
Abstract

Aims/hypothesis. The pathogenesis of permanent dia-
betes mellitus diagnosed early in life is heterogeneous
and, in most cases, not known. We aimed at identify-
ing markers differentiating between non-autoimmune
and autoimmune diabetes.
Methods. The clinical, genetic and epidemiological
features of 111 diabetic patients (62 males) who re-
ceived insulin within 12 months of life were studied.
Results. The epidemic curve by age of diabetes onset
revealed two subsets of patients at a cutoff of 180
days. In the group with diabetes onset before 180 days
(“early onset” permanent diabetes) the analysis of
HLA susceptibility heterodimers (available for 21 in-
dividuals) showed that 76% had a “protective” HLA
genotype for Type I (insulin-dependent) diabetes
mellitus as compared to 11.9% (5/42) of the later on-
set group. Accordingly, “early onset” children were
less likely to have autoimmunity markers (4 out of 26

tested) than children with onset after 180 days (13 out
20 tested) (15.4% vs. 65.0%, p<0.01). Of note, 19 out
of 20 (or the 95%) patients who were born on the is-
land of Sardinia, an Italian region where the incidence
of Type I diabetes is six times higher than continental
Italy (33/100000/year vs 5/100000/year), were includ-
ed in the later onset group (>180 days). Small-for-date
birthweight, a possible sign of reduced foetal insulin
secretion, was more common in the “early onset”
group (OR=9.9, 95%-CI 2.6–38.6).
Conclusion/interpretation. These results, obtained in
the largest population-based cohort of diabetic infants
hitherto reported, suggest that “early onset” perma-
nent diabetes cases differ from later onset cases and
that most of them do not have an autoimmune patho-
genesis. [Diabetologia (2002) 45:798–804]
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Diabetes mellitus diagnosed in the newborn or during
the first few months after birth and necessitating per-
manent insulin treatment is a rare condition.

Because months or even years can elapse between the
beginning of the autoimmune response and the clinical

appearance of Type I (insulin-dependent) diabetes melli-
tus, the onset of diabetes very early in life might not be
consistent with the time required for an autoimmune re-
sponse to result in overt Type I diabetes mellitus, even if
the autoimmune disease begins in the foetal period [1].
Neonatal diabetes with onset in the first days of life and
signs of beta-cell autoimmunity has been found associat-
ed with short-term maternal enterovirus infection [2] or
autoimmune entercolitis [3], but the clinical features of
such cases differ from those observed in subjects with di-
abetes occurring later after birth, which resemble Type I
diabetes. On the other hand, a few reports link non auto-
immune neonatal diabetes to congenital absence of islet
of Langerhans [4], extremely rare genetic disorders or
syndromes [5], and pancreatic agenesis [6].
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Within the framework of the Working Group on Di-
abetes of the Italian Society of Paediatric Endocrinol-
ogy and Diabetology, we conducted a retrospective
study to examine the clinical characteristics and labo-
ratory findings of patients who developed permanent
diabetes during the first year of life [7].

Subjects and methods

Study cohort and data collection. One hundred and eleven dia-
betic patients born between 1980 and 1997 who started insulin
therapy in their first year of life were retrospectively identified.
Data were collected by 45 Paediatric Diabetology Units which
are the Italian referral centres for the diagnosis and treatment
of paediatric diabetes and are located throughout Italy, thus en-
suring almost complete coverage of the country. A standardi-
sed questionnaire was completed for each case: information
about risk factors during pregnancy and neonatal features were
collected from medical records. Data collection was completed
by December 2000. Patients who developed diabetes after
1997 were excluded from the study to avoid the accidental re-
cruitment of cases of transient neonatal diabetes.

Laboratory analyses. Data on autoimmunity markers before
insulin therapy was started were available for 46/111 patients.
Islet cell antibodies (ICA) were evaluated by indirect immuno-
fluorescence using human pancreatic substrate. GAD and IA2
antibodies were evaluated by radioimmune assay. The analyses
were performed in two Italian laboratories that took part in in-
ternational workshops on standardisation of antibodies assays.

We were able to conduct a molecular study on 63 of the 111
patients. HLA class II DQB1 and DQA1 alleles were identified
at high resolution with allele specific oligonucleotide probes or
sequence specific primers and the polymerase chain reaction
(PCR). An amino acid other than aspartic acid at position 57 of
the DQβ chain or an arginine at position 52 of the DQα chain
entail high risk for Type I diabetes susceptibility. HLA analysis
was centralised.

Data analysis. “Age at onset” was the age in days upon start-
ing insulin therapy. The epidemic curve of age at onset was
smoothed by using either the moving-average technique or

polynomial regressions. The standard deviation of birth weight
corrected for gestational age was calculated: children under the
10th percentile for birth weight by gestational age measured for
Italian newborns [8] were defined “small for date”.

