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Abstract
Background: Historically, type 1 diabetes (T1D) has been 
diagnosed following symptoms of overt hyperglycemia. 
However, the autoimmune processes driving the progression 
of the disease start years prior to the appearance of symp
tomatic disease. Early stages of T1D can be detected by 
screening individuals, including young children, for islet 
autoantibodies. Summary: The goal of this review is to 
discuss the benefits of early detection for individuals with 
presymptomatic T1D as well as discuss barriers that currently 
prevent a more widespread implementation of screening 

programs. Early detection of T1D can reduce the occurrence 
and severity of complications associated with clinical onset of 
T1D, including life-threatening diabetic ketoacidosis. It also 
facilitates the use of approved novel therapeutics that can 
delay the progression to clinical T1D and allows individuals to 
participate in clinical trials for other disease-modifying 
therapies in development. Despite these benefits, there 
are knowledge gaps that should be addressed before 
screening can be implemented optimally in practice. Key 
Messages: Diagnosis of presymptomatic stages of T1D offers 
several benefits to individuals and their caregivers. Given the 
multifaceted benefits screening can provide, this review 
offers expert perspective on the importance of adopting 
early-detection strategies to identify presymptomatic stages 
of T1D as part of clinical care. © 2026 The Author(s). 
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Clinical Type 1 Diabetes Is Preceded by 
Presymptomatic Type 1 Diabetes

Type 1 diabetes (T1D) is caused by autoimmunity that 
destroys beta cells of the islets of Langerhans, eventually 
leading to impaired glucose regulation and symptomatic 
(clinical) disease [1, 2]. The current standard of care for 
T1D treatment is insulin replacement therapy. However, 
individuals presenting with symptomatic new-onset 
T1D frequently undergo weeks to months of disrup
tive clinical symptoms, such as polydipsia, polyuria, 
tiredness, and weight loss, and often present in life- 
threatening diabetic ketoacidosis [3, 4]. The incidence 
and prevalence of T1D have increased and continue to 
grow worldwide, fastest in young children, with diabetic 
ketoacidosis events at diagnosis on the rise [5–8]. Thus, 
there is a pressing clinical need for identification of 
people in the early stages of T1D by screening before they 
present with clinical symptoms. The goal of this review is 
to share the perspective from experts on the importance 
of early detection of T1D as well as to discuss the barriers 
currently preventing more widespread implementation 
of screening strategies.

Although T1D historically has been diagnosed fol
lowing symptoms of hyperglycemia, it is now known 
that the underlying autoimmunity starts months to 
years earlier and gradually progresses to overt hyper
glycemia [3]. Extensive research has shown that the 
early stages of T1D can be detected by screening for 
circulating autoantibodies directed against 4 major 
islet autoantigens: insulin, glutamic acid decarboxylase 
(GAD), insulinoma-associated antigen 2 (IA-2), and 
zinc transporter 8 (ZnT8) [3]. In children and ado
lescents from families with T1D and children in the 
general population, once 2 or more islet autoanti
bodies are detected, the likelihood of developing 
clinical T1D over the course of their lifetime ap
proaches 100% [9, 10]. Consequently, the presence of 
multiple autoantibodies is diagnostic of presymp
tomatic T1D and is further staged according to blood 
glucose levels [3]. The International Classification of 
Diseases (ICD)-10 defines stage 1 (ICD-10 E10.A1) as 
the presence of multiple islet autoantibodies and 
normal glucose levels (normoglycemia), i.e., no im
paired glucose tolerance, no impaired fasting glucose, 
and a normal hemoglobin A1c (HbA1c < 39 mmol/mol 
[<5.7%]). Stage 2 (ICD-10 E10.A2) is defined as the 
presence of elevated glucose levels (dysglycemia) in a 
person previously or currently positive for multiple 
islet autoantibodies, with dysglycemia defined as 
impaired glucose tolerance (2-h plasma glucose 

7.8–11.0 mmol/L [140–199 mg/dL]), impaired fasting 
glucose (fasting plasma glucose 5.6–6.9 mmol/L 
[100–125 mg/dL]), HbA1c 39–47 mmol/mol 
(5.7–6.4%), or ≥10% increase in HbA1c. Lastly, 
stage 3 (ICD-10 E10.9) is defined by the presence of 
overt hyperglycemia (2-h plasma glucose ≥11.1 mmol/L 
[≥200 mg/dL], fasting plasma glucose ≥7.0 mmol/L 
[≥126 mg/dL], or HbA1c ≥ 48 mmol/mol [≥6.5%]) 
and at least one islet autoantibody [11, 12]. Clinical 
symptoms secondary to hyperglycemia may not be 
initially apparent in persons at stage 3 T1D [11]. Of 
note, ICD-10 E10.A0 recognizes presymptomatic T1D 
in the presence of a single confirmed islet autoantibody.

