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Abstract

Background. Early identification of individuals at increased risk for type 1 diabetes (T1D) is essential
to prevent diabetic ketoacidosis (DKA) at onset and to facilitate the development of disease-modifying
therapies. The INNODIA EUT15797 project (2015—2023) conducted a Europe-wide screening of individuals
with recent-onset T1D (<6 weeks) and their first-degree relatives (aged 1—45 years).

Objectives. To evaluate the risk of T1D development among first-degree relatives of individuals with T1D,
based on data from the Polish INNODIA center at the Medical University of Silesia in Katowice, Poland.

Materials and methods. Data on the incidence of autoantibodies were obtained from the INNODIA project
platform. The analysis included first-degree relatives of individuals with T1D, aged 1—45 years, who met
the inclusion criteria and were recruited at the Polish center. Samples were collected at the Medical Univer-
sity of Silesia in accordance with the INNODIA protocol. Participants were stratified based on the number
of autoantibodies detected (1 or >2). The analysis considered age, sex, prevalence of specific autoantibodies
(GADG5, IAA, 1A-2A, ZnT8), and familial relationship.

Results. Among 817 screened individuals, 65 (7.96%) tested positive for autoantibodies (AA): 48 (5.88%) had
TAA and 17 (2.08%) had >2AA. The highest prevalence was observed in the 10—23-year age group (27.7%,
18/65). Inthis subgroup, 11.04% (18/163) were autoantibody-positive, whereas prevalence in other age groups
(1-9, 24-36, 37-40, and 4145 years) ranged from 5.98% t0 8.97%. GAD65 (5.51%) and IAA (3.43%) were
the most frequent autoantibodies. Individuals with 1AA were predominantly parents (32/48;66.7%), while >2AA
were more common among siblings (13/17; 72.2%). During follow-up, 2 participants progressed to stage 3 T1D.

Conclusions. In the Polish cohort of the INNODIA study, autoantibodies were detected in 7.96% of first-
degree relatives of individuals with T1D. Early screening is crucial for accurate risk stratification, quiding
the development of therapeutic interventions and reducing the risk of severe complications at disease onset.

Key words: autoantibodies, diabetes mellitus type 1/diagnosis and immunology, mass screening/methods,
autoimmune diseases/diagnosis, autoimmune diabetes mellitus
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Highlights

quently detected markers across all subgroups.
of individuals with T1D.
dosis, underscoring benefits of early monitoring.

improve outcomes in early-stage T1D.

+ Polish INNODIA data align with European trends: Autoantibody prevalence in first-degree relatives of type 1
diabetes (T1D) patients mirrors findings from other European cohorts.

+ 7.96% of first-degree relatives tested positive for T1D-related autoantibodies: GAD65 and IAA were the most fre-

+ Highest autoantibody positivity in youth and siblings: Rates peaked in the 10-23 age group and among siblings

« Progression without DKA observed: Two children advanced to stage 3 T1D without developing diabetic ketoaci-

« Early recognition and supportive care are critical: Integrating prompt symptom identification into protocols can

Background

Type 1 diabetes (T1D) is the most common type of dia-
betes in the European pediatric population, with nearly
129,000 new diagnoses each year globally in children and
adolescents under 20 years of age."? According to the T1D
Index, the estimated number of people living with T1D
in 2024 was 9.4 million, and with the continued rise in its
incidence, this number is expected to reach 16.4 million
by 2040 ((Type 1 Diabetes Index; https://www.tldindex.
org).

Thanks to ongoing T1D research, remarkable progress
has been made in staging the early phases of the disease
and refining its definitions. It is now well established that
autoantibodies, which serve as markers of T-cell-mediated
B-cell destruction, may appear years before the clinical
onset of T1D. Identification of T1D-related autoantibod-
ies — such as GAD65 (glutamic acid decarboxylase), IAA
(insulin autoantibody), IA-2A (islet antigen-2 antibody),
and ZnT8 (zinc transporter-8 antibody) — in combination
with glucose metabolism monitoring enables classification
of preclinical stages of T1D: stage 1 (=2 autoantibodies and
normoglycemia), stage 2 (=2 autoantibodies and dysglyce-
mia) and stage 3 (2 autoantibodies and clinical onset).3-°
The International Society for Pediatric and Adolescent
Diabetes (ISPAD) 2024 Guidelines provide more detailed
subdivision of these stages, reflecting advances in under-
standing of the disease.’

