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Abstract

Aims/hypothesis. Induction of tolerance to insulin is
achievable in animal models of Type I (insulin-
dependent) Diabetes mellitus by oral treatment with
this hormone, which can lead to prevention of the dis-
ease. In the Diabetes Prevention Trial of Type I dia-
betes (DPT-1), oral insulin is given with the aim of
preventing disease insurgence. We investigated
whether if given at diagnosis of Type I diabetes in hu-
mans, oral insulin can still act as a tolerogen and
therefore preserve residual beta-cell function, which
is known to be substantial at diagnosis.

Methods. A double-blind trial was carried out in pa-
tients (mean age + SD: 14 + 8 years) with recent-
onset Type I diabetes to whom oral insulin (5 mg dai-
ly) or placebo was given for 12 months in addition to
intensive subcutaneous insulin therapy. A total of 82
patients with clinical Type I diabetes ( < 4 weeks du-
ration) were studied. Basal C peptide and glycated
haemoglobin were measured and the insulin require-
ment monitored every 3 months up to 1 year. Insulin
antibodies were also measured in 27 patients treated
with oral insulin and in 18 patients receiving placebo

at the beginning of the trial and after 3, 6 and
12 months of treatment.

Results. The trial was completed by 80 patients. Over-
all and without distinction between age at diagnosis,
at 3, 6, 9 and 12 months baseline mean C-peptide se-
cretion in patients treated with oral insulin did not
differ from that of those patients treated with place-
bo. In patients younger than 15 years a tendency for
lower C-peptide values at 9 and 12 months was ob-
served in the oral insulin group. Insulin requirement
at 1 year was similar between the two groups as well
as the percentage of glycated haemoglobin. Finally,
IgG insulin antibodies were similar in the two groups
at each time point.

Conclusion/interpretation. The results of this study in-
dicate that the addition of 5 mg of oral insulin does
not modify the course of the disease in the first year
after diagnosis and probably does not statistically af-
fect the humoral immune response against insulin.
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The use of insulin, given either subcutaneously or
orally, in subjects at risk for Type I diabetes has been
recently introduced in the Diabetes Prevention Trial
of Type I diabetes (DPT-1) trial, a large multinational
trial in the United States, with the aim of preventing
the destruction of beta cells and the clinical onset of
the disease [1]. The rationale for the use of insulin in
these patients is to induce beta-cell rest and/or toler-
ance to the hormone and its peptides [2] which are
thought to be important targets of the autoimmune
response leading to beta-cell destruction [3]. In ani-
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Table 1. Baseline clinical characteristics and metabolic control at entry of the trial in the two groups of patients

Oral insulin Placebo

Number of patients 36

Sex (number of males) 17

Age (years + SD) 141179 13.8+7.6
Duration of symptoms before diagnosis (days) 345+34.6 38.8+425
Blood glucose at diagnosis (mmol/l) 20.7+£9.4 22.1+83
Insulin dose (U - kg™ - day™!) £ SD 0.63+0.3 0.55+0.3
Glycated haemoglobin (%) £ SD 9.9+£0.5 9.0+0.5
Basal C peptide (nmol/l) + SD 023+0.3 0.17£0.15

Values between groups are not statistically different

mal models, this approach was shown to be effective
in halting the process leading to Type I (insulin-de-
pendent) diabetes mellitus [4]. Furthermore, oral in-
sulin was able to reduce the extent and modify the
type of lymphocytic infiltration in the pancreas of sus-
ceptible mice [5].

The International Diabetes Immunotherapy
Group suggested that approaches to prevent Type I
diabetes should first be tested in recent-onset Type I
diabetic patients and, if effective, applied to pre-dia-
betic people [6]. In our study we evaluated the effects
of oral insulin treatment at clinical onset of Type I di-
abetes, which could aid in reducing the further de-
struction of beta cells that generally occurs within
the first 12 months after diagnosis. In patients with
recent-onset Type I diabetes, simultaneous treatment
with subcutaneous and oral insulin might have con-
siderable effects, as the former could improve meta-
bolic control and the latter induce tolerance. As dis-
turbances in the gut immune reactivity could be rele-
vant in the pathogenesis of Type I diabetes [7], induc-
tion of oral tolerance with a specific antigen, such as
insulin, could be appropriate for this disease. It is
therefore the aim of this double-blind randomized
trial to find out whether treating patients who have
recent-onset Type I diabetes with oral insulin in addi-
tion to identified subcutaneous insulin therapy [8]
could improve metabolic control, as measured by gly-
cated haemoglobin value, insulin dose and C peptide
concentration. The effects of such treatment on the
rate of spontaneous clinical remission (suspension of
insulin therapy) and on the extent of humoral im-
mune response against insulin were also evaluated.