Our understanding of the association of antibody 
types, number, and affinities with the rate of progres
sion to clinical T1D for different age groups is evolving, 
resulting in varying predictive values [10, 13]. For 
example, insulin autoantibody (IAA) positivity is 
mostly prevalent in young children, and their early 
appearance – followed by GAD and IA-2 autoanti
bodies – was associated with the highest rates of pro
gression to stage 3 T1D in one study [11, 14]. IA-2 au
toantibody positivity has also been associated with an 
increased rate of disease progression, particularly in pe
diatric populations [15, 16]. ZnT8 autoantibody positivity 
has similarly been associated with increased risk of 
progression to T1D [15]. In contrast, GAD autoantibody 
positivity detected as a single antibody, which is often seen 
in adult-onset cases of T1D, has been associated with 
slower progression to T1D [11, 15].

The Benefits of Early Detection of T1D

Early detection of T1D (i.e., during its presymp
tomatic stages) can impact the burden associated with 
clinical T1D onset, with reduced severity of metabolic 
decompensation and hospitalization rates and duration 
[17]. Children diagnosed with presymptomatic T1D 
receiving basic diabetes education and monitoring have 
lower rates of life-threatening diabetic ketoacidosis at 
clinical onset of T1D compared to those unscreened 
[17–19]. In addition to acute complications and 
healthcare costs, the presence of diabetic ketoacidosis at 
clinical diagnosis is associated with worse glycemic 
control long term, increased risk of cognitive impair
ment, and psychological distress in children and their 
caregivers [20, 21].

Less is known about the impact of early T1D diagnosis 
on diabetic ketoacidosis rates in adults, even though they 
account for more than half of the individuals diagnosed 
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with T1D. Several studies showed that the rate of diabetic 
ketoacidosis in newly diagnosed adults ranges from 19 
to 24% [22–24]. Therefore, reduced diabetic keto
acidosis at diagnosis has potential to improve short- 
term and long-term health outcomes for both chil
dren and adults. Modeling has suggested that the 
potential impacts of reducing diabetic ketoacidosis 
events on other subsequent outcomes (e.g., HbA1c 
and diabetes complications) may make early 
screening cost-effective, although the long-term im
pact of early detection on such outcomes is not yet 
known in detail [25, 26]. Early detection of T1D has 
the additional benefit of providing individuals with 
more time to prepare and learn the disease man
agement strategies needed to cope, allowing oppor
tunities for education for individuals with T1D and 
their families [1, 27].

With the advent of novel disease-modifying ther
apies, early detection of T1D now allows for the 
opportunity to potentially intervene in preclinical 
disease progression. Teplizumab, approved in the 
USA and several other countries, is a therapy that 
targets the autoimmune-mediated destruction of beta 
cells by acting on several subpopulations of T cells 
and, as a result, delays the onset of clinical T1D in 
individuals with stage 2 T1D by a median of 
24.9–32.5 months [28–30]. It is important to note that 
teplizumab is approved to delay stage 3 T1D onset 
rather than for T1D prevention or cure; the long-term 
durability of its effect and impact on lifetime disease 
burden, including long-term complications, remain 
to be determined and are subject to ongoing studies. 
Nonetheless, individuals diagnosed with stage 2 T1D 
aged 8 and older can use this therapy to gain more 
disease-free years and prepare for life with the disease 
[1]. In addition to a delayed need for insulin therapy, 
prolonged periods of better residual insulin secretion 
and tight glycemic control could theoretically reduce 
diabetes-associated long-term complications [31]. 
While currently available only in certain regions 
worldwide, teplizumab is under review for approval in 
other countries.

Finally, diagnosis of presymptomatic T1D can also 
facilitate participation in clinical trials of other 
disease-modifying therapies. Participation in trials 
could not only potentially yield personal benefits for 
individuals receiving active study drug but also benefit 
the field as a whole as it could help bring other 
therapies to market, allowing for future clinical ap
proval of alternative treatments or combination 
therapy approaches [1, 32].

