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ABSTRACT

INTRODUCTION: Some recent research has shown an increased prevalence of epilepsy and
autism spectrum disorder (ASD) in children with type 1 diabetes (T1D) compared with the general
population. This study aimed to evaluate the prevalence and clinical characteristics of the above-
mentioned and other neurological disorders among children with T1D.

MATERIAL AND METHODS: The study included youths aged 1-16 with T1D from a single paediat-
ric diabetes centre in Central Poland. Children with both T1D and neurological/neurodevelopmental
diagnoses were identified by a retrospective medical records review of all patients. The prevalence
was compared to the general prevalence among Polish children based on the official electronic
databases.

RESULTS: The study comprised 669 children with TID, mean age 11.23 +£3.43 years. Twenty nine
(4.3%) had at least one neurological disorder, mostly epilepsy (12, 1.8%) and ASD (8, 1.2%). Nine partic-
ipants had 2 1 neurological diagnosis.

The prevalence of ASD among children with T1D was similar to the overall population patients
aged <16 in Poland: 1.2% vs. 1.15% (OR = 1.044, 95% Cl: 0.52-2.096, p = 0.9032), but it was higher for
epilepsy: 1.8% vs. 1.02% (OR = 2.0112, 95% Cl: 0.8427-4.7999, p = 0.11). Metabolic control in children
with ASD was similar to those with T1D only, but significantly worse for other neurological disorders,
especially epilepsy (HbA 7.9 £1.6% vs.7.2 £1.0%, p = 0.0014 and 7.6 £1.0% vs. 7.2 £1.0%, p = 0.0029,
respectively).

CONCLUSIONS: In our study there is a small, but important group of individuals with TID and
neurological disorders comprising mostly boys. This group does not differ significantly from their
peers with TID only in terms of age or diabetes onset but has different immunological patterns and
worse metabolic control.
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Introduction

Type 1 diabetes (T1D) is an autoimmune disease
that affects over 1.2 million children and adoles-
cents worldwide [1] and over 18 000 young people
in Poland [2]. Its prevalence increased significantly
over the past several decades. Its pathogene-
sis and clinical course seems to be very hetero-
geneous, suggesting the existence of specific phe-
notypes and endotypes of the disease [3], and
making finding a cure for TID extremely difficult.
Moreover, frequent coexistence of T1D with multi-
ple autoimmune and non-autoimmune disorders
may suggest common, yet not completely identi-
fied, genetic background. Finding this background
and dividing patients into specific subpopulations
is essential to improve the results of targeted ther-
apies and optimize their treatment.

Some recent studies have shown an increased
prevalence of epilepsy and autism spectrum disor-
der (ASD) in children with TID compared with the
general population. Therefore, we aimed to focus
on this special group of youths with clinically ap-
parent neurological deficits to evaluate the preva-
lence, and to describe their clinical characteristics.

Material and methods

The study included children and adolescents
with T1D, recruited from a single paediatric diabe-
tes care centre, which is the only reference unit
for the population of 2.47 million inhabitants from
Central Poland (Lodzkie region), diagnosed with
T1D before 31.12.2019. Children with both T1D and
diagnoses such as ASD, epilepsy and other neu-
rological disorders were identified by a retrospec-
tive medical records review of all patients aged
1-16 with TID (n = 669).

The diagnosis of TID was confirmed by posi-
tivity for at least two of anti-islet autoantibodies:
islet cell autoantibodies (ICA), glutamic acid de-
carboxylase (GAD), tyrosine phosphatase (IA2A),
insulin (IA/IAA), or zinc transporter 8 (ZnT8) auto-
antibodies. The conventional autoantibodies were
measured in serum: ICA with immunofluorescence,
autoantibodies to GAD, islet antigen 2 (IA/1AA)
and ZnT8 with ELISA (RSR Ltd., UK) and IA2 with
specific radio binding assays RIA (CIS Internation-
al, France or RSR Ltd., USA). Levels of ICA were
quantified according to the International Work-
shop on the Standardization of ICA, with indirect
immunofluorescence of pancreatic tissue ob-
tained from a human donor. The cut-off values for
ICA, GAD, IA2A/1A2, and IA/IAA positivity were
10 Juvenile Diabetes Foundation units, 10 and

20 U/mland 7%/0.4 U/ml, respectively. According
to the IASP2020 (Islet Autoantibody Standardiza-
tion Program) - the disease sensitivity of the anti-
body was ICA - 72.0% and 94.4%, GAD 82% and
98.9%, 1A2 = 70% and 95.6%, ZnT8 — 76% and 97.8%,
and for IA/IAA - 42% and 100%.

Neurological diagnoses had been confirmed
by a neurologist or psychiatrist (documented in
medical history).

For comparison of the prevalence of ASD
among the Polish group of children with the
same age we used the data from the electronic
system monitoring certification of disability
(EKSMOoN) [4].

For comparison of the prevalence of epilepsy,
data for 2014-2019 were obtained from the Na-
tional Health Fund [5].