In recent years, initiatives to identify individuals
in the early stages of T1D have laid the foundation for on-
going screening efforts to reduce the incidence of diabetic
ketoacidosis (DKA) at T1D onset, as well as to minimize
short and long-term morbidity, mortality, prolonged hospi-
talization, weight loss, and psychological burden associated
with T1D onset.” These endeavors also provide participants
with the opportunity to enroll in clinical trials investigating
disease-modifying therapies aimed at delaying the onset
of T1D. Islet autoantibody testing has proven to be an ef-
fective method for detecting early-stage T1D and may be
preferred over genetic testing due to lower participant

dropout rates and its predictive value in stratifying the rate
of progression to stage 3 T1D once autoantibodies are de-
veloped.” Moreover, genetic risk is frequently perceived
as abstract and difficult for parents to fully understand
and accept.? In accordance with the most recent ISPAD
guidelines, population-based screening for T1D is optimally
performed between 3 and 5 years of age, with maximal sen-
sitivity achieved by 2 examinations at 2 and 6 years of age.®
When screening is deferred until adolescence, the preferred
time points are 10 and 14 years of age.> However, it should
be emphasized that despite the ongoing efforts to integrate
T1D screening into national healthcare systems, still only
aminority of countries currently maintain nationwide pro-
grams. In Poland, the majority of children who present with
— or are likely to develop — stage 3 T1D have not undergone
prior T1D screening. Therefore, if the standard, age-based
screening windows cannot be met, it is reasonable to offer
T1D screening independently of a child’s age.

In 2015 the INNODIA (now an international non-profit
organization, formerly a European-based public-private
partnership) launched the project (EU115797) titled
Translational Approaches to Disease-Modifying Therapy
of Type 1 Diabetes: An Innovative Approach Towards Un-
derstanding and Arresting Type 1 Diabetes.” The study
protocol was approved by the Bioethics Committee
of the Medical University of Silesia (Katowice, Poland;
approval No. KN'W/0022/KB1/25/1/17 issued on May 16,
2017). As the largest program of its kind at the time, this
European-wide initiative conducted a screening of indi-
viduals with newly diagnosed T1D (diagnosed less than
6 weeks prior) as well as first-degree relatives of individuals
living with T1D. The study ran from November 1, 2015,
to October 31, 2023, and included participants from 13 Eu-
ropean countries, including Poland with the reference site
at the Medical University of Silesia, which became an ac-
credited clinical trial site. The project was carried out
under the framework of the Innovative Medicines Initia-
tive — Joint Undertaking (IMI-JU) and involved a global
partnership between academic researchers and industrial
partners, all working towards combating T1D.?
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It has been well established that first-degree relatives
of individuals with T1D face a markedly higher (up to
15 times) risk of developing T1D than the general popu-
lation, with the prevalence of T1D in the first-degree rela-
tives equal to 5% by the age of 20, compared to 0.3-0.4%
in the general population.>'0-12

Children of mothers with T1D have a 1.3—4% risk of de-
veloping the disease, whereas children of fathers with T1D
have a higher risk of 6-9%. In siblings of individuals with
T1D, the lifetime risk is estimated at approx. 6-7%.10-12
Relatives of individuals with T1D should certainly be
included in early screening; however, population-wide
screening is also warranted, as it is reasonable to state
that everyone is at risk of developing T1D. This is sup-
ported by evidence showing that approx. 90% of individu-
als with recent-onset T1D have no known family history
of the disease.’

Objectives

The aim of this study was to describe and characterize
the risk of type T1D development in the Polish population,
based on data from the INNODIA screening project, which
focused on first-degree relatives of individuals with T1D.

Materials and methods

Between 2018 and 2023, all first-degree relatives (aged
1-45 years) of individuals either newly diagnosed with T1D
or already receiving care at the Outpatient Department
of Children’s Diabetology and Lifestyle Medicine at the In-
dependent Public Clinical Hospital No. 6 of the Silesian
Medical University in Katowice (Upper Silesian Child
Health Centre) were invited to participate in the INNO-
DIA study conducted at the Medical University of Silesia.

