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Abstract

Type 1 diabetes is an autoimmune disease that targets and destroys insulin-producing beta cells in the pancreatic islets. The
incidence of type 1 diabetes is rising globally. At the clinical diagnosis of type 1 diabetes, between 20% and 67% of children
and adolescents present with diabetic ketoacidosis (DKA) requiring hospitalisation, and one-third of these require intensive
care. Type 1 diabetes can be detected in early stages, prior to the insulin-requiring clinical diagnosis, through screening for
islet autoantibodies (IAbs). Identifying individuals with early-stage type 1 diabetes, combined with monitoring of and edu-
cation on disease progression, prevents DKA and results in a milder clinical onset. This allows for timely insulin initiation
in outpatient settings and improved long-term glucose management. Early diagnosis also enables access to novel disease-
modifying therapies that can delay the clinical onset of diabetes. In this international consensus, we provide guidance on the
principles and practice of implementing general population screening for IAbs to diagnose early-stage type 1 diabetes. We
also outline the minimum requirements for establishing effective population screening programmes to diagnose early-stage
type 1 diabetes through IAb detection. This consensus statement has been endorsed by the following professional associa-
tions: Advanced Technologies & Treatments for Diabetes (ATTD); Association of Diabetes Care and Education Specialists
(ADCES); Association Belge Du Diabete; Associazione Medici Diabetologi (AMD); Australian Diabetes Society (ADS);
Belgian Diabetes Liga; Breakthrough T1D; Czech Diabetes Society (CDS); EASD; Finnish Diabetes Association (FDS);
Fondazione Italiana Diabete (FID); International Diabetes Federation (IDF)-Europe; International Society of Paediatric and
Adolescent Diabetes (ISPAD); Paediatric Endocrinology Nursing Society (PENS); Polish Diabetes Society; Portuguese
Diabetes Association (APDP); Sociedade Portuguesa de Diabetologia (SPD); Societa Italiana di Diabetologia (SID); Société
Francophone du Diabéte (SFD) and Type 1 Diabetes Exchange (T1D Exchange).
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TIDRA Type 1 Diabetes Risk in Adults
TEDDY The Environmental Determinants of Diabetes in
the Young

Introduction and rationale

Type 1 diabetes is an autoimmune disease in which the
immune system targets and destroys insulin-producing beta
cells in the pancreatic islets. Symptomatic type 1 diabetes
is an important health problem, with annual incidence rates
ranging worldwide from 0.2 to 64.2 cases per 100,000 chil-
dren and adolescents [1]. The incidence is rising by approxi-
mately 3% annually [2]. Although type 1 diabetes has been
classically defined by the presence of hyperglycaemia that is
associated with increased risks for microvascular and mac-
rovascular disease [3, 4], there are recognised early stages
of type 1 diabetes during which the underlying autoimmune
pathogenesis is detectable but symptoms are absent [5]. Each
stage has discernible characteristics (Table 1) [5, 6]: stage
1 is characterised by the presence of two or more confirmed
islet autoantibodies (IAbs) with normoglycaemia; stage 2
is characterised by autoimmunity (usually multiple IAbs)
and dysglycaemia; and stage 3 is characterised by autoim-
munity, hyperglycaemia and usually by overt symptoms,
commonly including polydipsia, polyuria, fatigue, weight
loss, polyphagia, blurred vision and, particularly in young
children, thrush. At present, four IAbs are used clinically
to detect early-stage type 1 diabetes (Table 2). It should be
noted that islet cell antibodies (ICAs), measured by immuno-
fluorescence assays, have historically been used to identify
individuals with IAbs in research settings [7, 8]. However,
for the purposes of general population screening, the use of
assays directly measuring IAbs to the target antigens listed
in Table 2 (insulin, GAD65, insulinoma antigen-2 [IA-2] and

ZnT8) are recommended for diagnostic purposes, and ICAs
should only be used for research purposes.

Often, a type 1 diabetes diagnosis is first made following
presentation to the emergency department or admission to
hospital with diabetic ketoacidosis (DKA), which may be
life-threatening in children at onset of type 1 diabetes [9] and
can have serious acute and chronic consequences, including
the development of acute kidney injury (AKI) due to circu-
latory volume depletion [10, 11]. DKA at diagnosis is also
associated with longer-term issues for metabolic control,
including elevated HbA . compared with individuals with
type 1 diabetes but no or mild DKA at diagnosis [12—14] as
well as increased risk of subsequent episodes of DKA [15,
16]. Importantly, even single episodes of DKA have detect-
able neurocognitive consequences [17, 18]. The incidence of
DKA at diagnosis of type 1 diabetes in children and adoles-
cents varies considerably by region [19-24] with recent data
indicating rates of 20% in Sweden [19], 21-36% in Germany
[24], 41% in Australia [25] and 35-58% in the USA [26, 27].
Younger age of children and adolescents has been associated
with higher risk of DKA at diagnosis in some studies (OR
1.59-1.80) [21, 28], whereas data from a Finnish study has
reported higher rates in children 10-14 years old (26.4%)
at pubertal age, compared with children aged <4 years
(16.5%) or 5-9 years (14.6%) [29]. DKA event rates of 23%
at diagnosis have been reported for adults aged 18—45 years
[30]. Population-based studies [19, 21, 28] have correlated
younger age, not having a relative with type 1 diabetes, race/
ethnicity minority status and poor health insurance status as
predictors of DKA at diagnosis. Age-related DKA risk is
clearly more complex than age alone; however, youth with
these associated demographic characteristics may particu-
larly benefit from screening, early detection and monitoring.

Early detection and diagnosis of early-stage type 1 dia-
betes by IAb screening and participation in monitoring

Table 1 Nomenclature for stages of type 1 diabetes associated with a positive autoantibody screen [5, 6, 52]

Terminology Stage of type ICD-10 code® IAb status Glycaemic status
1 diabetes
At increased risk for type 1 diabetes Stage 0° E10.A0 Single IAb Normoglycaemia
Early-stage or presymptomatic type 1 diabetes  Stage 1 E10.A1 or R76 >2 IAb Normoglycaemia
Stage 2 E10.A2 or R76 Usually >2 IAb  Dysglycaemia by ADA criteria [6]
accompanied by
R73.0
Stage 3 type 1 diabetes (clinical diagnosis) Stage 3 E10.9 IAb present Persistent hyperglycaemia by

ADA criteria [6] with or without
symptoms

*E10 Codes defined by Centers for Disease Control in the USA and R73 (abnormal GTT) and R76 codes (abnormal immunological findings in
serum) applied by WHO ICD-10 classifications for use outside the USA. Other ICD-10 codes of interest are as follows: family history of type
1 diabetes (Z83.3); personal history of diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism

[autoimmune disease] (286.2); and screening for diabetes mellitus (Z13.1)

®As defined by TrialNet
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Table 2 Autoantibodies used to detect islet autoimmunity and early-stage type 1 diabetes

Autoantibody Antigen specificity Characteristics
T1AA Insulin Common as a first detected IAb in young children [141, 142]
More common in younger children [109]
GADA GAD Common in children, adolescents and adults with early-stage type 1 diabetes [141-143]
Not specific to islet cell autoimmunity or early-stage type 1 diabetes [144, 145]
IA-2A Tyrosine phosphatase Associated with a faster progression to stage 3 type 1 diabetes [122, 123]
islet antigen-2
ZnT8A ZnT8 Presence can improve risk stratification in individuals with single GADA, IAA or IA-2A [146]

programmes markedly reduces the incidence of DKA at
stage 3 type 1 diabetes, often to below 5%. For example, at
one US diabetes centre, monitored children with early-stage
type 1 diabetes had a DKA rate of 4.9%, compared with
48.5% in the regional general population [31]. Even those
not enrolled in active follow-up showed partial benefit, with
an intermediate rate of 21.4% [31]. Similarly, the Frlda gen-
eral population screening study in Germany reported a DKA
rate of 3.2% among children with early-stage type 1 diabe-
tes who were monitored [32, 33], compared with national
rates of 21-36% [24]. In Italy, regional pilot programmes for
islet IAb screening significantly reduced DKA incidence in
young children compared with the incidence in unscreened
regions, providing evidence that increased general awareness
about type 1 diabetes, especially by physicians, played a key
role [34]. The Environmental Determinants of Diabetes in
the Young (TEDDY) study has followed at-risk participants
aged from <2 years to 15 years. Among those aged 3 months
to 5 years, incidence of DKA at stage 3 type 1 diabetes diag-
nosis was reduced to 15% compared with national rates of
29-54% reported in countries where TEDDY participation
was unavailable [35].