Statistical analysis

Continuous variables were presented as me-
dians followed by interquartile ranges, while
nominal variables as numbers and percentages.
To present the overlap between detected neuro-
logical problems, Venn's diagram was created with
online tool Venny 2.1.20 [6]. The Shapiro-Wilk test
was used to assess the continuous variables for
normal distribution. Most continuous variables
displayed non-normal distribution — therefore,
they were compared between groups using the
Mann-Whitney U test or Kruskal-Wallis ANOVA.
For those tests, participants with T1D without any
neurological disorders were considered as refer-
ence. Categorical variables between the groups
were compared with y? test or Fisher's exact test
for small subgroups. Associations between each
neurological disorder (considered exposure) and
qualitative outcomes (presence of comorbidities,
etc.) were assessed with odds ratios (OR) and cor-
responding 95% confidence intervals (95% Cl).
The Statistica package (StatSoft, TIBCO, Palo
Alto, CA, USA) was used for the analysis. P-values
< 0.05 and OR with 95% CI not overlapping one
were considered statistically significant.

Results

The final cohort comprised 669 consenting
participants (349 boys [52%] and 320 girls), of mean
age of 11.23 £3.43 years. The groups were similar in
age, age at TID onset and number and structure
of other autoimmune comorbidities (autoimmune
hypothyroidism, celiac disease, asthma or allergy).

Overall, 29 (4.4%) children had at least one
neurological disorder and/or ASD: 12 (1.8%) had
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epilepsy, 8 (1.2%) had ASD, and 20 (3%) other neu-
rological diseases (Supplementary Table 1). Nine
participants (1.35%) had more than one neuro-
logical diagnosis (most commonly epilepsy with
another neurological condition) (Figure 1). Table 1
shows the comparison between the “TID neuro-
logical” and “T1D non-neurological” control groups
and the detailed clinical characteristics of each
“neurological” participant is presented in Supple-
mentary Table 1.

According to sex, ASD was diagnosed only in
boys (p = 0.0065), and more boys than girls (75%
vs. 25%) suffered from epilepsy (p = 0.1076). In the
whole group with neurological disorders, the dis-
proportion was not that profound, though still vis-
ible (66% vs.34%, p = 0.1416)

The only statistical difference (p = 0.0464) was
that two children (6.9%) with neurological disor-
ders had other autoimmune disorders than men-
tioned above (vitiligo and IgA deficiency), while in
the control group it was 1.7% (n = 11).

All children with ASD were diagnosed before
the diagnosis of TID. Among children with epilepsy,
most (75%, n = 9) displayed symptoms after the
diagnosis of TID. In terms of other neurological

Table 1. Group characteristics and comparison

A study on one heterogenous region of Poland

ASD Epilepsy

640
(95.7%)

ASD — autism spectrum disorder, TID - type | diabetes
* Other: attention-deficit hyperactivity disorder,
paroxysmal cerebral dysrhythmia, multiple sclerosis,
chronic inflammatory demyelinating polyneuropathy,
hearing loss, oligophrenia, mutism

Figure 1. Distribution of patients 1-16 years old with type 1
diabetes in the Department

disorders, 10 (50%) were diagnosed before, 7 (35%)
after and 3 (15%) simultaneously with TID.

Among children with ASD, 75% (n = 6) had
a relative with autoimmune disease, most com-

Parameters Overall TID | TID only TID + all p-value TID p-value TID + p-value

(n=669) (n = 640) neurological + ASD epilepsy

disorders (n=8) (n=12)
(n=29)

Age lyears] M =11, M =11, M =10, 0.0682 M =11, 0.8113 M=9 92 0.1698

23 £3.43 29 3.4 1+3.89 0 +3.74 t4.033
Sex (men), n (%) 349 (52.16) | 330 (51.56) 19 (65.5) 0.1416 8 (100) 0.0065 9 0.1076

(75)

AgeatTIDonset | M=624 | M=623 M=59 0.6275 | M=688 | 06068 | M=50 | 02352
lyears] +358 +355 4] +3.40 +371
Positive anti-GAD |  445/65 427/622 18/29 0.4556 3/8 0.0607 9/12 0.6360
antibodies, (68.3) (68.6) (62.0) (37.5) (75)
n/N (%)
Thyroid disease, 124 (18.5) 117 (18.3) 7 (24.) 0.4323 2 (25) 0.6271 1(83) 0.3732
n (%)
Coeliac disease, 76 (11.3) 73(11.4) 3(10.3) 0.8552 2(25) 0.2324 1(8.3) 0.7374
n (%)
Asthma/allergy, 95 (14.2) 91(14.2) 4(13.8) 0.9519 3(37.5) 0.0630 1(8.3) 0.5609
n (%)
IgA deficiency, 710 6(0.9) 1(3.4) 0.1878 0(0) 0.7877 0 (0) 0.7415
n (%)
Other immune 13(1.9) 11(1.7) 2(6.9) 0.0464 0 (0) 0.7102 1(83) 0.6490
comorbidities,
n (%)
Mean HbA, 56 %11 56 *11 63 *17 0.0014 59 £11 0.3779 63 20 0.0290
[mmol/mol] (%) 73110 7310 79 %16 7.6 1.0 79422

ASD - autism spectrum disorder, TID - type | diabetes
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monly T1D. In children with epilepsy and other
neurological disorders, only 3 (14%) had a family
member with autoimmune disease.