Subjects and methods

Selection of patients. Patients with recent-onset Type I diabetes
(n = 82) were recruited by 8 participating centres of the IMDI-
AB Group and 1 affiliated centre. Each centre contributed
with nearly equal numbers of patients to the study. Inclusion
criteria were the following: (1) diagnosis of the disease accord-
ing to the World Health Organisation (WHO) criteria, with
age at presentation between 5 and 35 years, (2) duration of
clinical disease (since the beginning of insulin therapy) less
than 4 weeks, (3) no medical contra-indications (including

pregnancy) or any other major chronic disease, (4) willingness
and capability to participate in regular follow-up.

Patients’ baseline clinical characteristics and metabolic
control at entry of the trial are shown in Table 1.

Study design and treatment protocol. The study was endorsed
by the Italian Ministry of Health and approved by the central
ethics committee at the Gemelli Policlinic, The Catholic Uni-
versity of the Sacred Heart, Rome. After informed consent
had been obtained and baseline measurements completed, a
permuted-block design was used to blindly assign patients to
each of the two treatment groups. A random number table
was adopted with a prepared list and a randomization code
was assigned to each participating centre. Of the patients 46 re-
ceived 5 mg daily of oral insulin and 36 placebo. Oral treat-
ment began within 4 weeks of diagnosis in both groups and
lasted 12 months. All patients also received intensive subcuta-
neous insulin therapy as soon as possible after diagnosis to op-
timize metabolic control and maintain blood glucose concen-
trations as near to normal as possible (see below).

Guidelines for insulin therapy. All participating centres used
the same treatment protocol as in our previous IMDIARB trials
[9, 10] based on the following rules: if pre-prandial blood glu-
cose values were below 6.5 mmol/l, the insulin dose was de-
creased by 10%; if blood glucose concentrations were consis-
tently below 4.5 mmol/l for more than 3 days the insulin dose
was decreased by 20 %. Insulin therapy was not discontinued
unless 2-h postprandial blood glucose concentrations mea-
sured at home were consistently below 7.5 mmol/l. Patients
with blood glucose above 10 mmol/l received a 10% increase
in insulin dose or had their insulin regimen modified. Frequent
telephone consultations were arranged with patients to adjust
the insulin dose as required.

Investigations and follow-up. Patients included in the study
were followed up by the staff of the centre where they were en-
rolled. Patients were started on a 55 % carbohydrate diet and
received three to four injections daily of regular plus interme-
diate insulin. Each patient recorded capillary glucose concen-
tration at fasting and before and after meals daily, for a total
of at least 20 weeks. The subcutaneous insulin dose was adjust-
ed to obtain near-normal blood glucose concentrations.
Patients were examined weekly for the first month of thera-
py and then monthly by the same team of physicians in each
participating centre. Drug toxicity was evaluated at follow-up
visits, by liver and renal function tests and total blood count.
Glycated haemoglobin (HbA,.) (normal range 4-7%) was
measured every 3 months by a column assay (Bio-Rad, Milan,
Italy), and basal C peptide concentration was evaluated after
euglycaemia was achieved before entry into the trial, and at
3-monthly intervals for 1 year thereafter. C peptide concentra-
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Table 2. Metabolic outcomes during follow-up

Oral insulin Placebo

Number of patients 44 36
Insulin dose (U/kg) £ SD

3 months 044+0.3 0.37+£0.2

6 months 0.48+0.3 0.43+0.2

9 months 0.54+0.3 0.52+0.3
12 months 0.61+£0.2 0.58 £0.3
Glycated haemoglobin (%) £ SD

3 months 62+18 58+1.5

6 months 6.5+1.5 63+1.5

9 months 71+1.6 7115
12 months 7613 7115
Basal C peptide (nmol/l) = SD

3 months 0.30+£0.2 0.30+£0.2

6 months 0.30+0.2 0.30+£0.2

9 months 020+0.2 0.25+0.2
12 months 0.17+£0.2 0.22+0.2

Values between the two groups are not statistically different
for insulin dose, HbA, ., C peptide concentration

tion was measured by radioimmunoassay, using a commercial-
ly available kit (Bio-Rad). The normal range of fasting C pep-
tide established in 150 control subjects, 71 females and
79 males, aged 5-40 years, median 18 years, with no family his-
tory of Type I diabetes was 0.35-1 nmol/l with intracoefficients
and intercoefficients varying between 10% and 15 %, respec-
tively.