In addition to serving as an INNODIA clinical site, this
center is accredited as a certified SWEET (Better control
in Pediatric and Adolescent diabeteS: Working to crEate
CEnTers of Reference) reference center and participates
in international projects, including the European Action for
the Early Diagnosis of Early Non-Clinical Type 1 Diabetes
for Disease Interception (EDENT1FI).!3

458 participants

l 359 participants

20.07.2022

UFM (individuals with >1 AA+)

Fig. 1. Allocation of participants to the Unaffected Family Member (UFM)
and People at Increased Risk (PIR) groups

To be enrolled, participants were required to meet
the inclusion and exclusion criteria outlined in Table 1.
Eligible individuals were invited for a screening visit, which
included a blood test for the presence of T1D-specific
autoantibodies (GADA, IAA, IA-2A, ZnT8A). Three au-
toantibodies (GADA, IA-2A and ZnT8A) were analyzed
at the PEDIA (Pediatric Diabetes Research Group) labora-
tory at the University of Helsinki, Finland, while IA A was
measured using a specific radiobinding assay.'*

If participants tested positive for autoantibodies (AA),
they were assigned to either the Unaffected Family Member
(UFM) or People at Increased Risk (PIR) group, depending
on the year of enrollment. Individuals who were screened
up until the July 20, 2022, were assigned to the UFM group.
If the screening resulted in at least 1 positive autoantibody;,
participants continued in the study and followed a specific
visit schedule to ensure they received specialized medical
care. Consecutively, every patient enrolled in the study
after July 20, 2022, was assigned to the PIR group. In this
case, further medical care was provided only if the indi-
vidual was found to have at least 2 autoantibodies pres-
ent (Fig. 1).

Participants in both the UFM and PIR groups received
medical care through regular follow-up visits, which in-
cluded eligibility screening, medical history review, an-
thropometric measurements, assessment of glycemic
control (oral glucose tolerance test (OGTT) and glycated
hemoglobin (HbAlc)), immunological testing, and bio-
banking. Detailed schedule for visits and performed tests
are presented in the Tables 2,3. If required, any additional
tests were performed in order to provide the best possible
care following then-current ISPAD guidelines. At the time
of the INNODIA study, the clinical site at the Medical Uni-
versity of Silesia was not conducting any kind of trials aimed
at people at an early stage of T1D. Therefore, participants
were not offered enrolment to the clinical trials but were

Table 1. Inclusion and exclusion criteria for participants in the Unaffected Family Member (UFM) and People at Increased Risk (PIR) groups

Criteria |
e Have given written informed consent to participate.
Inclusion e Aged between 1 year and <45 years.
) of study results.
Exclusion y

® Have a first-degree relative with T1D (parent, child, full or half siblings) diagnosed at <45 years of age.

e The affected first degree relative has type 2 diabetes, monogenic diabetes or diabetes secondary to another medical condition.
e Concurrent use of long-term immunosuppressive agents (including oral steroids) or medication likely to confound the interpretation

e Any medical history or clinically relevant abnormality that is deemed by the principal investigator and/or co-investigator to make
the participant ineligible for inclusion because of problems in data interpretation or safety concerns.
e Participating in an interventional or other drug research which could affect the primary objectives of the study.

UFM and PIR




4 M. Matachowska et al. INNODIA study results: Polish population

Table 2. Schedule of visits for the Unaffected Family Member (UFM) group

Assessments and procedures ‘ B\a/isseili?e Visit 2 ‘ Visit 3 ‘ Visit 4 ‘ Visit 5 ‘ Visit 6 ‘ Visit 7
Time point 0 months* 6 months 12 months 18 months 24 months 36 months 48 months
Inclusion/exclusion X X X X X X X
Update medical and family history X X X X X X X
Concomitant medication X X X X X X X
Height [cm] and weight [kg] X X X X X X X
Autoantibodies X - X - X X X
HbATc X X X X X X X
PBMC X X X X X X X
Blood samples for storage X X X X X X X
Urine (biomarkers) X - X - X X X
Stool (microbiome) X X X X X X X
OGTT X X X X X X X
CGM** X X X X X X X
Allocation of glucose meter at visit 1 X - - - - - -
Home collection of monthly C-peptide “ “ “ “ “ “ “
DBS and BG measurements
Retention of contact details for all
participants at clinical site B B B B B B X

*Visit to be scheduled ideally within 3 months following receipt of their autoantibody test results. ** If dysglycemia at OGTT.
HbATc — hemoglobin Alc (%); PBMC — peripheral blood mononuclear cells; OGTT - oral glucose tolerance test; CGM - constant glucose monitoring;
DBS - dried blood spot; BG - blood glucose.