Decades of research has investigated therapies to induce
immune tolerance, protect beta cells and prolong endog-
enous insulin production. Teplizumab was approved by the
US Food and Drug Administration (FDA) in November 2022
[36], by the UK Medicines and Healthcare products Regu-
latory agency (MHRA) in August 2025 [37], with market-
ing authorisation issued by the European Commission on 8
January 2026 [38]. Health Canada gave teplizumab market-
ing approval in May 2025 but Canada’s Drug Agency has
recommended it not be reimbursed [39]. Teplizumab has
been shown to delay progression of stage 2 type 1 diabetes
to stage 3 type 1 diabetes by a median of 2.7 years [40],
thus extending the time until insulin therapy is required [41].
Limited real-world outcomes of teplizumab treatment also
show that progression of stage 2 type 1 diabetes is stabi-
lised or reduced over 6 months of follow-up [42], and the
impact of using teplizumab in real-world clinical practice is
increasingly the focus of discussion [43]. Approval of this
therapy marks a paradigm shift in type 1 diabetes clinical

care, introducing immunological therapies in addition to
metabolic therapies to the clinical toolkit. Clinical trials are
underway to identify other agents that can delay type 1 dia-
betes disease progression [44].

The goals of general population screening for the pres-
ence of IAbs and diagnosis of early-stage type 1 diabetes
encompass reducing the prevalence of DKA at presentation
of stage 3 type 1 diabetes, improving care for individuals
at all stages of type 1 diabetes, reducing healthcare costs
associated with DKA and management of type 1 diabetes,
offering disease-modifying therapy as early as possible, and
providing access to clinical trials aimed at delaying disease
progression.

In this international consensus document our aim is to
provide evidence-based guidance for general population
screening for IAbs to detect and diagnose early-stage type
1 diabetes, with the expectation that this should be appli-
cable to ongoing systematic screening programmes, to
programmes in development, or to on-demand testing for
individuals who may not have participated in screening at
a recommended time. In this context, we provide clear and
actionable recommendations on current best practices, each
of which have been graded according to the ADA system
for evidence appraisal (electronic supplementary material
[ESM] Table 1) and are aligned with the WHQO’s ‘Short
Guide to Screening Programmes’ [45].

Methods

Breakthrough T1D, a non-governmental not-for-profit organ-
isation headquartered in the USA, invited healthcare pro-
fessionals (HCPs) with expertise in detection of early-stage
type 1 diabetes, using screening for IAbs prior to onset of
clinical symptoms, to participate in a consensus panel. The
consensus process was designed to follow a nominal group
technique (NGT) methodology, combining brainstorming,
discussion and refinement of ideas, to reach consensus [46].
The NGT methodology is designed to allow each participant
to voice their views at each distinct stage of the process,
and to agree or disagree within the overall group structure.
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The consensus process was not prospectively registered. The
consensus panel comprised opinion leaders drawn from aca-
demic institutions and various diabetes, paediatric and pri-
mary care associations globally. All authors of this review
are members of the consensus writing group. People liv-
ing with diabetes and family members outside of academia
were also invited to contribute. Participation in the writing
group was voluntary and was not remunerated. An initial
one-day workshop was hosted in Paris (on 20 November
2024), at which topics of relevance to the overall objective
of general population screening for IAbs were discussed.
After this activity, six working groups were incorporated to
provide informed feedback on the issues of most relevance,
with appropriate evidence to support all discussion points.
Each working group held virtual meetings moderated by
an independent participant. Each session was structured to
begin with, with each member of the group talking through
their own specific insights and ideas regarding the consen-
sus. Following these contributions, a group discussion was
conducted to identify common points for consideration as
consensus items. All virtual meetings were recorded in order
that a full review could be undertaken at any point. Once
each working group had contributed in this manner, a draft
summary of outcomes was circulated containing the consen-
sus recommendations for review. There were 12 rounds of
manuscript review and development. At the end of this pro-
cess, a blinded online voting step was undertaken from 10
September 2025 to 12 September 2025, stating each consen-
sus recommendation with the option to agree or disagree. An
80% approval rate or more was set as the adoption threshold.
All consensus panelists responded and all recommendations
within this consensus met the >80% threshold.

Screening for early-stage type 1 diabetes: definition When
screening for type 1 diabetes is considered, often genetic
screening and IAb screening are both discussed. In clinical
trials and observational studies, IAb screening for detection
of early-stage type 1 diabetes has focused on children and
adolescents with a defined genetic risk, either as first-degree
relatives of an individual with symptomatic type 1 diabe-
tes, or carrying defined high-risk HLA DR/DQ haplotypes,
or with a high type 1 diabetes genetic risk score. As such,
learned societies such as the ADA included IAb screening
of these individuals into their Standards of Care [6]. How-
ever, more than 85% of individuals with newly diagnosed
stage 3 type 1 diabetes lack a family history [47, 48], which
underlines the utility of extending IAb-based screening pro-
grammes to the general population [32, 49, 50].

In this consensus guidance, genetic screening to detect
risk of type 1 diabetes is not addressed. Genetic screening
identifies people at risk of developing autoimmune type 1
diabetes [51], while IAb screening detects the presence of
type 1 diabetes as a disease, albeit at an early stage [52].

@ Springer

Independently of the screening strategy, each of the early-
stage type 1 diabetes classifications were assigned specific
ICD-10 diagnosis codes in 2024 applicable in the USA
(Table 1) and the WHO ICD-10 classifications R76 (abnor-
mal immunological findings in serum) and R73 (abnormal
GTT) applicable outside of the USA (Table 1). These should
support access and reimbursement for interventions appro-
priate to each stage. At this time, general population IAb
screening may be more effective and practical than genetic
risk-based strategies for identifying early-stage type 1 dia-
betes and reducing complications such as DKA, especially
when considering real-world implementation challenges such
as recall rates, the complexity of informed consent and poten-
tial parental concerns around genetic screening [32, 51, 53].
This consensus guidance is focused on detecting early-stage
type 1 diabetes in the general population through screening
for IAbs, including available cost-effectiveness determina-
tions for such screening based on immediate screening costs
and long-term health economic benefits, as discussed later.

It is widely accepted that testing for IAbs should be used
for accurate classification of diabetes type at the time of
diagnosis [54, 55]; however, such differential diagnosis for
people with diagnosed diabetes is not part of this consensus
statement and will not be addressed. For additional guid-
ance, refer to published clinical guidelines related to the
diagnosis and classification of diabetes [6].

Observational and longitudinal studies that provide the cur-
rentevidence Evidence from large early-stage type 1 diabetes
screening programmes has informed these consensus recom-
mendations. These include the Type 1 Diabetes TrialNet Path-
way to Prevention study [56, 57], the Type 1 Diabetes Predic-
tion and Prevention (DIPP) Study [58], TEDDY Study [59],
the BABYDIAB study [60], DAISY [61, 62], the DiPiS study
[63], the DiaUnion/TRIAD study [64], the Type 1 Diabetes
Intelligence (T1DI) Consortium [65], the Frlda study [32, 66]
and ASK study [67]. Both the Frlda and ASK early type 1
diabetes studies implemented general population screening and
provide valuable estimates about the frequency of early-stage
type 1 diabetes and the population benefits and costs, including
DKA reduction, milder disease onset, lower long-term HbA .,
more residual insulin production and fewer hospital admissions
(see Benefits and potential harms of early detection).

Benefits and potential harms of early
detection

Application of the WHO principles that underpin the value of
public health screening is compelling in the case of early-stage
type 1 diabetes (see Text box, ‘Wilson and Jungner criteria for
public health screening for disease’) [68]. Early-stage type 1
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diabetes detection has significant benefits (Table 3). These
include the opportunity for education for symptom awareness
and monitoring of disease progression, which can markedly
reduce the incidence of DKA at onset of hyperglycaemia [32,
33, 69]. Early diagnosis and management of glucose levels
also improve treatment outcomes following the start of insulin
therapy [70, 71]. The wider benefits of general population IAb
screening are also described in Table 3. These are evidence-
based outcomes that collectively have the potential to signifi-
cantly improve the immediate and short-term health and well-
being of the individual who is diagnosed with early-stage type
1 diabetes, with associated benefits for parents and caregivers,
and reduced costs for healthcare services through reduction in
DKA and the need for hospitalisation at clinical diagnosis [32,
67, 72]. For individuals with detected IAbs, most of these ben-
efits are closely linked to participation in ongoing monitoring
programmes [31, 58].