Because we divided the cohort studied in two groups ac-
cording to the day of onset (see below) we used Pearson (χ2)
chi-square or Fisher exact test to analyse frequency compari-
sons of qualitative variables. The proportion of exposure was
calculated between the groups of patients with diabetes melli-
tus. The adjusted odds ratio (OR) for these variables and the
effect of potential confounding variables were evaluated using
unconditional logistic regression techniques.

Data were analysed using BMDP software. Ridit analysis
was used to compare the distribution of susceptibility HLA-
DQ heterodimers (DQβ57 NonAsp – DQα52 Arg) in groups of
diabetic patients with the baseline distribution of susceptibility
heterodimers in a sample of healthy adults [9].

Results

Epidemiological and clinical characteristics. A total
of 111 diabetic patients (62 males, 49 females) born
from 1980 to 1997 and who started insulin therapy in
their first year of life were included in the study.

The age range at enrolment was 3.17–21.07 years.
Eleven patients who had diabetes within the first
month from birth and required continuous insulin
therapy from the day of diagnosis met the current cri-
teria for the diagnosis of permanent neonatal diabetes
mellitus (PNDM) (see Table 1). In three of those pa-
tients diabetes was found associated to autoimmune
enteropathy.

The mean incidence of diabetes in the first year of
life, calculated from 1993 to 1995, was 1.7/100000 in-
habitants. Figure 1 shows the epidemic curve of the
111 patients by age at onset expressed in days. The
third grade polynomial fitted to distribution had an R2

of 0.94, with a minimum at around 180 days. This re-
sult suggested the existence of two groups of patients
based on age at onset.

Table 1 Characteristics of the eleven newborns with diabetes onset within 30 days of birth

Age at Sex Year Birthweight Gestational Small Outcome Associated diagnosis
onset (days) of birth (grams) age for date

0 F 1985 2300 40 Yes Coeliac disease
0 M 1995 1600 34 Yes Death Autoimmune enteropathy

ICA pos and GAD (50 U)
1 F 1992 1600 41 Yes
1 M 1992 2440 41 Yes
2 F 1988 2100 40 Yes
3 F 1988 1740 38 Yes
4 M 1997 2550 41 Yes
4 M 1996 2500 41 Yes Autoimmune enteropathy

15 F 1992 2750 40 Yes
21 M 1986 2580 37 No
29 M 1997 2000 35 Yes Death Autoimmune enteropathy

ICA pos and GAD (100 U) 

ICA, islet cell antibodies; GAD, glutamic acid decarboxylase antibodies
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Fig. 1 Frequency distribution of age at onset (in days) of 111 di-
abetic children diagnosed within the first year of life (Italy,
1980–1997)

Consequently, the 36 children diagnosed within the
first 6 months of life (herein defined “early onset”
permanent diabetes, EOPD ) were compared with the
75 children diagnosed between months 7–12 of life.
The clinical and epidemiological characteristics of the
two groups are shown in Table 2 .

In an attempt to determine whether diagnostic pro-
cedures and survival differed over time, we divided
the two groups into four 5-year periods. There were
no differences between or within the two groups.

The percentages of threatened abortions was higher
in mothers of children with EOPD than in mothers of
children diagnosed later (52.2% vs 20.0%, p=0.01).
The proportion of children born before 37 weeks ge-
stational age was higher in the EOPD group (15.4% vs
2.7%, p=0.06); a birth weight lower than 2500 g was
clearly associated with EOPD (40.7% vs 4.7%,
p=0.001). Small-for-date birth weight was more com-
mon in the EOPD group (64.3% vs 14.3%, p=0.001).

One of the 36 children with “early onset” perma-
nent diabetes and 19 of the 75 with a later diabetes di-
agnosis were born in Sardinia (p=0.004).

Table 2 reports also the results of the unconditional
logistic regression. In the multivariate analysis, three
variables were significantly associated with the
EOPD: threaten abort (OR=5.4), small for date
(OR=9.9) and “born outside Sardinia” (OR=10.1).

HLA genotype. Altogether 16 of the 21 EOPD patients
tested carried a “protective” HLA genotype for auto-
immune diabetes: of those, 11 did not bear any sus-
ceptibility heterodimers and five had only one suscep-
tibility heterodimer (OR=0.04, 95% CI 0.01–0.60)
(Table 3 ). In contrast, only five of the 42 genotyped

patients with diabetes onset between 180 and 365 days
of life carried a “protective” HLA genotype: two pa-
tients without susceptibility heterodimers, and three
patients with one susceptibility heterodimer.