Table 3. Schedule of visits for the People at Increased Risk (PIR) group

Assessments and procedures Baseline visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Time point 0 months* 6 months 12 months 18 months 24 months
Inclusion/exclusion X X X X X
Update medical and family history X X X X X
Concomitant medication X X X X X
Height [cm] and weight [kg] X X X X X
Autoantibodies X - X - X
HbATc X X X X X
Blood samples for storage X X X X X
OGTT X X X X X
CGM** X X X X X
Retention of contact details for all
participants at clinical site - B - - X

*Visit to be scheduled ideally within 3 months following receipt of their autoantibody test results. ** If dysglycemia at OGTT.
HbATc — hemoglobin Alc (%); OGTT - oral glucose tolerance test; CGM — constant glucose monitoring.

informed of the potential opportunities to join clinical of the T1D screening process and the movement towards
trials at other sites. All participants received education a holistic and patient-centered model that incorporates
on the symptoms of T1D onset and the disease manage- psychological wellbeing assessment as a key component.
ment, which contributed to the prevention of DKA develop- However, it is important to note that most participants
ment at the onset of symptomatic T1D. — being First-degree relatives of individuals living with
Unfortunately, data on potential reasons for reluctance T1D - already had substantial disease awareness and un-
or concerns about participating in and continuing the study derstanding, which may have influenced how they per-
were not collected, as well as mental health assessment was ceived and accepted the final diagnosis. Nonetheless, any
not performed; therefore there were no data enabling as- individual in need of psychological support was offered
sessment of the direct impact of screening on individuals’ assistance from a qualified psychologist at the Medical

mental wellbeing. This illustrates the shift in perception University of Silesia site.
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817 participants were enrolled in the study at the Polish INNODIA
center at the Medical University of Silesia;
First degree relatives of people living with T1D (aged between

1 and 45) were tested for AA: GADG65, IAA, I1A-2A, and ZnT8

65 (7.96%) people were identified with at least 1 positive autoantibody

48 (5.88%) were found to have
1 autoantibody present

6 people (12.5% out of 1AA group) presented
with negative autoantibody results during
the next visits — individuals removed

from the study

Fig. 2. Classification of screened individuals according to autoantibody status

17 (2.08%) were found to have
>2 autoantibodies present

2 individuals diagnosed with T1D

(without DKA):

- 6-year-old girl (22 months after screening visit)

- 10-year-old boy (4.5 months after screening visit)

T1D - type 1 diabetes; GAD65 — autoantibodies to glutamic acid decarboxylase 65; IAA — autoantibodies to insulin; IA-2A — autoantibodies to tyrosine
phosphatase-like protein; ZnT8 — autoantibodies to zinc transporter 8; 1AA group — individuals with 1 autoantibody present; DKA — diabetic ketoacidosis.

Results

Among 817 first-degree relatives of individuals with T1D,
7.96% (n = 65) tested positive for at least 1 autoantibody.
Of these, 5.87% (n = 48) had a single autoantibody, cor-
responding to an estimated 15% risk of developing T1D
within 15 years, with most progression occurring within
2 years of seroconversion. The remaining 2.08% (n = 17)
had =2 autoantibodies, associated with a 44% risk of pro-
gression to stage 3 T1D within 5 years and an almost 100%
lifetime risk.>610

Among the 48 individuals with a single autoantibody;,
6 (12.5%) subsequently reverted to seronegative status.
In 5 cases the autoantibody was GADG65, and in 1 case
IAA. These individuals represented a wide age range (3,
8, 15, 17, 34, and 39 years), with no discernible pattern
related to age at seroreversion. Four were siblings and 2
were parents of a child with T1D.

Additionally, 15 of the 48 participants with a single auto-
antibody were initially recruited as PIR rather than UFM.
At that time, eligibility for follow-up required the presence

Table 4. Age categories for study participants

% of all participants (PIR | Number of people with

of at least 2 autoantibodies. Since these participants did not
meet the follow-up criteria and no subsequent data regarding
their autoantibody status were available, the true incidence
of transient autoantibody positivity may be underestimated.
Over the course of the study, 2 children progressed to symp-
tomatic stage 3 T1D. In both cases, DKA was not observed
at the time of onset (see Fig. 2 for details).