Wilson and Jungner criteria for
public health screening for
disease [68]

e The condition should be an important health
problem.

e There should be an accepted treatment for
individuals who screen positive.

e The target population should be clearly defined
and reachable.

e Facilities for diagnosis and monitoring should be
available.

e There should be a recognisable latent or early
symptomatic stage.

e The natural history of the condition should be
understood, including the progression from
latent/early to symptomatic disease.

e There should be a suitable test for examination
that is sensitive and specific at a population level.

e The test should be acceptable to the screened
population (low burden of participation).

e The test outcomes from the screening event for
each individual should be clearly interpretable.

e There should be an agreed policy on whom to
treat.

e The cost of screening and case-finding (including
costs for monitoring and treatment) should be
economically balanced by the savings against
possible costs of treating overt disease.

e Case-finding should be a continuing process and
not a once-and-for-all effort.

The potential harms of screening are summarised in
Table 3. Several relate to misperception of risk for pro-
gression to stage 3 type 1 diabetes, as well as anxiety,
depression or restrictive dietary or behavioural changes.
It is possible to identify these consequences and ensure
that support is provided. Accurately predicting progres-
sion to clinical stage 3 type 1 diabetes remains challeng-
ing for individuals with confirmed early-stage disease
following IAb screening and glycaemic assessment,
although multivariable models offer population-specific
5 year rate projections that can be used to visualise indi-
vidual risk estimates [73]. A confirmed diagnosis of
early-stage type 1 diabetes may also lead to stigmatisa-
tion or discrimination in healthcare, insurance, educa-
tion, employment and social settings [74], all of which
require proactive intervention [75, 76]. While the costs of
implementing general population screening are a consid-
eration, available cost—benefit analyses suggest favour-
able long-term health economic outcomes [67, 72]. Suc-
cessful programmes must therefore minimise potential
harms while maximising the benefits of early diagnosis
and delayed progression to stage 3 type 1 diabetes.

Mitigation of potential harms

Public awareness of type 1 diabetes remains limited.
Therefore, education and communication in conjunc-
tion with the screening effort are essential. Results
from the Early Surveillance for Autoimmune Diabetes
(ELSA) project showed that positive parental attitudes
were linked to clear explanations of screening goals, dif-
ferentiation between type 1 diabetes and type 2 diabe-
tes, and prior experience with type 1 diabetes or other
public health programmes [77]. A systematic review of
blood-spot screening in newborn babies also emphasised
the importance of timely, transparent communication in
parental acceptance [53]. In the Frlda study, most par-
ents of children diagnosed with early-stage type 1 diabe-
tes were positive about their decision, with 84% satisfied
or very satisfied that their child participated in screening
for IAbs, and 80% assessed their decision to participate
as good or very good [78]. Similarly, a qualitative study
[79] based on interviews with parents from families with
a history of symptomatic type 1 diabetes, who had cho-
sen to have their child screened for [Abs, expressed gen-
erally positive experiences, whereas non-participants had
a negative view of screening, often based on self-directed
research. Further insights come from the UNISCREEN
pilot study in Italy, which evaluated screening for type 1
diabetes and coeliac disease [80]. Among 1535 partici-
pants, most expressed satisfaction with the process and
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90% preferred simple capillary fingerstick sampling over
venous collection.

Populations: who to screen

IADb screening to diagnose early-stage type 1 diabetes should
be offered to the general population. Most individuals who
develop stage 3 type 1 diabetes do not have a prior family
history of the disease and are at particularly high risk of pre-
senting with DKA [81]. Evidence demonstrates that general
population screening and detection of early-stage type 1 dia-
betes improves metabolic outcomes, reduces DKA incidence,
smooths the transition to insulin therapy, and altogether leads
to a milder disease onset and less anxiety at clinical onset [32,
33]. Furthermore, children with early-stage type 1 diabetes
who do not have a prior family history of type 1 diabetes
progress to stage 3 type 1 diabetes at rates comparable with
those of children with a family history or prior genetic risk
[66, 82—84]. IADb screening in the general population repre-
sents a critical step towards equitable care, enabling access
to follow-up, monitoring and emerging disease-modifying
therapies to all with early-stage type 1 diabetes.

Depending on the local context, resources and pub-
lic acceptance, some regions may choose to begin gen-
eral population screening with individuals potentially
at increased risk of early-stage type 1 diabetes, such as
relatives of people with symptomatic type 1 diabetes or
other autoimmune diseases, individuals with personal
history of other autoimmune diseases, or those iden-
tified as genetically at risk through genetic screening
programmes. Evidence shows that having a first-degree
relative with symptomatic type 1 diabetes increases the
lifetime risk of developing stage 3 type 1 diabetes by up
to 15-fold, compared with the unselected general popu-
lation [32, 85]. Additionally, a parent with autoimmune
thyroid disease, coeliac disease, rheumatoid arthritis,
pernicious anaemia, sarcoidosis, mixed connective tissue
disease or Sjogren’s syndrome has been associated with
increased risk of stage 3 type 1 diabetes in the offspring
[86]. A known genetic association with selected HLA
DR/DQ haplotypes confers a 5- to 10-fold increased risk
for early-stage type 1 diabetes [87], and individuals with
combined HLA and non-HLA genetic risk scores may
have up to 25-fold increased risk for early-stage type 1
diabetes [88]. There is also a bidirectional association
between other pre-existing autoimmune diseases and risk
for developing stage 3 type 1 diabetes, including coe-
liac disease [89, 90], autoimmune thyroiditis [89, 91],
vitiligo and systemic lupus erythematosus (SLE) [92],

Addison’s disease, polymyalgia rheumatica, multiple
sclerosis, myasthenia gravis and pernicious anaemia [93].

Policy and infrastructure When establishing a regional
or national general population screening programme, the
oversight may come from a regional or central authority
or healthcare administrator. An example of such a pro-
gramme is in Italy, where in 2023 the Italian Parliament
approved a law that mandated screening for early-stage
type 1 diabetes and coeliac disease should be offered to
all children and adolescents, and be managed through the
National Health System (SSN). The implementation phase
involved a ‘propaedeutic’ pilot study, conducted by the
Istituto Superiore di Sanita (ISS), with initial outcomes
indicating significant reductions in DKA rates at onset of
stage 3 type 1 diabetes as a consequence of increased gen-
eral public and physician awareness about clinical type 1
diabetes [34]. Other examples include regional implemen-
tation of screening, sponsored and approved by relevant
associations of healthcare providers with the objective of
achieving the framework contracts with healthcare payers
[49, 94]. Critically, the moment the screening for early-
stage type 1 diabetes is adopted by a healthcare system,
it should specify the requirement for a developed infra-
structure for follow-up confirmation and monitoring for
those with detectable IAbs, for which clinical guidance
has been published [95].

Experience from general population screening of chil-
dren and adolescents - ongoing initiatives To date, a
national public health screening for early-stage type
1 diabetes in general paediatric populations has been
governmentally mandated only in Italy [96], where
screening is still in a preliminary pilot phase to assess
sustainability [97]. The Frlda study in Bavaria, Ger-
many, was initiated as a regional public health research
screening programme for children aged 1.75 to <6.0
years, screening once between 2015 and 2019 [32, 49].
It was subsequently extended to screening children aged
1.75 to <11 years, with two screenings, 3 years apart,
in order to increase detection rates [33, 66, 82]. Fami-
lies of children who have confirmed two or more IAbs
are invited to participate in a programme of diabetes
education, metabolic staging, assessment of psychologi-
cal stress and prospective monitoring for progression of
their type 1 diabetes status. Of the >200,000 individuals
screened for IAb between 1 February 2015 and 31 July
2024, 0.30% (n=576) had early-stage type 1 diabetes
[82]. Of those who had metabolic staging (n=435), 71%
(n=309) had or developed stage 2 type 1 diabetes during
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follow-up; the 2 year risk of developing stage 3 type 1
diabetes was 32.2% for those meeting the ADA stage 2
definition [82]. It is worth noting that children in the
Frlda study identified by general population screen-
ing have a similar rate of disease progression when
compared with those with a family history of sympto-
matic type 1 diabetes and a genetic risk [32, 66, 83]. An
important component of this study was that 66.4% of
the primary care paediatricians in Bavaria participated
in the initiative and the screening test was conducted
during a scheduled visit for a well-baby check, an estab-
lished public health activity [32]. Since its initiation,
the Frlda study has been extended to other regions in
Germany, including Saxony, Lower Saxony, Hesse and
Rhineland-Palatinate, showing that general population
screening and monitoring is scalable, sustainable and
relatively low cost in the context of its scope [72].