Anti-GAD antibodies were positive in 75% of
participants with concomitant epilepsy, 37.5% of
children with T1D and ASD, and in 68.6% of control
children (p = 0.6360 and p = 0.0607, respectively).

For 18 participants in the control group, data
about occurrence of anti-GAD antibodies was not
possible to obtain (they were primarily diagnosed
in another centre).

There was no significant difference in meta-
bolic control (measured by % HbA ) in children
with ASD, but those with other neurological dis-
orders had significantly worse results than their
peers with TID only (63 17 mmol/mol, 7.9 £1.6%
vs. 56 11 mmol/mol, 7.2 £1.0%, p = 0.0014 in the
whole group, 63 £20 mmol/mol, 7.9 £2.2% vs.
56 11 mmol/mol, 7.2 £1.0%, p = 0.0029 in children
with epilepsy).

Discussion

One of the approaches to achieve the goal of
applying precision medicine in diabetes mellitus
is to identify endotypes (that is, well-defined sub-
types) of the disease each of which has a distinct
etiopathogenesis that might be amenable to spe-
cific interventions [7].

Our study demonstrated that among children
with autoimmune diabetes there is a group (4.4%)
with additional clinically apparent symptoms of
neurological conditions. Some children had multi-
ple neurological problems suggesting specific ge-
netic syndromes and even existence of some un-
known diabetic phenotypes and endotypes of TID
(like previously described by us children with 18qg
- deletion syndrome and Treg deficiency) [8, 9].
Their physical and/or intellectual uniqueness
makes them especially interesting for further re-
search on causes of these extremely heterogenous
disorders.

The prevalence of epilepsy was higher in the
T1D group than in the general Polish population:
1.8% vs.1.0% (OR = 2.0112, 95% ClI: 0.8427-4.7999,
p = 0.11). Recent studies, like the one based on
a much larger cohort from the German/Austrian/
Swiss/Luxembourgian Diabetes-Patienten-
Verlaufsdokumentation Registry, showed that ep-
ilepsy was found to be even 2-5 times more fre-
quent in children with T1D [10-13], what would
suggest common genetic or immunological back-
ground. In recent years, there has been a growing
interest in immunological pathogenesis and treat-

ment in epilepsy, as it was discovered that patients
with autoimmune diseases more often suffer from
drug-resistant forms of epileptic seizures [14-16].

We found that the prevalence of autism spec-
trum disorders among children with TID is similar
to the overall population under 16 years in Poland:
1.2% vs. 1.15% (OR = 1.044, 95% Cl: 0.52-2.096,
p = 0.9032) which is in line with the results
obtained by other authors [17, 18]. Some other
studies suggest that the prevalence of diabetes
might be higher in children with ASD [19, 20].

Interestingly, our data showed that only boys
were diagnosed with ASD, while in the whole
outpatient clinic (control group) the proportion
of boys vs. girls was about 50/50.

This fact was not entirely surprising, taking into
account that in general males are more commonly
diagnosed with autism, even though such striking
disproportion had reported so far [17, 18, 21, 221.

We did not observe any correlation between
other autoimmune diseases and neurological dis-
orders and results from previous studies in different
regions are sometimes contradictory [15, 23, 24].

It is worth noticing that children with neuro-
logical conditions overall had significantly worse
metabolic control (measured by HbA ) than the
control group, and while the tendency proved sig-
nificant also for children with epilepsy, children
with ASD had similar metabolic control to their
T1D peers. While reasons for this might vary (e.g.
fear of risk of seizures due to hypoglycaemia [19, 21,
22,25, 26], problems with adapting to therapeutic
regime [27]), as those children are usually under
closer parental guidance, most studies indicated
better metabolic control in those groups, which
should be a warning for the Polish medical system.

The major strength of our study is that the
group is ethnically and therefore genetically simi-
lar (all included subjects were of Caucasian, Polish
ancestry). Moreover, we used first reliable data on
the prevalence of children with ASD in Poland [28],
based on reports.

The anti-GAD measurements were performed
centrally, by the same investigator, while in the
study by de Sousa et al. [12] it came from different
laboratories.

There are however some limitations. The first
one is a relatively low number of participants, from
a single centre, as Poland does not have any national
T1D registry. Therefore, some of the results, though
interesting, lack statistical significance. For further
research in this field, we will include more patients
from other centres all patients are registered.
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Moreover, it is possible that the results of the
national database of children with disabilities are
incomplete, as social shame of disability (and the
fear of being socially stigmatized) may cause some
parents to refrain from registering ASD in the da-
tabase.

Conclusions

Nevertheless, our study has shown that among
children with TID there is a small, but important
group of individuals with neurological disorders
with possible common genetic/autoimmune back-
ground, with a notable overrepresentation in boys.
This group does not differ significantly from all the
children in terms of age or of T1D onset but has
different immunological patterns. Most differences
are not statistically significant in small popula-
tions; however, tendencies are interesting enough
to broaden the research. Further genetic and im-
munological evaluation may reveal causes of these
phenotypes.
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