Autoantibody identification
stratified by age

Individuals were divided into 5 age groups: 0-9, 10-23,
24-36, 37-40, and 41-45 years, each accounting for ap-
prox. 20% of the total PIR and UFM study population
(n = 817). The largest group was the 41-45 age range
(184 participants, 22.52%), while the least populous group
was the 37-40 age range (146 participants, 17.75%) (Table 4).

Most participants with positive autoantibodies had only
1 autoantibody (73.85% of the total AA+ group; n = 48).
Seventeen (26.15%) were found having 2 or more autoan-
tibodies, with 8 (12.31%) having 2 autoantibodies, 6 (9.23%)

% of AA+ within this % of AA+ in this age

Age range Number of people
[years] in this age range and UFM; 817)
1-9 163 19.95%
10-23 163 19.95%
24-36 162 19.83%
37-40 145 17.75%
41-45 184 22.52%

AA+ age category group out of all AA (+)
12 7.36% 18.46%
18 11.04% 27.69%
11 6.79% 16.92%
13 8.97% 20.00%
11 5.98% 16.92%

PIR — People at Increased Risk; UFM — Unaffected Family Member; AA — autoantibodies.



Fig. 3. Age-group distribution (%) of individuals by autoantibody count

having 3 autoantibodies and 3 (4.62%) with 4 autoantibod-
ies. The majority of AA+ individuals were aged 10-23,
accounting for 27.69% of all AA+ (18 of 65).
Consequently, 11.04% (18 of 163) of participants in this
age group had at least 1 autoantibody, while the percent-
age for other age categories ranged from 5.98% to 8.97%.
The 10-23 age group also had the highest prevalence
of 2 autoantibodies (2.5%, n = 4) and 4 autoantibodies
(1.2%, n = 2). There were 2 individuals with 3 autoantibod-
ies (1.2%, n = 2) both for the 10-23 and 2436 age category.
People between the age 10—23 accounted for 50.00% (n = 4)
of cases with 2 autoantibodies, for 33.33% (n = 2) with 3 au-
toantibodies and for 66.67% (n = 2) with 4 autoantibodies.
There is a predominance of younger individuals with
2 autoantibodies, which can be observed in Fig. 3. How-
ever, this pattern was not observed in the group with only
1 autoantibody. In contrast, participants aged 37-45 ac-
counted for approx. 46% (n=22) of the 1AA group. Ad-
ditionally, 20.83% (n = 10) of individuals with 1 autoan-
tibody were between 10 and 23 years old, while 18.75%
(n = 9) were aged 24-36. The lowest percent of people
with 1 autoantibody was in the 0-9 age group (14.58%,
n = 7). Single-autoantibody cases demonstrated a more
balanced age-profile than cases with 2 autoantibodies;
however, the aspect of a very small sample must be taken
into consideration (Fig. 3). In the 37—40 age group, 7.59%
of participants had 1 autoantibody, while the percent-
age for 2 autoantibodies and 3 autoantibodies was 0.69%
in both cases, and none was found having 4 autoantibod-
ies. Although there is a slight predominance of positive

M. Matachowska et al. INNODIA study results: Polish population

autoantibodies in younger individuals, it is important
to note that autoantibodies were detected in all age groups,
supporting the rationale for including adults (>18 years)
in T1D screening programs.

Figure 4 shows that the occurrence of specific autoan-
tibodies is in overall similar across age groups. However,
66.7% (n = 6) of IA-2A cases were in the 10-23 age group,
while this group accounted for 25% (n = 3 for ZnT8) to 35%
(n = 10 for IAA) of cases for other autoantibodies. Cer-
tainly, due to the small sample size, no firm conclusions
can be drawn at this point.

Autoantibody identification
stratified by sex

As noted, 65 participants (7.96%) had at least 1 auto-
antibody (Fig. 2). GAD65 was the most common, found
in 69.23% (n = 45) of all AA+ cases and 5.51% of all
screened (Fig. 5). [AA was found in 43.08% (n = 28; 3.43%
of UFM and PIR), followed by ZnT8 in 18.46% (n = 12;
1.47% of UFM and PIR) and IA-2A in 13.85% (n = 9; 1.10%
of UFM and PIR).