The ASK study [44] screened for IAbs in 34,110 chil-
dren aged 1-17 years from 2017 to 2023. Participant age,
sex, and race/ethnicity matched a Colorado population
demographic. Only 6% of participants had a first-degree
relative diagnosed with type 1 diabetes. Most partici-
pants were screened in paediatric clinics and outpatient
labs. Type 1 diabetes autoantibodies, including TAA,
GADA, TA-2 autoantibody (IA-2A) and ZnT8A, as well
as transglutaminase antibodies to detect coeliac disease
or coeliac autoimmunity, were measured using both
standard radiobinding assay (RBA) and a more specific
electrochemiluminescence (ECL) assay, distinguishing
predictive IAbs (high-affinity) from non-predictive ones
(low-affinity) [98, 99]. Screened children with detectable
IAbs were invited to a confirmation visit that included
measurement of IAbs by RBA and ECL, HbA,, random
blood glucose and detailed review of symptoms. At the
initial screening or confirmation, 0.54% of the children
had multiple IAbs (stage 1 type 1 diabetes) and a further
0.42% had a single high-affinity IAb (RBA* and ECL™).
During a 3 year follow-up, on average, progression to
stage 3 type 1 diabetes was observed in 29% of children
with multiple IAbs and in 6.3% of those with a single
high-affinity IAb [100]. Among children who were con-
firmed with early-stage type 1 diabetes, 4.5% had DKA
at diagnosis, compared with 58% reported for unscreened
Colorado children [27].

Following the Frlda model, the EDENTI1FI consor-
tium has published a Master Protocol [101] that covers
public health screening for the presence of IAbs in chil-
dren and adolescents, including staging using OGTTs,
elevated HbA |, random glucose or continuous glucose
monitoring for IAb-positive participants. Significantly,
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the protocol also makes recommendations for educa-
tion, monitoring and follow-up of children screened
positive for early-stage type 1 diabetes and their fami-
lies. General population screening for IAb is ongoing
or planned in the Czech Republic, Germany, Denmark,
Italy, Poland, Portugal, Sweden and the UK, with at
least 200,000 individuals aged 1-17 years expected to
be screened over the 5 year study period, either using
independent methodologies or following the EDENT1FI
Master Protocol [101].

Preliminary data from general population screening of
adults More than half of cases of new-onset stage 3
type 1 diabetes are diagnosed in adults [102]. Data from
the ASK study indicate that adults (mean age 41 years)
screen positive for multiple (two or more) IAbs at a rate
similar to or higher than the rate in children and adoles-
cents (0.6% adults vs 0.4% youth) [103]. In this study,
1.7% of adults also screened positive for a single high-
affinity IAb, compared with 0.5% of youth. At the time
of enrolment, 10% of paediatric and adult participants
reported a family member with type 1 diabetes but this
was not an exclusion criterion. It should be noted that
in other studies the prevalence of IAbs in adults with
normal glucose tolerance was low, with no predictive
value for progression to future stage 3 type 1 diabetes
[104]. However, this study was based on data obtained in
1990 when the overall prevalence of islet autoimmunity
was lower than it is currently. Moreover, it considered
only GADA and [A-2A, so is limited by the absence of
data on other IAbs, such as IAA and ZnT8A, used for
detecting early-stage type 1 diabetes. More recent data
from the T1D TrialNet study have also suggested adults
with a family history of type 1 diabetes are more likely
than children to screen for a single IAb (4.0% vs 2.6%)
but have a lower prevalence of multiple IAbs (0.83% vs
2.8%) [105]. However, adults with stage 2 type 1 diabetes
at initial staging (using OGTT) had comparable 5 year
risk of progression to stage 3 type 1 diabetes as children
(78% for each group) [105].

The prevalence of DKA at diagnosis of stage 3 type
1 diabetes in adults is significant [30, 106]. The Type 1
Diabetes Risk in Adults (TIDRA) study [107] in the UK
has undertaken general population screening in adults
up to 70 years of age, with self-collection and return
of fingerstick capillary blood samples via postal kits.
T1DRA is aligned with the ELSA childhood screening
study [108]. Each initiative aims to screen at least 20,000
individuals.
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Consensus recommendations

e Where policy and infrastructure is in place, [Ab screen-
ing for early-stage type 1 diabetes should be offered to
the general population. [C]

e Targeted screening of individuals who are at increased
risk due to personal or family history of autoimmune
disease may be a practical starting point for screening
but the ultimate goal is general population screening.
[C]

e Screening awareness communications should emphasise
the benefits of timely detection of early-stage type 1 dia-
betes. [B]

e Prior to starting general population screening for early-
stage type 1 diabetes, there must be a developed infra-
structure for (1) confirmation of positive results and (2)
monitoring for those with early-stage type 1 diabetes,
including referral pathways between primary and sec-
ondary care, and between paediatric and adult services,
as needed. [C]

Age and cadence for general population
screening for islet autoantibodies

Among children genetically at risk followed from birth to
stage 3 type 1 diabetes, the incidence of development of IAbs
was highest between the ages of 9 months and 3 years, and
decreased rapidly after age 6 years [60, 109, 110]. A two-
times screening strategy, first at age 2—3 years, then a second
at age 5-7 years, fits with established primary care well-
baby and school-readiness visits or vaccination schedules.
The T1DI study group used harmonised data from the DIPP,
BABYDIAB, DiPiS, DAISY and DEW-IT studies to assess a
two-age screening strategy for 6722 children from first inclu-
sion in each registry to 15 years of age or until diagnosis of
stage 3 type 1 diabetes [65]. The study found that the optimal
age for single-age IAb screening was 4 years but that sensitiv-
ity and positive predictive value (PPV; see Text box, ‘Using
IAD screening results to inform progression to symptomatic
type 1 diabetes’) was optimal when a two-age screening strat-
egy was used, once at approximately 2 years of age and again
at approximately 6 years of age. These observations concur
with the data from the TEDDY study, which included children
with the highest HLA-conferred genetic risk [110], and with
the Frlda study, which included children from the general
population [51, 69, 111]. A second analysis by the T1DI study
group concluded that a one-time IAb screening at age 10 years
was highly predictive of developing stage 3 type 1 diabetes
by age 18, with a sensitivity of 90% and a PPV of 66% [112].

Using IAb screening results to
inform progression to
symptomatic type 1 diabetes

Positive predictive value

In the context of IAb screening, the PPV associated
with detectable |Abs is an important component of
determining how likely it is that a person will progress
to stage 3 type 1 diabetes (e.g. detection of IA-2A has
a greater PPV than detection of GADA). Similarly, the
concentration of IAb detected may influence the PPV.

Negative predictive value

Following general population screening, the negative
predictive value (NPV) refers to the probability that
individuals who participate will not develop type 1
diabetes. An initial screening result with fewer than
two |Abs will have a high NPV for developing type 1
diabetes at that moment.

In the general population of adults, aged 18 years and
older, there are limited data to inform an optimal age or
frequency of IAb screening. The TrialNet study and others
[113, 114] have reported that adults with a family history
of type 1 diabetes, who have been identified as IAb posi-
tive, exhibit slower progression to stage 3 type 1 diabetes
requiring insulin [113], with a 5 year rate of 15% compared
with 35% for children aged 12 years or younger. Overall,
there is an unmet need for more data on the frequency and
progression of IAb screening in general population adults.

Consensus recommendations

e General population screening at age 2—4 years and, if
IAb-negative, again at age 68 years and at age 10-15
years is recommended for detecting individuals with
early-stage type 1 diabetes. Children who have never
been screened should catch up by joining this sched-
ule at the earliest opportunity [B]. For any screening,
the age ranges indicated can be adapted to the screen-
ing opportunities provided within established public
health activities. [E]

e Lessis known about early-stage type 1 diabetes progres-
sion in the general population older than 15 years. If not
done earlier, a one-time screening after 15 years of age
may be considered in conjunction with established public
health activities. [E]
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General population screening: the steps

Overall, an effective IAb screening programme is a step-
wise process, which funnels a large number of individu-
als through a series of decision gates that each increase
confidence in the final outcome. The process starts with
an initial screening for IAb and concludes with metabolic
staging assessments and the diagnosis of early-stage type
1 diabetes. These steps are outlined in the Text box, ‘The
flow of testing in general population screening for early-
stage type 1 diabetes’.