Barriers to Early Detection of T1D

Despite the potential benefits of early T1D detection, 
some barriers remain, including accurate quantification 
of harms in screening (such as overdiagnosis [false 
positive] and underdiagnosis [false negative]), impact of 
uncertainty of risk and timing of progression to clinical 
disease, healthcare system and clinician readiness, re
imbursement, and the clinical practice status quo [33, 
34]. Challenges related to practical implementation 
further compound these barriers. These include the 
standardization and harmonization of autoantibody 
assays across laboratories and countries to ensure con
sistent and reliable screening results; the establishment 
of clearly defined care coordination pathways from 
primary care screening to specialist referral and follow- 
up; and the considerable variability across healthcare 
systems in infrastructure, reimbursement frameworks, 
and clinical capacity [33, 35]. General pediatricians may 
also find implementation of screening strategies to be 
challenging considering the time required to learn about 
early-stage T1D detection and monitoring as well as to 
incorporate screening and anticipatory guidance into 
busy clinical visits.

Some studies have demonstrated that early detection 
of T1D in its presymptomatic phase is associated with 
some parental anxiety and stress, whereas other research 
has shown that these negative feelings dissipate rapidly 
and early diagnosis is associated with reduced stress 
overall for those individuals and their families who ul
timately receive a clinical diagnosis of T1D (i.e., a “soft 
landing”) [36, 37]. Because parental anxiety can vary 
widely in real-world clinical practice, as screening efforts 
expand, it is important to consider cultural and other 
individual characteristics because they may influence a 
parent’s anxiety levels as well as their decision to screen. 
The impact of screening on stress and anxiety in the 
general population is being investigated in depth in the 
early T1D detection program European Action for the 
Diagnosis of Early Non-Clinical Type 1 Diabetes for 
Disease Interception (EDENT1FI) (https://www. 
edent1fi.eu) and in the Early Surveillance for Autoim
mune Diabetes (ELSA) study (https://www.elsadiabetes. 
nhs.uk/).

Beyond the early-stage disease period, the psycho
logical and lifestyle impact post-T1D diagnosis should be 
considered for individuals identified through screening 
[37]. Because screened individuals who progress to stage 
3 T1D more often do not present in diabetic ketoacidosis 
and have greater residual beta-cell function, they are 
more likely to experience a prolonged partial remission 
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phase characterized by low insulin requirements and 
relatively stable glycemic control [17, 20]. Although this 
is clinically beneficial in the short term, it may pose 
unique challenges, particularly for adolescents, who may 
underestimate the seriousness of their condition during 
remission and adopt a more lenient approach to diabetes 
self-management [27, 38]. When remission eventually 
wanes and insulin demands increase, these individuals 
could face difficulty adapting to the intensified treatment 
regimen required to maintain glycemic control. A related 
consideration is whether individuals diagnosed with T1D 
through screening, who may not have experienced overt 
symptoms prior to diagnosis, might face reduced mo
tivation to engage with the demands of lifelong insulin 
therapy and disease management. When the perceived 
severity of a condition is low, treatment adherence may 
be affected, particularly in adolescents and young adults 
[27]. To mitigate these risks, structured education and 
psychological support should be integrated into the care 
of screened individuals, with particular attention to 
preparing patients and their families for eventual tran
sitions, such as the transition to stage 3 and out of re
mission [27, 38]. To date, limited published data directly 
compare the long-term clinical course – including gly
cemic control, psychosocial outcomes, and treatment 
engagement – in individuals diagnosed through 
screening versus those presenting with clinical symptoms 
or those who have received disease-modifying therapy 
such as teplizumab. Available evidence from the Fr1da 
study suggests that children diagnosed with presymp
tomatic T1D through population-based screening have 
milder metabolic decompensation at clinical manifes
tation, including lower HbA1c and higher C-peptide 
levels at stage 3 onset [20]. However, whether these 
early benefits translate into sustained improvements in 
long-term glycemic control and self-management be
haviors remains to be established. Several ongoing ini
tiatives are positioned to address these knowledge gaps: 
the EDENT1FI program (https://www.edent1fi.eu) 
is investigating psychosocial outcomes across the 
screening-to-diagnosis trajectory; the European pre-T1D 
registry (https://www.pre-t1d-registry.eu/) aims to 
compile longitudinal metabolic and clinical data from 
individuals with presymptomatic T1D across multiple 
European cohorts; and long-term follow-up, including 
within TrialNet (https://www.trialnet.org/), will continue 
to yield data on outcomes in teplizumab-treated indi
viduals [28, 39, 40]. As screening programs expand, 
comparative studies evaluating the clinical course and 
psychological adaptation of screened versus symptom
atically diagnosed individuals – as well as those receiving 

disease-modifying therapies – should be prioritized. In 
the interim, incorporating motivational support and 
psychological care into post-diagnosis disease manage
ment pathways will be important to optimize engage
ment and outcomes for all individuals identified through 
early detection.