The stratification of autoantibodies by sex (Fig. 6) mir-
rored the overall incidence, with women marginally higher
(53.85%, n = 35) than men (46.15%, n = 30), which is con-
sistent with the study’s overall sex ratio (56.55% women).
In general, 7.58% of women (n = 35) in the study had positive
autoantibodies, compared to 8.45% (n = 30) of men. There-
fore, although a greater number of women tested positive
for autoantibodies, the detection rate relative to the number



Adv Clin Exp Med. 2026

Fig. 4. Age-group distribution (%) and number of individuals with a specific autoantibody

of participants was higher in men. Women also represented
the majority of those with 1 autoantibody (60.42%, n = 29).
In contrast, the majority of those with >2 autoantibodies
were male: 62.50% (n = 5) for 2 autoantibodies, 66.67%
(n = 4) for 3 autoantibodies and 66.67% (n = 2) for 4 auto-
antibodies. Despite predominance of women in the study,
GADG65 incidence was similar: 5.19% (n = 24) in women
and 5.92% (n = 21) in men. IA A was more frequent in men
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Fig. 5. Distribution of specific autoantibodies identified among study
participants

(4.23%, n = 15) than women (2.81%, n = 13), while IA-2A
was even 4 times more frequent in men (1.97%, n = 7) than
women (0.43%, n = 2). Again, no definite conclusions can be
drawn about the prevalence of specific autoantibodies across
age groups due to the limited number of cases in each group.

Participants with 2 or more autoantibodies

Type 1 diabetes screening enables to identify individuals
atan early stage of T1D. Those in stage 1 face a nearly 100%
lifetime risk of progressing to stage 3 T1D.>*1%1> Given
the importance of early detection and monitoring, data

Fig. 6. Sex-based distribution (%) of individuals with a specific
autoantibody



Table 5. Description of (2 or more AA+) group of study participants

M. Matachowska et al. INNODIA study results: Polish population

% of detected specific AA
in 22AA (+) group to all 17 cases

% of detected specific AA in (+)

group to all 65 cases of AA (+)

Prevalence of specific L (5276 e SEE
Type of A AA in 2AA (+)prou to the total number of screened
- group participants (817)
GAD65 16 1.96%
IAA 13 1.59%
IA-2A 9 1.10%
ZnT8 8 0.98%

of the 2AA (+) group
24.62% 94.12%
20.00% 76.47%
13.85% 52.94%
12.31% 47.06%

AA - autoantibodies; ** 2AA (+) group - individuals with autoantibodies present; GAD65 - autoantibodies to glutamic acid decarboxylase 65;
IAA — autoantibodies to insulin; IA-2A — autoantibodies to tyrosine phosphatase-like protein; ZnT8 — autoantibodies to zinc transporter 8.

Table 6. Autoantibodies combinations in the (2 or more AA+) group

Frequency of given AA
GAD65 | IAA | IA-2A | ZnT8 configuration in the group
of study participants with (+)
=+ = =5 4
+ - - 4
+* 4 A 3
+ - + - 3
+ + + - 2
- - + + 1

AA — autoantibodies; ** 2AA (+) group - individuals with autoantibodies
present; GAD65 — autoantibodies to glutamic acid decarboxylase 65;
IAA — autoantibodies to insulin; IA-2A — autoantibodies to tyrosine
phosphatase-like protein; ZnT8 — autoantibodies to zinc transporter 8.

for participants with multiple (2 or more) autoantibodies
were analyzed separately (Table 5).

Seventeen participants (1.96% of the UFM and PIR group,
n = 817) had multiple (2 or more) autoantibodies, represent-
ing 26.15% of all those with AA+. These individuals were
classified as stage 1 T1D, as all had normoglycemia, and
back then no continuous glucose monitoring (CGM) was
required for them.

In both the AA+ group and the = 2AA group, GAD65
and IA A occurred with the highest prevalence. For people
with > 2 autoantibodies, IA-2A was 3' most frequent (9 out
of 17), while in the overall AA+ group, it was ZnT8.

Six out of the 17 participants with > 2 autoantibodies
were female, with age ranging from 1 to 37 years (1, 6, 11,

13, 35, 37). The remaining 11 participants were male, with
age ranging from 2 to 40 years (2 (n = 2), 3, 10, 11 (n = 2),
12, 12, 15, 33, 40).

To observe the co-occurrence of autoantibodies and
their combinations in the study participants, all configu-
rations and their frequencies are presented in the Table 6.

Follow-up diagnoses of stage 3 T1D
in study participants

Within this group, a 6-year-old girl and a 10-year-old
boy progressed to stage 3 T1D, both without developing
DKA at diagnosis (Table 7).