The flow of testing in general
population screening for early-
stage type 1 diabetes

Step 1: initial screening

Initial screening should consist of simple,
manageable and low-cost testing that is realistic
across different healthcare economies with different
abilities to fund a screening process. Assays for initial
IAb screening should have adequate sensitivity and
specificity, as well as applicability to this high-volume
part of the process.

Step 2: confirmation test

For the small percentage of individuals who screen
positive for two or more detectable |Abs, there must
be a confirmation test on a separate sample to
confirm a diagnosis of stage 1 or stage 2 type 1
diabetes. This confirmation must be highly specific
such that the ‘diagnosis’ of early-stage type 1
diabetes is made with high confidence. For IAb
screening, this may mean confirmation using a
different, high-specificity I1Ab test, ideally at a referral
centre with expertise in this part of the process.

Step 3: metabolic assessment

For staging and prediction of disease progression,
changes in glucose metabolism should be aligned
with the criteria shown in Table 1. Metabolic
assessment using OGTT requires administration by a
trained HCP.

Participation, context and setting Experience with diverse
public health initiatives indicates that optimising participa-
tion requires a low burden for the person to be screened,
including for parents of screened children. The Frlda gen-
eral population screening study made sample collection part
of a business-as-usual visit to a family paediatrician for a
routine well-baby check-up [32, 49]. This had the benefit of
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also minimising the burden for HCPs. Equally important is
adequate reimbursement for the work involved in screening,
as well as for maintaining a reference centre that coordinates
screening-related activities, including materials, informa-
tion, shipments, results reporting and recommendations for
appropriate follow-up. With the availability of multiplex re-
agents and small-volume assays, the opportunity also exists
to screen for several autoimmune diseases at once, with lit-
tle extra burden for the participant, including screening for
type 1 diabetes, autoimmune thyroiditis or coeliac disease
[64, 98,99, 115, 116].

The opportunities to incorporate IAb screening as part
of a ‘business-as-usual’ public health activity may include
well-baby and well-child clinics, and early childhood vac-
cination programmes (e.g. the measles, mumps and rubella
triple vaccine), each of which are part of a visit to a health-
care clinic or through a home-visit by an HCP. These exist-
ing public health activities are convenient for family mem-
bers and leverage established expectations, although there
must be capacity available for additional communication and
screening tasks. It is also important to demonstrate that they
do not compromise participation in the existing public health
activities. Ideally, IAb screening should not be an ad-hoc
event, adding to the burden of participation, and must ensure
equity of access across all individuals, unrestricted by socio-
economic status, race/ethnicity, geography or health insur-
ance status [44, 45, 117]. The screening must also be part
of a structured activity that is supported for this purpose.
Integration in this way can optimise the participation of pri-
mary healthcare teams. For school-age children, vaccination
programmes managed in the school setting may provide an
opportunity to combine with IAb screening. A qualitative,
proof-of-concept as part of the T1Early study [118] found
that parents of children screened for IAbs during attendance
at an established preschool vaccination visit, were univer-
sally positive about the combined public health scheduling.
Significantly, the group indicated that they would have been
less likely to participate in screening if it was separate from
the visit to the vaccination clinic.

For adults, the options to combine participation can
include routine blood checkups and health checks for
elevated glucose, cholesterol or hypertension [119]. Each
of these checks can be delivered in primary care settings.
Workplace employee health screening is now also routine
for many individuals, with the goal of improving workforce
health and productivity. Both for adults and for children, the
use of postal kits for self-sampling and return of samples is
also seen as viable [64, 107].

The ideal setting (or settings) for [Ab general popula-
tion screening will depend on local practices and capac-
ity for public health initiatives, and their ability to adapt
and include IAb screening. In the European EDENT1FI
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Identify the population eligible for

Decide who is to be screened, their ages and locations, and
how to communicate with them

Invite participants, including caregivers, to take part, providing
information tailored as needed to enable informed choice

Take samples as needed and deliver to the screening laboratory
Using an agreed assay strategy, determine who has detectable
IAb? suggestive of early-stage T1D

Inform individuals with detectable IAb? of the result® and the next

Let those with negative screening results know the outcome

Confirmation of IAb status should be performed on a separate
venous blood sample, ideally using a different assay method

Initiate education and support
Referral for participation in monitoring and/or intervention studies

Analyse data to improve screening processes, outcomes

1 screening
2 Inform and invite participants
3 Conduct the screening test
4 Confirm true-positive results and
identify false-negative results
Referral of those with positive
5 screening results and reporting of steps
negative screening results
Confirmation testing and diagnosis of
6 early-stage T1D
Monitoring and treatment of
7 early-stage T1D
8 Reporting of all outcomes

and cost-effectiveness

Fig. 1 The flow of actions in a general population IAb screening programme. *Two or more IAbs detected. *Personal contact required, not auto-

mated emails, texts or pro-forma letters. T1D, type 1 diabetes

project, which focuses on children in the general popula-
tion [101], blood sample collections for screening are per-
formed by primary care physicians and paediatricians or
paediatric hospitals, during preventive medical checkups,
other paediatric visits, hospital stays and through school
or home tests. Participation in screening programmes is
not expected to be mandatory. For any person offered and
encouraged to participate, it is important that there is a
clear and informed mechanism for opting in or opting
out of the screening process; this mechanism may differ
depending on the location and operational boundaries of
the prevailing healthcare system. Whatever the setting,
the requirement for active follow-up and monitoring must
be met for all individuals with confirmed IAb positivity,
and must be built in to the general population screening
infrastructure.

Consensus recommendations

e JAD testing should be embedded in established public
health activities that minimise the barriers to participa-
tion and leverage existing structures. These can include,
but are not limited to, vaccination clinics and well-child
clinic appointments. It is expected that different health-
care services will adopt the screening context that is most
appropriate to their regional public health capacity and
process. [E]

e [AD screening should promote equity of access for all
individuals, independent of socioeconomic status, ethnic-
ity or regional location. [B]

e Whenever and wherever screening is offered, the pro-
vider (the person managing the screening visit) should
be knowledgeable on key points relevant to the screen-
ing process, including the components of pre-screening
awareness and information, the screening event, the
delivery of results and any necessary referral process. It
is expected that adequate reimbursement for these activi-
ties is available. [E]

Assays

Public health screening programmes are a process leading
to the diagnosis of early-stage type 1 diabetes [45, 111].
The steps in this process are described briefly in Fig. 1. For
steps 3-3, it is possible that a central reference laboratory,
with capacity for high-throughput screening, can manage
this part of the process, including, shipping tests and col-
lection. To date, a series of assay modalities have been
used in IAb detection, including RBA, ELISA, ECL assay,
luciferase immunoprecipitation (LIPS), antibody detection
by agglutination-PCR (ADAP) and chemiluminescence
assay (CLIA). These are described in Table 4. For general
population screening, assay modalities should be approved
and available outside of research settings, and accessible by
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providers with the required understanding of the implica-
tions of a positive or negative screen. Assays should also be
validated in the Islet Autoantibody Standardization Program
(IASP) [120]. Since the diagnosis of early-stage type 1 dia-
betes requires the presence of at least two of the four [Abs,
screening assays should measure at least three of the four
major IAbs. Although data are limited across diverse racial
and ethnic study populations, if only two [Abs are used for
the initial screening test, the use of IAA and GADA is likely
to provide the highest sensitivity for detecting early-stage
type 1 diabetes in children of European ancestry.

Initial screening tests should be relatively inexpensive,
highly sensitive and able to process a large number of sam-
ples. Testing of samples from the general population, where
disease prevalence is low, requires that thresholds for posi-
tivity be aligned to the need for higher sensitivity (i.e. find
as many individuals with an IAb), with the impact of poten-
tially lowered specificity (i.e. an increased rate of false posi-
tives) [121]. Screening tests are, therefore, first-line tests that
trigger further analyses, which must include confirmatory
tests. Cost of screening and confirmation is also a relevant
consideration. Since confirmatory tests are usually more
expensive than screening tests, a high frequency of samples
and individuals requiring confirmatory assessments should
be avoided. Confirmatory testing requires assays that can
distinguish positivity for all four IAbs. This can be achieved
with single IAb assays or some of the multiplexed assays
(Table 4). For a number of the assays, there is limited infor-
mation as to their standardisation and performance in large-
scale cross-sectional population screening. Furthermore, not
all IAbs are equivalent: the detection of IA-2A (Table 2) has
a higher PPV (see Text box, ‘Using IAb screening results
to inform progression to symptomatic type 1 diabetes’) for
progression to stage 3 type 1 diabetes compared with other
TIAbs [66, 122—124]. TAA is less frequent in adults and its
detection may not be required if the assay is not readily
available [103].

