Liver serum AST and ALT levels

slightly elevated (transient)

2

2
2

3 and 1 g/day,
respectively
20 mg/kg
60 mg/kg
body wt

Few days and 1
week, respectively

1 week
1 month

AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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recent-onset IDDM. However, the adverse
effects of cyclosporin A made this approach
unrealistic on a clinical basis.

The age of onset of IDDM is another
important factor to consider in respect to
the residual (3-cell mass left at diagnosis.
Maintenance of C-peptide secretion by
nicotinamide may be more efficacious in
patients diagnosed around the time or
just after puberty, compared with very
young children where the process of p-
cell destruction is thought to be more
active (37).

The present study analyzed possible
adverse effects of nicotinamide for a total
of 291 patients with a mean treatment
period of 11.2 months. It is of interest that
adverse effects were minimal, reported in
only 6 patients, and transient. Since
adverse effects were negligible, we suggest
that the prolonged use of nicotinamide
after IDDM diagnosis should be tested to
see whether residual f}-cell function can
be preserved for longer periods.

Finally, the results of this meta-analy-
sis support the rationale and safety of the
ongoing large multicenter trials of nicotin-
amide for the prevention of IDDM. The
European Nicotinamide Diabetes Inter-
vention Trial and the German multicenter
trial, which began in 1993 (39), will pro-
vide an answer by 2001 at the latest.
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APPENDIX:
THE NICOTINAMIDE TRIALISTS
The principal investigators of the nicotin-
amide trials in IDDM who provided data for
this analysis were: JJ. Barbosa (Minneapo-
lis, MN), H.E Chase (Denver, CO), G.
Ghirlanda (Rome, Italy), R. Gomis
(Barcelona, Spain), E. Guastamacchia (Bari,
Italy), T. Hanafusa (Osaka, Japan), H. Ilkova
(Istanbul, Turkey), C. Taboga (Udine, Italy),
P Vague (Marseilles, France), B. Vialettes
(Marseilles, France), T. Yilmaz (Istanbul,
Turkey), and the IMDIAB (Immunotherapy
of Diabetes) Group (Rome, Italy).
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