Current Scientific State of Screening Tests and 
Programs Available

Current variation regarding the predictive value of a 
single autoantibody highlights the importance of the 
choice of detection method. Although some assays detect 
both low-affinity (nonpredictive) and high-affinity 
(predictive) autoantibodies, newer assays are more 
specific by detecting only high-affinity (predictive) au
toantibodies. Confirmation of single higher affinity 
antibodies in separate tests further increases predict
ability [35]. However, it is likely that the risk of pro
gression to stage 3 T1D in these individuals does not 
reach that which is observed in people with multiple islet 
autoantibodies.

To improve diabetes education and screening par
ticipation, several T1D early-detection programs are 
underway that are investigating optimal screening 
strategies in the general population and their impact. 
One such program is the Innovative Health Initiative- 
funded project EDENT1FI, mentioned previously. The 
online supplementary Table 1 (for all online suppl. 
material, see https://doi.org/10.1159/000552602) lists 
this study and additional screening programs that are 
ongoing or recruiting to date. The European pre-T1D 
registry compiles a database of autoantibody, metabolic, 
and metadata collected from individuals with pre
symptomatic stage 1 and stage 2 T1D who have not yet 
progressed to stage 3 T1D, with the goal of harmonizing 
guidelines and disseminating information to improve 
care in diabetes and facilitate clinical trial execution and 
access to disease-modifying therapy (https://www.pre- 
t1d-registry.eu/). This registry aims to collect data from 
ongoing participating screening initiatives in Europe, 
like EDENT1FI and its component studies, e.g., the 
Fr1da studies, βetty or ELSA, INNODIA, DiaUnion, the 
Global Platform for the Prevention of Autoimmune 
Diabetes (GPPAD), and BabyDiab. The Screen to Pre
vent Type 1 Diabetes (STOPT1D) program is also 
available to provide educational resources for healthcare 
providers, enabling individuals with T1D and their 
families to learn more about T1D screening and mon
itoring programs (https://www.stopt1dprogram.org/).
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How Early T1D Detection Satisfies the Wilson and 
Jungner Principles

The Wilson and Jungner principles of screening 
published in 1968 are a list of principles that have 
been used to help guide screening decisions for 
decades (Table 1) [41]. Early T1D detection satisfies 
most of the criteria in this list. However, a criterion 
that has not yet been completely satisfied is un
derstanding the natural history of the condition as 
the development specifically from presymptomatic 
disease to symptomatic disease is not fully under

stood, particularly in adult populations [22]. Fur
thermore, although studies have reported that ap
proximately 70% of children with ≥2 islet autoan
tibodies persistently develop clinical T1D within 
10 years from seroconversion, individual rates of 
progression differ, and the factors that drive this are 
not well known [4, 10]. Additionally, the cost of case- 
finding should be economically balanced in relation 
to expenditure on medical care as a whole [41]. Only 
a limited number of studies have investigated the 
cost-effectiveness of large-scale T1D screening 
[25, 26].

Table 1. Wilson and Jungner’s principles of screening

Wilson and Jungner’s principles of screening [41] Does screening for 
T1D satisfy this 
principle?

Comments

The condition sought should be an important 
health problem

Yes Incidence and prevalence of T1D and occurrence of 
life-threatening DKA events at diagnosis are 
increasing worldwide

The natural history of the condition, including 
development from latent to declared disease, 
should be adequately understood

In progress Development from latent to declared disease in 
both pediatric and adult populations is not fully 
understood

There should be a recognizable latent or early 
symptomatic stage

Yes Presymptomatic stages of T1D have been well 
defined

There should be a suitable test or examination Yes Early stages of T1D can be detected by screening 
for circulating autoantibodies directed against 
major islet autoantigens

The test should be acceptable to the population In progress Although parental anxiety and stress associated 
with early detection of T1D dissipates rapidly and 
early diagnosis is associated with reduced stress 
overall for those individuals who develop clinical 
T1D and their families, acceptability of the test in 
the general population is being ascertained in more 
detail as part of ongoing screening studies