Minimising false-positive and -negative diagnoses: the rule
of 2s One way to mitigate the potential for a high rate of
false positives is to specify that diagnosis of early-stage type
1 diabetes requires positivity for at least two separate [Abs,
using two assay methods, in two consecutive samples (2 X
2 x 2). Screening studies of high-risk children indicate that
reversion from multiple to single IAb status is relatively rare
[125]. However, this does not necessarily apply in cross-
sectional population screening, hence the recommendation
for additional layers or confirmation.

The value of using two different assays is that each assay
should detect positive signals associated with the presence of
IAbs in different ways (Table 4), each with different vulner-
abilities for false positives. Thus, testing each sample across
two assay methods (a screen and validation strategy) enables
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the positive signals from the first assay to be validated in the
second assay, with reduced occurrence of false positives that
are associated with each assay. Confirmation in a second
sample is important to reduce false diagnoses due to sample
quality or handling, as well as transient elevations in assay
signals. Notably, the EDENT 1FI Master Protocol for public
health screening has adopted a 2-Cube assay strategy similar
to the approach used in the Frlda study [101, 115].

If constraints limit the application of a 2 X 2 X 2 approach,
the minimum requirement is a 2 X 2 modality that detects
two IAbs at two different time points. Separately, the IASP
has defined assay performance standards that can be used to
assess performance of separate IAb detection assay modali-
ties performed on serum or plasma [120].

Requirements for the rule of 2s approach as part of gen-
eral population screening are detailed as follows:

e Screening assays that are sensitive and detect at least
three of four IAbs (i.e. they identify most individuals
with early-stage type 1 diabetes)

e Screening assays that are sufficiently specific (e.g. >97%)
to allow reasonable and cost-effective second line testing

e A validation assay(s) that is different in methodology
(Table 4), and with sensitivity for detection of similar rates
of true TAb signals compared with the first screening assay

e A validation assay(s) that detects and distinguishes each
of the four IAbs

e Confirmation of IAbs should be performed on a separate
venous blood sample

e Assays should require small volumes and have minimal
‘dead volume’ that cannot be used by the testing equipment

e Clinical testing laboratories should have a proven track
record in IAb screening (e.g. participation in proficiency
testing programmes such as IASP)

e All assays should be available with adequate distribution,
long-term supply and reasonable costs.

Limitations of the rule of 2s approach also include the
following:

e As with most strategies meant to increase specificity, a
strict application of the 2 X 2 X 2 approach is likely to
generate more false-negative results

e In some healthcare systems, availability of IAb assays
may be limited

e The requirement to be positive for two or more IAbs at
two time points will generate a number of ‘grey zone’
results when either only one visit was completed or the
individual was positive for only one IAb at confirmation
or for different IAbs at screening vs confirmation. There-
fore, screening programmes should have a protocol for
appropriate risk assessment, results communication, and
follow-up of participants who fall in this ‘grey zone’.
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Sample type The type of test sample is an important con-
sideration. Serum and plasma are optimal for current testing
modalities, either from venous or capillary compartments.
Where possible, these samples are recommended. It is also
possible to detect IAbs both in venous and capillary whole
blood or in dried blood spots (DBSs), which have been used
for screening tests [126—129]. Fingerstick capillary blood
sampling using at-home sample kits, with return of DBS test
cards, has also been shown to be acceptable to participants
in IAb screening [128]. However, data on whole blood and
DBS are fewer than for serum and plasma, and standardisa-
tion and quality control (QC) programmes currently only
include serum or plasma measurements of IAbs. Further-
more, the volume of blood required for DBS measurements
is often similar to that required for serum or plasma meas-
urement. While home and whole blood or DBS testing may
be feasible for screening, confirmatory testing should be
performed on serum or plasma obtained from venous blood.

Consensus recommendations

e Test sample collection and delivery to a clinical labora-
tory should maximise participation and promote equita-
ble access to screening among underserved groups based
on socioeconomic status, geography or ethnicity. [C]

e The IAD detection assay protocols for general population
screening for early-stage type 1 diabetes must mitigate
against high numbers of false-positive and false-negative
tests. [B]

e At the point of confirmation, the diagnosis of early-stage
type 1 diabetes must have a high degree of confidence
in the IAb detection assay protocols and procedures
employed. [B]

e The selected IAD assays should be certified and validated
for use outside of the research study context. [E]

e When [Abs are detected during screening, confirmation
with a second blood sample is required. [B]

¢ Confirmatory testing should ideally use a different assay
method from that used in the initial screening test, when
available. [E]

Communication associated with effective
general population screening

Research studies confirm that [IAb screening and identifica-
tion of early-stage type 1 diabetes in children, with subsequent
participation in education and monitoring, is associated with
improved outcomes compared with age-matched children
diagnosed with incident type 1 diabetes without prior screen-
ing [32, 33]. This supports the immediate and long-term value
of general population screening and communication of these

messages is a critical part of pre-screening awareness, to
encourage engagement with follow-up [79, 130].

General principles All participants or their primary caregivers
should know both the purpose of IAb screening and what they
can expect to happen during the screening process, including
practical information about what happens immediately follow-
ing the screening event. All terminology should be accessible
to the general population and use language that encourages
engagement, including the meaning of having early-stage type
1 diabetes and the high value of preventing DKA. Information
on potential interventions and/or clinical trials with disease-
modifying therapies should be tailored to the availability of the
intervention/trial at the time of screening. The separate needs
for communication before and in the immediate post-screening
period are detailed in Table 5.

Following a screening test detecting a single IAb Individuals
with a screening test detecting only a single IAb do not meet
the criteria for early-stage type 1 diabetes, and a high propor-
tion of those with a single IAb revert to being antibody nega-
tive during follow-up [125]. However, those with a confirmed
single IAb can have an increased risk of developing multiple
IAbs, or progressing to stage 3 type 1 diabetes, particularly if
they are younger or have a known genetic predisposition or a
first-degree relative with type 1 diabetes, when compared with
individuals who do not have an IAb on screening [114, 131,
132]. Clinical guidance indicates that children aged 3 years or
less at the time of single IAb detection should be monitored for
at least 3 years [95, 133]. It is also important to recognise that
individuals who screen positive for multiple [Abs may lose one
or more of the [Abs in the progression to stage 3 type 1 diabetes
and thereby may present as only single [Ab positive on a cross-
sectional screening event. The predictive value of a single [Ab
test result in the general population without previous IAb moni-
toring, a positive family history or elevated genetic risk remains
unknown. Therefore, individuals with a single IAb should not
be considered diagnosed with early-stage type 1 diabetes. They
may be followed within the context of research studies [95],
which is done in ASK [67], in the Frlda study [32] and in the
Australian Type 1 Diabetes National Screening Pilot [94].

Following a screening test detecting two or more IAbs Com-
municating the outcome of a screening test should promote
understanding and minimise confusion. For example, the terms
‘positive’ and ‘negative’ can be misinterpreted, conveying both
good and bad outcomes. The primary goal of communicating
the outcome is to inform the person and their family (if appro-
priate) that early-stage type 1 diabetes is suspected and that a
confirmatory test is needed. The importance of a confirmatory
test should be discussed, along with the importance of partici-
pating in monitoring programmes and considering participa-
tion in intervention studies, if available [95]. In the event that
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Table 5 Key information and education needs before and after screening for IAbs

Prior to screening

Following an IAb screen

Key goal is to encourage participation in screening:

e What is the purpose of screening?

e What does it involve?

e Where and when will the screening take place?

e What is type 1 diabetes and why is it good to know your status?

e What is DKA and why is it important to avoid it?

e What will happen if the screening test indicates early-stage type 1
diabetes?

O Clinical support available immediately, if needed.

O Psychological and emotional support available.

O Educational support available.

O Access to regular monitoring of glucose metabolism.

O Access to disease-modifying therapies and intervention trials

where available.

If fewer than two IAbs are detected:

o This indicates a low concern for development of T1D at this time
but please note that this does not mean that T1D will never develop.
Since IAb status prior to screening is not known, rescreening may be
advised.