The 6-year-old girl tested positive for 2 autoantibodies
— GADG65 and IAA - at screening visit and progressed
to stage 3 T1D after 22 months. At her last follow-up
visit, 53 days before clinical onset, there were no signs
of dysglycemia (HbAlc: 36.64 mmol/mol). She began reg-
ular visits at the Diabetes Outpatient Department and,
21 months post-diagnosis, is being treated with insulin
injections twice a day. Her current HbAlc is 5.2%, with
a time in range (TIR) of 93%.

The 9-year-old boy, positive for GAD65,IAA and IA-2A
at screening, progressed to stage 3 T1D within only
4.5 months. IA-2A presence, high autoantibody levels and
high-affinity screening have been shown to predict rapid
progression to clinical T1D.>! Similarly to the 6-year-old
girl, his follow-up visit took place 50 days before disease
onset and presented no dysglycemia (HbAlc: 36.62 mmol/
mol). Now 13 years old, he attends follow-up visits, using

Table 7. Description of individuals diagnosed with type 1 diabetes (T1D) during the study

Variable

6-year-old girl

10-year-old boy

Family history sibling living with T1D

AA preset at screening GADG65, IAA
Time of diagnosis
DKA no DKA at diagnosis

36.64 mmol/mol

HbA1c at last follow-up visit (53 a2 befora diagnosi)

Current data

22 months after screening visit

10 years old, HbA1c 5.7%; TIR 93%, insulin injection twice a day

sibling living with T1D
GADGS, IAA, 1A-2A
4.5 months after screening visit
no DKA at diagnosis

36.62 mmol/mol
(50 days before diagnosis)

13 years old, HbA1c 7.4%, TIR 58%, insulin pump 0.8 u/h

GADG5 - autoantibodies to glutamic acid decarboxylase 65; IAA — autoantibodies to insulin; IA-2A — autoantibodies to tyrosine phosphatase-like protein;
DKA - diabetic ketoacidosis; HbAlc — hemoglobin Alc (%); TIR - time in range (%).
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an insulin pump (0.8 units/h), with a TIR of 58% and
an HbAlc of 7.4% At times, he may question or be reluc-
tant to follow his treatment plan, which is not uncommon
for individuals his age.

Autoantibody profiles stratified
by family relationship

The largest group of participants were parents of in-
dividuals with T1D (60.59%, 495), followed by siblings
(38.19%, 312) and children of parents with T1D (4.41%, 36).
It is important to note that individuals may be counted
more than once if they fit multiple categories. Among
children with a parent diagnosed with T1D, 8.33% (3/36)
were positive for at least 1 autoantibody, while for parents
of children with T1D it was 7.27% (36/495). The high-
est percentage of autoantibodies was found in siblings,
at 9.62% (30/312).

Among those with 1 autoantibody, 66.67% (n = 32) were
parents of children with T1D, 35.42% (n = 17) were siblings
and 4.17% (n = 2) were children of a parent with T1D.
The highest incidence of 2 autoantibodies was found in sib-
lings of individuals with T1D, who accounted for 75% (6 out
of 8) of all individuals with 2 autoantibodies.

Three autoantibodies were only found in siblings (n = 4,
66.67%) and parents of children with T1D (n = 3, 50.00%),
while 4 autoantibodies were observed exclusively in 3 in-
dividuals, all of whom were siblings of a person with T1D.

When examining autoantibody prevalence by the fa-
milial relationships, GAD65 was most common in both
siblings and parents. Of the 45 individuals with positive
GAD65, 53.33% were siblings and 48.89% were parents.
Only 4.44% were children of parent with T1D. It is impor-
tant to consider that individuals may have multiple familial
connections to an individual with T1D.

Similarly, IA A was most often found in siblings (53.57%;
n = 15) and parents of individuals with T1D (42.86%;
n = 12). Interestingly, 88.9% (n = 9) of those with IA-
2A were siblings and 11.10% (n = 1) were parents. No
cases of IA-2A were observed in children of T1D par-
ents. The same pattern was seen for ZnT8, which was
found only in siblings (50.00%; n = 6) and parents (66.67%;
n=28).