There should be an agreed policy on whom to treat 
as patients

Yes Teplizumab has been approved for use in 
individuals diagnosed with stage 2 T1D aged 8 and 
olderThere should be an accepted treatment for 

patients with recognized disease

Facilities for diagnosis and treatment should be 
available

Yes Diagnosis and treatment can be done in medical 
practices

The cost of case-finding (including diagnosis and 
treatment of patients diagnosed) should be 
economically balanced in relation to possible 
expenditure on medical care as a whole

In progress A limited number of studies have investigated the 
cost-effectiveness of large-scale T1D screening

Case-finding should be a continuing process and 
not a “once and for all” project

Yes Several screening programs have been initiated 
globally and their impacts are being assessed 
(online supplementary Table)

DKA, diabetic ketoacidosis; T1D, type 1 diabetes.
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Early Detection of Islet Autoantibodies in Clinical 
Practice

Employing early detection in clinical practice should 
be aimed at identifying individuals with T1D as early as 
possible. An initial screening for 3 autoantibodies may be 
adequate for identifying individuals currently positive 
for multiple autoantibodies (i.e., presymptomatic T1D). 
Screening for all 4 autoantibodies would allow for the 
more sensitive identification of individuals positive for 
just one autoantibody, potentially identifying additional 
individuals at risk for developing clinical T1D who 
would otherwise be missed. For example, single IAA 
positivity has been associated with increased risk of T1D 
development in youths and would be missed if IAA 
happens to not be included in the 3 autoantibodies for 
which screening is being done [42, 43]. However, a large 
proportion of people with low-affinity single islet au
toantibodies detected by widely used radiobinding or 
other assays lose their autoantibodies over time and have 
no increase in risk of developing clinical T1D [44].

Since islet autoantibodies can be found in anyone at 
any age, individuals regardless of age (or other factors, 
such as race or family history) can be considered for early 

detection of presymptomatic T1D [22, 45]. Various 
strategies have been suggested to optimize sensitivity, 
specificity, and feasibility of screening. Islet autoanti
bodies may begin to appear in the first year of life with 
seroconversion to newly formed islet autoantibodies 
peaking in early childhood and decreasing with age. 
Screening early in life is optimal to capture young 
children presenting with new-onset T1D, who have 
particularly high rates of severe diabetic ketoacidosis at 
diagnosis. However, given that maternal islet autoanti
bodies can persist in the infant’s circulation up to the 
second year of life, detection of islet autoantibodies in 
neonates may not always be accurate [46]. Importantly, 
autoantibody-based screening at a single age earlier in 
life will miss individuals that seroconvert at later ages. 
We believe that optimally, all children should be 
screened 2–3 times before the age of 15 years, beginning 
ideally within the second year of life to capture early- 
onset cases of T1D [47, 48]. Subsequent rescreening at 
5–7 years of age and again at 9–11 years of age in those 
who were negative up to that point could improve di
agnostic sensitivity (Fig. 1) [45, 47–49]. Others have 
proposed genetic screening of neonates to identify 
newborns genetically at increased risk for T1D, with 

Fig. 1. Algorithm for management of a person screened for T1D. 
Confirmation of a positive screening test (i.e., positive screen for 
one or more islet autoantibodies) by measuring all four bio
chemical islet autoantibodies (GADA, IA-2A, IAA, and ZnT8A) 
and excluding acute hyperglycemia are critical. Figure adapted 
from Simmons et al. [45] with permission. aEducation on the 
importance of monitoring for the prevention of DKA and met
abolic monitoring should be provided for individuals with 

confirmed positive screens with normoglycemia or dysglycemia, 
with monitoring performed as recently outlined in the consensus 
guidelines by Phillip et al. [11]. BG, blood glucose; DKA, diabetic 
ketoacidosis; ED, emergency department; GADA, glutamic acid 
decarboxylase autoantibody; HbA1c, hemoglobin A1c; IA-2A, 
insulinoma-associated antigen 2 autoantibody; IAA, insulin au
toantibody; T1D, type 1 diabetes; ZnT8A, zinc transporter 8 
autoantibody.
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follow-up antibody testing only in individuals at in
creased risk. Depending on the country, healthcare 
system, and antibody testing strategy, a combined 
genetics/autoantibody-based approach could be a fea
sible strategy [50]. This approach would require long- 
term follow-up of genetically at-risk individuals from 
birth, which is currently not integrated into routine 
healthcare and may greatly reduce sensitivity [51].