If two or more [Abs are detected, provide education and information on

the following:

o What the test result means right now.

e What does it mean for the future?

e Importance of confirmation and staging, and what the stages mean.

o Probability for progression of type 1 diabetes.

o Monitoring glucose levels, how and how often.

e Awareness of the symptoms of hyperglycaemia.

o Principles of healthy lifestyle (nutrition, physical activity) while
avoiding severe restrictive or excessive behaviours.

e When insulin therapy might be needed.

e What are the available treatment options, including diabetes
technology?

e What are the available disease-modifying therapies and clinical trials?

o Contact information for the diabetes clinic.

a confirmatory test is negative (i.e. does not show IAbs), it is
equivalent to a negative screening result and this news can be
provided as part of the now-established thread of contact, assum-
ing that there is no reason to doubt the conduct of the test. Pro-
viding helpful information and support is key to encouraging
healthy coping with the diagnosis and ongoing engagement in
follow-up monitoring and care. This should be done with a per-
sonal contact (including by phone call) by a provider possessing
the knowledge to answer any questions or concerns that the indi-
vidual and carers may have. An important outcome of the Frlda
study organisation and delivery was that 85% of parents were
satisfied or very satisfied with the in-person communication of
the diagnosis of early-stage type 1 diabetes by their primary care
provider [78]. Ideally, a positive screening result, irrespective
of multiple or single IAb status, should not be first revealed as
part of an automated clinical test service or electronic medical
record update. Depending on the screening setting, where feasi-
ble, some details regarding the specifics of the initial screening
result should not be disclosed until a confirmation test has been
discussed, including the types of [Ab confirmed and any estima-
tion of progression.

Following a screening test detecting no IAbs A screening
result that does not detect an IAb indicates that early-stage
type 1 diabetes is not suspected. Communicating this out-
come must clearly reinforce that the result indicates a low
level of concern for development of stage 3 type 1 diabetes
at this time but that this does not mean the individual is
never going to develop stage 3 type 1 diabetes. This is also
an important time to highlight the need for IAb rescreen-
ing in the future. This conversation is particularly important
in young children and if there is family history of type 1
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diabetes or other forms of autoimmunity, where the risk of
seroconversion is higher. There are several options for com-
municating that early-stage type 1 diabetes is not suspected.
These include written confirmation to the screened individ-
ual or their caregivers, letters to primary care services for
them to follow-up, addition of information to a person’s elec-
tronic medical record, or follow-up by phone call. It is also
important to summarise the common symptoms of hyper-
glycaemia and the need to immediately contact their HCP
if these symptoms appear. This is particularly important for
the caregivers of young children who may develop positivity
for IAbs and progress to clinical type 1 diabetes quite fast
despite no IAbs being detected in the initial screening test.

Psychosocial support

As with other diagnoses, communication of a diagnosis
of early-stage type 1 diabetes can cause an expected grief
response, distress and negative emotions [134]. The Frlda
study monitored psychological stress for 6 and 12 months
after confirmation of early-stage type 1 diabetes in children
and found that 1.5% of parents reported symptoms of anxi-
ety and depression [49], a rate comparable with that among
the general population in Germany. The TEDDY study has
reported parental anxiety related to glucose monitoring
in children with established genetic risk of type 1 diabe-
tes [135, 136], and this was more likely in mothers than in
fathers. At the first ASK follow-up population-based moni-
toring visit, parental anxiety was higher than in the TEDDY
study and elevated above the clinical cutoff of 40 (State
Anxiety Inventory [SAI] score 46.1). At the following visit,
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anxiety remained elevated but started to decrease (p=0.03)
after a median 6.1 months [137]. Aspects of education and
psychological support for individuals (as well as their car-
egivers) who have received confirmation of a positive IAb
screen have been well documented in previous consensus
guidance for monitoring of early-stage type 1 diabetes (stage
1 and stage 2) [95]. The available insights into communica-
tion, education and psychosocial support around the IAb
general population screening process are largely derived
from the Frlda study [32, 78], with additional strategies
and outcomes from prospective studies of children and ado-
lescents with known risk factors for stage 3 type 1 diabetes.

An attitudes survey among parents of children participating
in the ELSA general population screening project [77] indi-
cated that the parents found participation in screening more
acceptable when informed they would be provided with psy-
chosocial support should their child screen positive. A survey
of families of children with newly diagnosed clinical stage 3
type 1 diabetes [138] indicated that, in the immediate period
following a positive screen, families value diabetes education
(75%), contact with the diabetes team (72%), and support
from family (50%) and friends (24%). Communication with
individuals and families must place emphasis on empathetic
communication with consistent easy-to-understand informa-
tion and practical self-management actions (if any), along with
age-appropriate information for children. Critically, as men-
tioned previously, the results of the IAb screening test should
not be revealed to the participant prior to their being contacted
for confirmation testing. Since many healthcare services are
obligated to share all clinical test results with their patient pop-
ulations without delay, we acknowledge that there is unlikely
to be a standard approach to this and individual healthcare
systems will have their own strategies for minimising partici-
pant anxieties. Whether it is needed or not, the availability of
psychosocial support can be factored into general population
screening, although, to date, no association has been reported
between IADb detection on screening for early-stage type 1 dia-
betes and a formal diagnosis of depressive disorder.

A key constituent for education in the context of general
population IAb screening is primary care HCPs and teams.
This group will have considerable responsibility for manag-
ing at least part of the process, especially if screening activi-
ties are aggregated into established primary care services
(e.g. vaccination clinics, well-baby clinics). Secondary care
diabetes services also need to be an integrated part of the
screening process, and general population screening initiatives
should be prepared to ensure that individuals with confirmed
early-stage type 1 diabetes can expect to be provided care
within the most appropriate section of the healthcare service.
A selection of resources that illustrate the overall manage-
ment of an IAb screening programme is provided in the Text
box, ‘Resources available from early-stage type 1 diabetes
autoantibody research. In this context, the focus should be

on the detection of pathological distress reactions and persis-
tent depression in those screened or their care providers, with
prompt psychological support being offered in those cases.

Resources available from
early-stage type 1 diabetes
autoantibody research

ASK - Autoimmunity Screening for Kids
https://www.askhealth.org

Ask the Experts
https://www.asktheexperts.org

DiaUnion
https://www.diaunion.org/en/

EDENT1FI — European action for the Diagnosis of
Early Non-clinical Type 1 diabetes For disease
Interception

https://lwww.edent1fi.eu/

ELSA study
https://www.elsadiabetes.nhs.uk/

European Pre-T1D Registry
https://www.helmholtz-munich.de/en/idf/research-
area/european-pre-t1d-registry

Frida study information and materials
https://www.typ1diabetes-
frueherkennung.de/further-info-fr1da-
network/index.html

PLEDGE
https://sanfordhealth.org/pledge/

STOP T1D - Screen To Prevent T1D
https://www.stopt1dprogram.org/

T1DRA - Type 1 Diabetes Risk in Adults study
https://t1dra.bristol.ac.uk/

FINT1IDAS - Finnish Type 1 Diabetes Auto-
antibody Screening
https://dipp.fi

TrialNet — Pathway to Prevention
https://lwww.trialnet.org/

UK Islet Autoantibody Registry
https://www.ukiab.org/

Consensus recommendations

e Communications planning before and after the immediate
IAD screening activity is the responsibility of national
or regional stakeholders. At minimum, communication
should clarify both the purpose of IAb screening and
what can be expected at the screening appointment and
in the immediate period thereafter. [C]

@ Springer
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e Use clear and neutral terminology when communicat-
ing a screening test result. Until a screening result that
detects the presence of IAb is confirmed, it is important
to avoid language that creates avoidable anxiety for the
screened individual. [E]

e When communicating screening and confirmatory test
results to the individual or caregiver, a personal con-
tact should be offered to allow for the explanation of
results. [E] All individuals should have the opportunity
to express their immediate needs for information and
support. [B]

e Communication that IAbs were not detected must
emphasise that the current result does not preclude
type 1 diabetes in the future and rescreening may be
recommended, particularly if the person is young or
has a personal or family history of autoimmune dis-
ease. [C]

e If a single IAD is detected, future rescreening may be
recommended based on age and other factors. [B]

e All screening participants should be provided with clear
information about identifying the symptoms of type 1 dia-
betes. [E]

e HCPs should be aware of psychological reactions to the
delivery of a diagnosis of early-stage type 1 diabetes,
in order to take actionable steps (e.g. provide informa-
tion/education, referral and/or monitoring plan). When
necessary, professional psychological support should be
offered to reduce anxiety. [C]