Table 3 also shows the frequency distribution of
susceptibility heterodimers in our study population (di-
vided into “early onset” and onset between months
7–12 of life). These data are compared with those ob-
tained in healthy adults and patients with Type I diabe-
tes from an Italian case-control study [9]. Figure 2
shows the results of ridit analysis of the number of sus-

Fig. 2 Ridit values and their 95%-Confidence intervals for
HLA DQ susceptibility heterodimers in three groups of diabet-
ic patients compared with a sample of healthy subjects. A ridit
analysis is the estimated probability that random individual
from a comparison group is “to the right” of a person selected
at random from the reference group. In this case, two groups
are different from the reference group (ridit = 0.5). Individuals
in these groups are likely to have more susceptibility heterodi-
mers than healthy subjects (reference group); the “early onset”
permanent diabetes group do not appear to differ from the ref-
erence group
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Table 2 Frequency distribution and adjusted odds ratios (OR)
with 95% Confidence intervals of selected characteristics for
diabetes diagnosed during the first 6 months of life (“early on-

set” permanent diabetes) compared with diabetes beginning be-
tween the 7th and the 12th month of life. The adjusted OR was
reported for the variables that entered in the multivariate model

ceptibility heterodimers in the same groups. Children
with diabetes onset between 181 and 365 days of life
and patients with Type I diabetes differ from healthy
adults (reference category) and do not appear to differ
from each other. Children with diabetes onset before
180 days do not differ from the healthy adults category
of the reference (ridit p=0.51, 95%-CI 0.30–0.72) [9].

Therefore, children diagnosed after the sixth month
of life have an HLA-DQA1 and DQB1 genotype dis-
tribution similar to Type I diabetic patients, whereas
“early onset” children are similar to healthy adults [9].
Of note, the EOPD group had an increased frequency

of the haplotype HLA-DQA1*0102, DQB1*0602:
11.9% vs 2.2% of patients with diabetes onset from
months 7–12 of life (pcorr=0.04; OR=5.54), compared
with 3.1% of patients with Type I diabetes [9]
(pcorr=0.04;OR=4.26) and vs 5.4% of adult controls
[9] (pcorr=ns; OR=2.38).

Markers of autoimmunity. Children in the EOPD
group (26/36 tested) were less likely to result positive
to any of these tests as compared with children with
onset of diabetes after 180 days (20/75 tested)
(4/26=15.38% vs 13/20=65%, p<0.001).

Selected Our diabetic patients p value Adjusted OR 
characteristics (95%-CI)

Onset ≤ 180 days Onset between 181 
% (n=36) and 365 days

% (n=75)

Child’s gender
Male 55.9 54.3
Female 44.1 45.7 0.88

Mother’s age at delivery less than 29 years
No 45.5 35.3
Yes 54.5 64.7 0.15

Threaten abortion during pregnancy
No 47.8 80.0 1
Yes 52.2 20.0 0.01 5.4 (1.4–20.3)

Gestational age less than 37 weeks
No 84.6 97.3
Yes 15.4 2.7 0.06

Birth weight lower than 2500 gr.
No 59.3 95.3
Yes 40.7 4.7 0.001

Small for date birtha

No 35.7 85.7 1
Yes 64.3 14.3 0.001 9.9 (2.6–38.6)

Born in Sardinia
Yes 2.8 25.3 1
No 97.2 74.7 0.004 10.1(1.1–90.5) 

Birth cohort
80–84 13.9 14.7
85–89 25.0 26.7
90–94 27.8 40.0
95+ 33.3 18.7 0.35

Months of birth
Dec, Jan, Feb 11.1 22.7
Mar, Apr, May 22.2 24.0
Jun, Jul, Aug 38.9 29.3
Sep, Oct, Nov 27.8 24.0 0.46

Months of onset
Dec, Jan, Feb 22.2 20.0
Mar, Apr, May 25.0 30.7
Jun, Jul, Aug 30.6 20.0
Sep, Oct, Nov 22.2 29.3 0.58

a This variable is a function of child’s gender, gestational age and birth weight
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Discussion

We have confirmed with this investigation, that the in-
cidence of diabetes during the first year of life is low.
Our data indicate that the mean incidence, estimated
between 1993 and 1995, was in fact 1.7/100000, a fig-
ure comparable to the one estimated in Germany in
1993 and in 1995 (1.43 and 1.96/100000, respective-
ly) [10]. However, the most striking result of this
study is the clear separation of patients with onset of
diabetes before and after 180 days of life in two dis-
tinct groups (third grade polynomial fitted to distribu-
tion: R2=0.94). We thus looked for differences be-
tween these two populations. An immediate observa-
tion was that the presence of genetic markers of sus-
ceptibility to Type I diabetes (DQβ/DQα NonAsp/Arg
heterodimers) in individuals from the “early onset”
group was similar to that of the general population. In
contrast, predisposing heterodimers in patients diag-
nosed after 180 days of life were found in a percent-
age as high as that found in Italian patients affected by
Type I diabetes [9]. These data are even more relevant
if we consider that Type I diabetic patients diagnosed
in childhood are more likely than adults to carry HLA
alleles associated with disease susceptibility [11, 12]
and, in addition, in very young children diabetes ap-
pears to be associated with a higher-risk genotype
than in older children [13].