Importantly, screening and monitoring strategies 
should take into consideration the differences between 
pediatric and adult populations. In children, particularly 
young children, progression from seroconversion to 
clinical T1D tends to be more rapid, with the highest 
rates of progression observed in those who develop 
multiple autoantibodies early in life [10, 14, 47]. Ac
cordingly, current recommendations suggest screening 
children two to three times before the age of 15 years, 
ideally starting in the second year of life, with metabolic 
monitoring at relatively frequent intervals as outlined in 
recent international consensus guidelines [11, 47, 48]. In 
contrast, adults generally exhibit slower rates of pro
gression from stage 1 to stage 3 T1D, particularly those 
with single GAD autoantibody positivity, which is more 
commonly observed in adult-onset cases than in 
childhood-onset cases [22, 52]. Consequently, less in
tensive monitoring may be appropriate for adults, al
though the optimal screening ages, intervals, and follow- 
up strategies for this population remain to be defined. An 
important caveat is that adults who test positive for islet 
autoantibodies and are in stage 2 T1D exhibit a risk of 
clinical progression comparable to that of children in 
stage 2. This is likely related to a long duration of pre- 
existing stage 2 T1D [53]. These differences underscore 
the need for age-adapted approaches to both screening 
and post-screening surveillance.

To date, the majority of adult screenings have oc
curred in at-risk relatives, and less is known about the 
incidence and natural history of new islet autoantibodies 
and progression to T1D in adults [22]. Furthermore, it 
has been demonstrated that in a population of children 
and adults with T1D, autoantibody positivity (for one or 
more autoantibodies) decreased with an increase in age 
at T1D onset [52]. A complexity of screening adults for 
T1D is the much higher incidence of T2D in adults 
compared to children (~96% of all diabetes in adults and 
~26% in children) such that the process of T1D iden
tification involves consideration of T2D as a cause for 
dysglycemia at older ages [54, 55]. Another added 
complexity is that many adults are positive for only one 
islet autoantibody prior to or at diagnosis of T1D, and 
that autoantibodies to GAD, which have been shown to 

be present in as many as 90–92% of autoantibody- 
positive adults in one study, do not necessarily confer 
increased risk for T1D. Of note, adults with persistent 
single GAD positivity who ultimately progressed to 
clinical diabetes appeared to exhibit high genetic risk for 
T2D, but not T1D [53]. Application of assays that detect 
only high-affinity GAD autoantibodies may be helpful to 
limit monitoring to only those at risk of T1D progression 
[56]. Additionally, approximately 10–12% of women 
with gestational diabetes, including those above the age 
of 30 years at the time of pregnancy, have been shown to 
be islet autoantibody positive and subsequently develop 
T1D, suggesting pregnant women may benefit from 
screening [57, 58].

The proposed process of repeat testing for T1D can be 
streamlined by combining T1D screening with screening 
for other autoimmune diseases that often co-occur with 
T1D, such as celiac disease or autoimmune thyroid 
disease, and has been explored in children in the TRIAD 
study [59–63]. Other large-scale screening efforts for 
T1D in children with celiac disease (and vice versa) have 
already been implemented in the Autoimmunity 
Screening for Kids (ASK) study, Diabetes Autoimmunity 
Study in the Young (DAISY), and The Environmental 
Determinants of Diabetes in the Young (TEDDY) [60, 
61]. For practical purposes, early screening for T1D can 
also be combined with other routine laboratory 
screenings (e.g., for anemia or lead), vaccination, or 
primary wellness visits [32]. Novel tools for collecting 
blood for screening for presence of autoantibodies in 
T1D are being explored, such as dried blood spot col
lections [64, 65]. These could reduce the logistic burden 
and allow combination with other screening efforts. 
However, these novel approaches need further validation 
before they can be widely implemented.

Populations That Should Be Screened

Relatives of individuals with T1D have up to a 15-fold 
increased risk of developing T1D compared to the 
general population [49]. Despite this, 85–90% of indi
viduals with T1D have no first-degree relative with the 
disease [4, 66]. Furthermore, once individuals develop 
multiple islet autoantibodies, the time it takes to progress 
to clinical T1D appears to be similar regardless of 
whether they have family members with T1D [36]. As a 
result, we believe that early detection should not be 
limited to first-degree relatives of individuals with T1D.