Cost-effectiveness of screening

Depending on the prevailing healthcare system in a given
region, each step of the workflow must be systematised and
reimbursable for the process to be scalable and sustainable.
Anticipated costs for screening to participants and health-
care services are summarised in the Text box, ‘Anticipated
costs of general population screening for early-stage type 1
diabetes’. Only a small number of cost-effectiveness analyses
have been undertaken for general population screening for
early-stage type 1 diabetes. In one of these, based on 10,029
children and adolescents from the ASK study in Colorado
[67], screening was assessed as being cost-effective, at a
value threshold of US$50,000-150,000 per quality-adjusted
life year (QALY), if it both lowered the rate of DKA at diag-
nosis of stage 3 type 1 diabetes in the screened population
by 20% (e.g. from 35% to 28%) and also improved HbA
by —1.1 mmol/mol (—0.1%) over a lifetime. Cost sav-
ings were increased at higher rate reductions of DKA and
greater improvements in HbA .. Against this assessment,
real-world DKA reductions of more than 43% have been
reported across study cohorts in Colorado [31], although
long-term HbA . data are not yet available. The screening
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cost per child in the ASK study cohort was US$47-141 and
the screening cost per case of early-stage type 1 diabetes
detected was US$4700. A costing analysis of the outcomes
from the Frlda study in Bavaria, Germany [32], applied as
standard of care for Germany rather than the Frlda cohort
alone, estimated a cost of €21.73 per screened child and
€7035 per case detected [72]. More limited simulation stud-
ies have suggested that break-even costs for IAb screening
programmes can be predicted if unit costs per [Ab test were
US$25-40 and onset of type 1 diabetes was delayed by 3—5
years [139], although the input data in these models included
participants from genetic risk studies, which is a limitation
for conclusions regarding general population screening.
One study has reported that the costs of genetic and IAb
screening would need to be extremely low to make screening
cost-effective for prevention of DKA at diagnosis in children
younger than 5 years [140]. This was despite cost savings
against treatment and hospital admissions, as well as lost
parental income. Overall, more longitudinal real-world data
are needed to understand the full immediate and long-term
costs and benefits of general population screening for early-
stage type 1 diabetes.

Anticipated costs of general
population screening for early-
stage type 1 diabetes

To participating individuals and families

e Time devoted to early education to prevent DKA
and hospitalisation and increase understanding
of insulin therapy.

e Loss of caregiver income due to increased
participation in monitoring activities.

e Potential issues with health insurance coverage
and costs, employment prospects and credit
ratings.

To healthcare services

e  Education of healthcare providers.

e Provider time to participate and complete
screening and confirmation tests.

e Laboratory costs of screening and confirmation.

¢ Results naotification, explanation and documenta-
tion in electronic health records.

e Monitoring programmes and activities focused on
development of dysglycaemia and progression to
stage 3 type 1 diabetes.

e Psychosocial support for individuals and families
with increased anxiety.

e Raising community awareness of the activities,
benefits and outcomes of general population
screening for early-stage type 1 diabetes.
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Navigating the real world vs the ideal world

As much as possible, these consensus recommendations identify
the principles and practice of general population screening for
IAbs as a best-case scenario. This assumes sufficient resources
are available and that healthcare stakeholders are supportive of
the goals. However, we must acknowledge that the realities of
initiating and implementing general population screening for
early-stage type 1 diabetes are likely to differ from this ideal,
given national and regional considerations. These may include
the regional prevalence of type 1 diabetes and the burden of
DKA, differences in healthcare systems and infrastructure, pat-
terns of health service use, and competing health needs and
priorities, as well as cultural norms. Access to resources is an
important issue in this context. For example, significant variation
exists regarding availability of clinical laboratory services that
are licensed to undertake TAb testing at scale and the range of
IAb assays available. Thus, using different assays for screening
and confirmatory testing may not be feasible in some locations.
Ideally, the instigation of general population screening for early-
stage type 1 diabetes will prompt services to be upgraded and
adapted to meet the needs of the screening programme but that
may not be universal and will likely take time. Similarly, the
appropriate setting for [Ab screening will likely require addi-
tional training for HCPs so that appropriate information be pro-
vided to individuals and sampling is correctly undertaken. For
general population IAb screening there are regional variations in
consenting and data privacy issues that must be navigated, and
must be resolved. A key consideration is that general population
screening for [Abs will identify individuals with early-stage type
1 diabetes who need ongoing care. This will likely include par-
ticipation in an organised monitoring programme, with ongoing
clinical care, education and support (with further formal psycho-
social intervention, where needed), access to disease-modifying
therapies and/or clinical trials, as available.

Gaps in evidence
The following gaps in evidence still exist:

e Acceptability and feasibility of adult general population
IAD screening, and the recommended age for testing

e Data on the onset, frequency and progression of IAbs
in adult general populations

e Predictive value of a single IAb in general population
screening

e Alternative settings in addition to primary care and
implementation strategies for screening and follow-up

¢ A standardised model of clinical care for people with early-
stage type 1 diabetes with objective outcome measures

e Data on the prevalence of early-stage type 1 diabetes and
disease progression in individuals of diverse racial and
ethnic demographics

¢ Evidence for a feasible, structured patient-facing educa-
tion and support programme for screening participants
and individuals with early-stage type 1 diabetes.

Strengths and limitations

A limitation of this consensus process is the relatively small
number of initiatives directed towards general population
screening for IAbs for detection of early-stage type 1 diabetes
and in public health settings. Consequently, several recom-
mendations are based on limited evidence or are extrapo-
lated from research studies in children and adolescents with
a higher genetic risk for early-stage type 1 diabetes. Given
the scope of the recommendations, it is a limitation that
there is very little available data on cost-effectiveness for
general population IAb screening. In this context, a further
limitation is that population-wide screening for IAbs may
not be sufficiently cost-effective or warranted in countries or
populations with a much lower prevalence of type 1 diabetes
in children (e.g. as observed in several Asian countries). In
these contexts, a more targeted screening strategy focused
on at-risk populations may be more suitable. The cohorts
reported in the available research studies are from North
America, Europe and Australia and are under-represented
for broader racial and ethnic demographics, which is a limita-
tion, as is the fact that the author group is drawn from these
geographical locations. Similarly, within the author group,
only two authors (MR, LAD) are formally accredited in pub-
lic health or health economics. A further limitation is that
the selection of the consensus panel was not systematised,
and participants’ comments in camera were not anonymous
within the NGT methodology, which increases the chance of
conformity bias. However, the NGT methodology involved
a proactive participant contribution at the start of each vir-
tual meeting and the consensus statements were adopted fol-
lowing a blinded voting step. Thus, we believe the risk of
conformity bias has been minimised. A key strength of the
consensus is that it reflects the clinical experience of a large
international author group with expertise in the detection and
management of early-stage type 1 diabetes. Another impor-
tant strength is that the consensus recommendations were
developed through an NGT process, a recognised methodol-
ogy for building consensus through structured brainstorming,
discussion and moderated debate. This process was actively
managed to ensure that all opinions and contributions were
heard and discussed and that the final consensus statements
were agreed by all members of the working group, using a
blinded voting step that ensured anonymity.
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Conclusions

Detection of type 1 diabetes can now be achieved in its
early stages, when autoimmunity is present but sufficient
functional beta cell mass is still available to prevent frank
hyperglycaemia. Evidence from research in families already
affected by type 1 diabetes and in children and adolescents
at increased genetic risk and emerging studies in the general
population demonstrate that detection of early-stage type 1
diabetes can be achieved effectively through IAb testing,
resulting in improved outcomes including the reduction in
frequency of DKA at clinical presentation with stage 3 type
1 diabetes. Whereas opportunistic screening for the pres-
ence of IAbs can be performed at any age, we propose a
structured pathway of screening for IAbs in childhood, with
screening initiated at age 2—4 years and rescreening of those
who screened negative during childhood, at the times when
other preventive services are also being offered (i.e. at age
6-8 years and 10-15 years). This consensus guidance will
need to be translated into practice according to the prevail-
ing healthcare system (and patient preference) in different
national/regional settings. Adaptation of healthcare systems
is recommended, to embed this screening in the established
routines of primary care settings (e.g. linked to vaccination
visits and well-baby examinations). It should be clear that
general population IAb screening initiatives should only roll
out when healthcare services are fully prepared to implement
the full screening pathway, including education and meta-
bolic monitoring of those detected with early-stage type 1
diabetes. Combined with the arrival of disease-modifying
therapies, this strategy should open the way to the delay and
eventual prevention of clinical stage 3 type 1 diabetes.
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