Discussion

The Polish INNODIA cohort provides insight into T1D
development risk in the first-degree relatives of people
living with T1D. Among the 65 participants with auto-
antibodies, 73.8% (n = 48) had 1 positive autoantibody,
with GAD65 and IAA being most common. Despite
the smaller sample size (n = 817), the findings are consis-
tent with the broader INNODIA dataset (n > 4,400) and
with the Type 1 Diabetes TrialNet Pathway to Prevention
Study (TNO1), a USA-based consortium (n > 250,000), both

of which focus on screening first-degree relatives of indi-
viduals with T1D.1016

Although both studies were still ongoing as of 2022 and
had not yet reported final results, they demonstrated simi-
lar patterns in autoantibody prevalence, with GAD65 and
IAA being the most frequently observed.!® In the Polish
INNODIA cohort, 7.96% of first-degree relatives tested
positive for at least 1 autoantibody, compared to 5.00%
in TrialNet TNO1. The prevalence of >2 autoantibodies
in the Polish cohort (2.08%) was comparable to that re-
ported in the overall INNODIA (2.6%) and TrialNet TNO1
(2.5%) studies. 116

These similarities suggest that autoantibody patterns
in the Polish data align with those in larger international
cohorts, though caution is needed due to the limited sam-
ple size. Despite differences in number of participants and
regions, these studies indicate consistent T1D risk in first-
degree relatives across populations. While Poland lacks
a national T1D screening program, a study performed
by the Medical University of Bialystok reported that 7.78%
of 3,575 children screened had at least 1 autoantibody,
with markedly higher prevalence of a single autoantibody
(6.60%; n = 236) compared to multiple autoantibodies
(1.17%, n = 42). It is important to note, however, that this
study focused on children aged 1-9 years, a younger cohort
than that examined in the INNODIA study, and included
abroader population, not limited to first-degree relatives.'

Type 1 diabetes mellitus screening in clinical practice
enables the detection of early-stage disease, reducing
the incidence of DKA and facilitating enrollment in clini-
cal trials for disease-modifying therapies. Early diagnosis
through screening reduces DKA rates at onset to below
5%, whereas in Poland, 30—40% of children with newly
diagnosed T1D present with DKA >1518-20

Prior screening, metabolic staging and education help
eliminate clinical differences between individuals with and
without a family history of T1D.182! In the Frlda study, par-
ticipants who did not receive early intervention — including
education — had higher HbA1c levels and more frequent
hospitalizations compared with those who did.” Similarly,
individuals with a family history had lower HbAlc levels
(9.3% vs 10.6%) and fewer cases of severe ketonuria com-
pared to those without a family history. These studies em-
phasize the importance of awareness and early detection
through screening and proper education.?

In the Polish INNODIA study, most A A-positive individ-
uals (73.8%, n = 48) presented with a single autoantibody.
Although their risk of progressing to T1D is comparatively
lower — with approx. 50% of children showing transient
positivity — they still require careful monitoring, particu-
larly younger individuals and those within the first 2 years
of seroconversion.®

Type 1 diabetes screening is a complex process, with
various factors potentially influencing the decision to par-
ticipate such as fear of positive result or inability to prevent
T1D.?>23 To improve participation, it is essential to address
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the emotional challenge associated with screening and
to provide appropriate psychological support, particularly
for individuals experiencing anxiety about the results.
Providing support and educating individuals on T1D,
its autoimmune causes, symptoms, and the importance
of early detection can reduce stress and encourage contin-
ued involvement. A balanced approach combining medical
information and emotional support is a key to motivating
participation.

Limitations of the study

In Poland, over 1/3 of children newly diagnosed with
T1D present with DKA.!81 The INNODIA study, which
focused on first-degree relatives of individuals with T1D,
does not fully represent the general population. Accord-
ingly, broader screening and early detection initiatives
should be implemented to encompass the general pub-
lic. A proactive approach, emphasizing early recognition
of symptoms and timely support, should be incorporated
into care protocols for individuals at the earliest stages
of T1D. Additional analyses, such as the influence of birth
order and sibling sex, may provide further insights, al-
though the relatively small sample size in this study limits
the reliability of such conclusions.

Conclusions

Analysis of the Polish INNODIA results reveals a simi-
lar occurrence of autoantibodies in first-degree relatives
of people with T1D when compared to other European
countries. Early detection of T1D is an evolving initia-
tive that offers valuable medical care not only to rela-
tives of people living with T1D but also to the broader
population.

Although the process is complex and optimal strate-
gies are still under development, substantial progress
has been achieved since the early phases of the INNO-
DIA screening program. These advances provide a solid
foundation for the potential implementation of national
screening initiatives, with the ultimate goal of improving
patient care.
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