Although people of European ancestry are the most 
affected, individuals of any race can develop T1D. 
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Moreover, the incidence rates of T1D among Hispanic, 
non-Hispanic Black, and non-Hispanic Asian or Pacific 
Islander young adults are increasing faster than in non- 
Hispanic White young adults in the USA [67]. Therefore, 
we are of the opinion that individuals of all races should 
be considered for early detection.

Individuals with other autoimmune conditions have an 
increased risk of developing a second autoimmune disorder, 
including T1D [68]. Autoimmune conditions commonly 
associated with T1D include celiac disease, autoimmune 
thyroid diseases, Addison’s disease, autoimmune gastritis, 
and vitiligo [59, 69]. Screening in individuals with these 
conditions would theoretically enrich rates of positive 
screens. Official consensus on the specific implementation 
of screening practices remains to be determined.

Staging and Monitoring in Individuals with 
Presymptomatic T1D

International consensus guidelines endorsed by so
cieties have been published to guide clinicians on best 
monitoring practices for individuals with positive au
toantibody screening [11]. For those who have a positive 
test at screening, detection should be followed up with an 
assessment of any clinical symptoms and the individual’s 
blood glucose levels and HbA1c to determine whether 
immediate medical attention is needed. A measurement 
of all 4 islet autoantibodies from a separate blood sample 
should be taken to confirm the results [11]. Individuals 
with confirmed positive screens for 2 or more out of 4 
autoantibodies should be staged by performing an oral 
glucose tolerance test (OGTT) (gold standard) or as
sessing their HbA1c. As mentioned above, normogly
cemic individuals (most of the cases) will be classified as 
having stage 1, dysglycemia will define stage 2, and frank 
hyperglycemia will identify those with stage 3, allowing 
timely introduction of insulin therapy (Fig. 1) [3, 11]. In 
the Fr1da study of 220 children with presymptomatic 
T1D, 196 were in stage 1, 17 were in stage 2, and 7 were in 
stage 3 [36]. This staging should be followed by treat
ment if indicated and available [11]. As mentioned 
previously, individuals positive for a single autoantibody, 
also defined as pre-stage 1, are considered at lower risk of 
progression: in these cases, the proposed frequency of 
repeated autoantibody testing and glucose measure
ments over time is less stringent than in those with 
multiple autoantibodies [11].

Screening and identification of presymptomatic T1D 
should be followed by education on the symptoms of 
clinical diabetes and diabetic ketoacidosis and by 

monitoring, with the goal of limiting the possibility of 
the individual experiencing a severe and sudden onset of 
symptomatic T1D and diabetic ketoacidosis [11]. The 
recent international consensus outlined recommended 
steps [11]. Depending on the age of the individual and 
their stage of T1D, different intensity of metabolic 
monitoring, including glucose and HbA1c measure
ments, as well as the offer of continuous glucose moni
toring (CGM), in the context of education should be 
proposed [11]. Several studies have demonstrated that the 
use of CGM in presymptomatic T1D can help identify 
individuals likely to rapidly progress to stage 3 T1D. 
Specifically, spending more than 5–10% of time with 
glucose levels ≥7.8 mmol/L (≥140 mg/dL) was associated 
with progression to stage 3 T1D [70, 71]. While these 
results were not entirely reproduced in some studies and 
others suggest that OGTT is a better predictor of stage 3 
T1D than CGM, given that CGM is less invasive, it should 
be considered an alternative option to OGTT as mass 
screening programs expand rapidly worldwide [72].

Conclusion

The diagnosis of presymptomatic T1D can offer a 
softer landing for patients and caregivers, with time to 
prepare for insulin therapy and for education and 
monitoring to help avoid diabetic ketoacidosis and other 
associated complications. T1D does not begin when a 
person is hyperglycemic; the autoimmune process 
driving the disease begins much earlier. The approach to 
detecting and treating T1D is undergoing a much- 
needed paradigm shift due to the development of 
novel therapeutics that can potentially modify disease 
progression [32, 49]. However, the crux of this move
ment is that individuals with presymptomatic T1D must 
first be identified via detection of islet autoantibodies in 
order to take advantage of these therapies. Therefore, 
early detection of T1D is critical.