Insulin antibodies. Insulin antibodies (IA), expressed as a con-
centration of units/5 pl serum, were measured in serum sam-
ples drawn from 27 patients treated with oral insulin and 18 re-
ceiving placebo at the beginning of the trial and after 3, 6 and
12 months of treatment and stored at —20°C. A modification
of the micro-radio-binding assay of Williams [11] was used as
described previously [12]. The threshold and 99" centile of 97
control subjects, 51 females and 46 males, aged 2-48 years, me-
dian 21 years, with no family history of Type I diabetes, was
calculated at greater than 4.4 insulin antibody units.

Evaluation of response to therapy. Response to therapy was
monitored throughout the study by investigating the occur-
rence of clinical (complete) remission defined, according to
the recommendations of the International Diabetes Immuno-
therapy Group (IDIG), as restoration of normal fasting and
postprandial blood glucose concentration without any insulin
treatment for more than 2 weeks [6]. Moreover, metabolic con-
trol (C peptide, HbA, . and insulin dose) was evaluated at
3-monthly intervals.

Sample size and statistical analysis. The number of patients to
be included in the study was calculated from an analysis of re-
sults of trials published in the past (courtesy of IDIG Registry).
Setting alpha (probability of a type I error) equal to 0.05 and
beta (probability of a type II error) equal to 90 %, the required
sample size was 74 patients for a two-sided test. To ensure the
appropriate sample size, 82 patients were recruited to allow
for drop outs.

Results obtained in the different treatment groups were
analysed blind by a team of statisticians. Differences in clinical
remission proportions between patient groups were evaluated
by the one-sided Fisher’s exact probability test. For the analy-
sis of the integrated measures of metabolic control (C peptide,
HbA, and insulin dose), an analysis of variance was done; for
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measuring differences between groups at different time inter-
vals, the Mann-Whitney U test was used.

For the analysis of antibody results, median antibody val-
ues in the two groups at each time point were compared using
the Mann-Whitney U test, whereas proportions of patients
with IA at each time point were compared using Fisher’s exact
probability test.

Results

Recruitment lasted 1 year. There were no significant
differences between the two groups of patients in
baseline clinical characteristics and metabolic control
at the time of enrollment (Table 1). None of the pa-
tients suffered from any other autoimmune disease.

Dropouts. Only two patients withdrew from the study
and this was because of poor compliance.

Metabolic data. Clinical remission was observed in
one patient (lasting 3 months) in the oral insulin
group and one patient (lasting 8 months) in the place-
bo group. Insulin requirement was significantly re-
duced in all patients after 3 months of treatment com-
pared with the beginning of the trial but the patients
treated with oral insulin and placebo did not differ in
this respect (Table 2). The subcutaneous insulin dose
required to obtain optimal metabolic control was
similar in the two groups at 6, 9, and 12 months. Basal
C-peptide secretion over 1 year of follow-up had a
similar pattern in both groups of patients, with an ini-
tial increase (compared with diagnosis), followed by a
steady decrease which was slightly more pronounced
in the oral insulin group. When age at diagnosis was
taken into account, insulin dose, HBA, . values and
C-peptide concentrations in patients older than
15 years (n = 28) were not different at the beginning
of the trial between oral insulin (n = 16) and place-
bo-treated (n = 12) patients and did not change there-
after. In patients younger than 15 years (n =52), C-
peptide concentrations after 9 and 12 months tended
to decline more in the oral insulin (n =28) than in
the placebo group (n =24), although the difference
between the two groups did not reach statistical sig-
nificance (Fig.1). Good metabolic control was
achieved by all patients, as shown by the rapid de-
cline in HbA, . values after diagnosis, which persisted
until the end of the study. Finally, no adverse effects
were noted in patients receiving either oral insulin
or placebo.

Insulin antibodies. Insulin antibodies were detectable
at disease onset in 17 out of 27 (63 %) patients receiv-
ing oral insulin and 8 out of 18 (44 % ) receiving place-
bo; the humoral response against insulin increased
during the study in 23 of the patients receiving oral
insulin and 15 of those treated with placebo. No dif-
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Fig.1. Basal C-peptide concentration (mean + SD) in patients
younger than 15 years treated with oral insulin (n = 28, ——)
and placebo (n =24, —@—). Values were lower at 9 and
12 months in the patients treated with oral insulin, however
they were not statistically different from those patients treated
with placebo
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Fig.2. Box-whisker plot of insulin antibodies measured at var-
ious time points in patients treated with oral insulin (filled box-
es) or placebo (open boxes). Values between the two groups
were not statistically different at any time point

ferences were observed between the two groups in
the proportion of patients with IA or in the median
insulin antibody concentrations at all time points, al-
though a trend towards lower antibody concentra-
tions was evident in the group treated with oral insu-
lin after 3, 6 and 12 months of treatment (Fig.2).
When antibody results were analysed according to
age at diagnosis (15 years), levels of IA after 3, 6 and
12 months were higher in younger patients (n = 32)

1003

than in older subjects (n=13) (p <0.02 at all time
points) but no significant differences were observed
between patients treated with oral insulin and those
treated with placebo when subdivided by age (data
not shown).