Furthermore, the EOPD group is similar to the con-
trol cohort [9] for all but one HLA-DQA1,DQB1 hap-
lotype frequencies, the only deviation being confined
to HLA-DQA1*0102,DQB1*0602 haplotype whose
frequency was 11.9% in EOPD patients vs 5.4% of
controls [9], 3.1% of Type I diabetic patients [9] and
2.2% of babies with diabetes onset between 181 and
365 days. This haplotype has been claimed to confer
protection against autoimmune diabetes carrying a
double protection at the amino acid residues of DQα
and DQβ chains [14].

Relevant to this issue was also the observation that
in 35 out of 36 Sardinian patients of our collection the

onset of diabetes was after the 180th day, when the
likelihood of autoimmune diabetes is higher. This is in
keeping with the peculiar distribution of Type I diabe-
tes in Italy where the incidence in the continental part
of the country (between 3.5 and 7/100000/year, simi-
lar to the rest of Europe) is much lower than the one
observed in the island of Sardinia, a 33/100000/year
that represents the highest in the Mediterranean area.
On the same token only four patients of the EOPD
group tested positive for one or more antibodies of
Type I diabetes among the 26 in which the serological
markers were available. Of note, among these four
one male had also autoimmune enteropathy.

Recently, mutations of the FOXP3 gene have been
identified in patients with X-linked neonatal diabetes,
enteropathy and polyendocrinopathy (IPEX syn-
drome) [15, 16] and it is very likely that the three
males of the EOPD group (diagnosed at the ages of 4,
29 and 31 days in which neonatal diabetes was associ-
ated to a severe autoimmune enteropathy from which
two of them died, could have borne a FOXP3 muta-
tion.

Duration of pregnancy and birthweight. We found that
birth weight and duration of pregnancy are both dif-
ferent in patients with EOPD compared with patients
with onset of diabetes after 180 days from birth. The
likelihood of a gestational age of less than 37 weeks
was higher in the EOPD group (15.4% vs 2.7%).

Furthermore, according to the multivariate analysis
results, a ‘small-for-date’ newborn has an almost ten-
fold increase in risk of developing EOPD. A low birth
weight could indicate a reduced or absent insulin se-
cretion by the foetal pancreas, such as in individuals
with pancreatic agenesis due to homozygous mutation
of IPF1/MODY 4 [6], or heterozygous mutations of
the glucose sensor glucokinase (GK/MODY 2) [17,
18, 19]. In keeping with this assumption, we found a
homozygous mutation of the GK/MODY2 in one of
the patients reported here, with diabetes onset on the
first day of life and a birth weight of 1600 g [20].

Table 3 HLA-DQα (position 52) and HLA-DQβ (position 57) susceptibility heterodimers: comparison between our study popula-
tion, healthy subjects [9] and patients with Type I diabetes [9]

Number of susceptibility Children with permanent diabetes Type I diabetes case-control study [9]
heterodimers (Our study population)

Onset ≤ 180 days Onset between 181 Patients with Healthy adults 
and 365 days Type I diabetes

n % n %
n % n %

4 1 4.8 17 40.5 23 35.4 1 1.1
2 4 19.0 20 47.6 27 41.5 20 21.5
1 5 23.8 3 7.1 8 12.3 23 24.7
0 11 52.4 2 4.8 7 10.7 49 52.7
Total 21 42 65 93
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Thus, even though we do not exclude the possibili-
ty of cases of autoimmune diabetes in very young in-
fants, this seems to be a quite rare event in isolation.
Diabetes with autoimmune phenomena is instead con-
nected to complex syndrome(s) [3, 15, 16], sometimes
associated to the presence of higher concentrations of
autoimmune markers or histological evidence of insu-
litis [21] or both, or to viral infections [2].

In conclusion, the group of patients with diabetes
onset before 180 days of life is likely characterised by
form(s) of diabetes other than Type I, which instead
seems to be more prevalent in patients with onset after
180 days.

This concept is in agreement with the findings [22]
of a prospective study aimed at identifying autoim-
mune markers of Type I diabetes in subjects who suc-
cessively developed diabetes, did not find antibodies
before the first six months of life.

Moreover, patients with autoimmune markers at birth
who later became diabetic, never had a clinical onset of
diabetes before 3.3 years of age and, generally, later [1].

This study illustrates the importance of investigat-
ing patients affected by diabetes mellitus in the first
months of life. In fact, although such cases are rare,
they represent a useful model that might help to clari-
fy the causes of non-Type I forms of diabetes, which
can be caused by defects of genes important in embry-
onic pancreas development [6] or glucose-induced in-
sulin secretion [20].
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