Discussion

This double-blind trial with oral insulin in patients
with recent-onset Type I diabetes was designed to as-
sess whether the addition of oral insulin at the time of
clinical diagnosis could maintain or even improve the
residual beta-cell function which is usually detectable
in these patients. Oral insulin had no effect on residu-
al beta-cell function, as assessed by C-peptide secre-
tion. Furthermore, patients treated with oral insulin
who were younger than 15 years at diagnosis showed
a tendency for a more pronounced decline of basal
C-peptide concentrations 9 and 12 months after diag-
nosis compared with patients matched with them for
age but treated with placebo, although this difference
was not statistically significant. We did not measure
stimulated C peptide but limited the investigation to
baseline C peptide concentrations. These were mea-
sured under strict and controlled conditions of fasting
blood glucose less than 180 mg/kg at the time of sam-
pling (if blood glucose concentration was higher sam-
pling for C peptide was postponed). The night before
the test patients were also advised to have a light
meal and avoid any unnecessary stress. In the light
of the results of baseline C-peptide concentrations it
is doubtful that oral insulin had an effect on those of
stimulated C-peptide. Older patients also did not
benefit from the addition of oral insulin: thus, this an-
tigen-based therapy, which is supposed to induce tol-
erance to a key antigen (e.g. insulin) in Type I diabe-
tes, seems to be ineffective (at least at the doses used
in this trial) in protecting residual beta-cell function
in patients with recently diagnosed disease.

There are a number of possibilities to explain
these findings. One is that the oral insulin daily dose
used in this trial (5 mg) was not sufficient. Several ex-
perimental data have indicated that the dose of anti-
gen is a critical factor for tolerance induction in au-
toimmune diseases [13]. A similar trial in France, in
which two doses of oral insulin (2.5 mg and 7.5 mg)
were used and preliminary data presented in abstract
form did not show any effect [14]. As the addition of
oral insulin does not influence metabolic control,
higher doses of oral insulin should possibly be tested.
The use of an adjuvant carrier to increase the tolero-
gen capacity of insulin is also worth consideration
for tolerance induction, with implications for clinical
use [15].

Another possibility is that at the time of clinical di-
agnosis of Type I diabetes residual beta-cell mass is so
small that the efficacy of this treatment cannot be de-
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tected. This might be different in pre-Type I diabetes,
in which beta-cell mass is almost unaffected and the
spreading of the autoimmune response to a number
of other antigens, which generally amplifies the rate
of beta-cell destruction, is still limited. In such a case
tolerance induction might still be possible with insu-
lin. It is, however, of concern that in our trial treat-
ment with oral insulin seemed to accelerate the de-
cline of beta-cell function, at least in the very young
subjects, because insulin is considered to be the major
target of the autoimmune attack against beta cells, es-
pecially in young patients. In other autoimmune con-
dition(s) the addition of oral antigens has induced an
accelerating effect on disease progression [16]. A rea-
sonable concern is that if oral insulin has no or nega-
tive effects on the natural course of beta-cell destruc-
tion in the first year after diagnosis it might have sim-
ilar effects when given before the onset of overt hy-
perglycaemia. The trend towards lower A responses
observed in patients treated with oral insulin might
reflect a modulation of the response induced against
exogenous insulin. The reduction was, however, not
statistically significant, so it is difficult to draw any
definitive conclusion on the effect of oral insulin giv-
en at disease onset in terms of modulation of anti-
gen-specific immune reactivity.

All these concerns apply to the prevention trials
designed to test whether intervention during the pro-
dromal period of Type I diabetes can delay its clinical
onset. Specifically, the objective of the DPT-1 is to
determine whether antigen-based therapies (e.g. in-
sulin) in non-diabetic relatives of patients with Type
I diabetes can delay the development of overt clinical
disease [1]. Based on the results of our trial attention
should be paid to the subjects in the oral treatment
group of DPT-1 trial to find out whether oral insulin
affects C-peptide secretion or insulin antibody con-
centrations.

In conclusion, the addition of 5 mg daily of oral in-
sulin to regular subcutaneous insulin therapy has no
effect on residual beta-cell function in patients with
recent-onset Type 1 diabetes and does not modify
the humoral immune response against the hormone.
These results have important implications for current
thoughts in designing strategies for preventing Type I
diabetes.
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