To effectively accomplish these goals, significant 
knowledge gaps need to be addressed. First, diagnostic 
and early-detection strategies for early-stage T1D should 
be adopted as part of clinical and medical curricula. 
Specifically, these topics could be taught in medical school 
as well as to pediatricians in postgraduate training pro
grams such as during residency, fellowships, and con
tinuing medical education (CME) programs. This would 
enable more ubiquitous implementation of early-detection 
efforts. Second, a consensus on an ideal early-detection 
strategy needs to be reached to develop clear guidelines on 
the ages at which screening should be performed, how 
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often it should be done, and who should be offered 
screening – in both the pediatric and adult settings. There is 
also a need to clearly define for clinicians how early- 
detection strategies should be extended to a broader 
population, such as potentially offering screening to all 
family members of individuals with T1D or incorporating 
screening into primary care visits to increase participation 
[49]. Further, more research is needed to identify risks for 
different progression patterns in T1D, thus allowing in
dividualization of follow-up. Third, the organizational 
structures in healthcare should also be considered to ensure 
early detection across diverse settings. From a laboratory 
perspective, standardization and harmonization of auto
antibody assays across sites and countries are essential as 
variability in assay platforms, cutoff values, and perfor
mance characteristics can lead to inconsistent results and 
complicate the interpretation of screening outcomes [35, 
44]. Efforts such as the Islet Autoantibody Standardization 
Program (IASP) are critical in this regard, and their 
continued support should be a priority as screening 
programs scale up [73]. Additionally, clear care coordi
nation pathways – from initial screening in primary care to 
confirmatory testing, staging, and specialist referral – need 

to be established to ensure that individuals with positive 
screens are not lost to follow-up and receive timely and 
appropriate management [11, 25, 26, 33]. Another po
tential way to help mobilize efforts for early detection 
would be for public health organizations to incorporate 
screening initiatives for the general population into stan
dard practice (Fig. 2). Such efforts would work toward 
championing education on the benefits of early T1D de
tection and facilitate a commitment to improving clinical 
outcomes of this serious disease.

Acknowledgments

Medical writing was provided by Lauren Boudewyn, PhD, and 
Amicha Robertson, PhD, of IMPRINT Science and was funded by 
Sanofi.

Conflict of Interest Statement

Emily Sims has received research funding from Sanofi; she has 
also received compensation for educational lectures on diabetes 
screening from Medscape, the American Diabetes Association, 

Fig. 2. Measures that need to be taken to ensure appropriate implementation of screening for presymptomatic 
T1D. Several measures need to be taken for widespread implementation of screening for presymptomatic T1D 
to take place. Healthcare systems can use a quality improvement approach to address implementation barriers 
and optimize workflows. T1D, type 1 diabetes.

Screening for Presymptomatic Type 1 
Diabetes 

Horm Res Paediatr 
DOI: 10.1159/000552602 

9 

D
ow

nloaded from
 karger.​com

/​hrp/​article-pdf/​doi/​10.​1159/​000552602/​4559258/​000552602.​pdf by guest on 10 Septem
ber 2026



Sanofi, and Health Matters CME, for serving as the Chair of the 
Steering Committee for Clinical Advances in T1D: Screening, 
Staging, and Treatment, serving on the Sanofi Drug Agnostic T1D 
Screening Committee, and consulting for DRI Healthcare and 
Sanofi. Chantal Mathieu serves or has served on the advisory 
panel for Novo Nordisk, Sanofi, Eli Lilly and Company, Novartis, 
Dexcom, Boehringer Ingelheim, Bayer, Roche, Abbott, Med
tronic, Insulet, Biomea Fusion, SAB Bio, and Vertex. Financial 
compensation for these activities has been received by KU Leuven. 
KU Leuven has received research support for Chantal Mathieu 
from Medtronic, Novo Nordisk, Sanofi, and ActoBio Thera
peutics. Chantal Mathieu serves or has served on the speakers’ 
bureau for Novo Nordisk, Sanofi, Eli Lilly and Company, 
Medtronic, Dexcom, Abbott, Vertex, and Boehringer Ingelheim. 
Financial compensation for these activities has been received by 
KU Leuven. Anette-Gabriele Ziegler is a member of the Data 
Monitoring Committee for 2 clinical trials for Sanofi and serves 
on an advisory board for Sanofi. Marian Rewers is a consultant for 
Sanofi US, Janssen R&D, and Provention Bio and has received 
educational grants from Sanofi US. Osagie Ebekozien has received 
research support through his organization from Abbott Diabetes, 
Lexicon, Lilly, Medtronic, Sanofi, Tandem, and Vertex. He has 
served on advisory boards for Medtronic and Sanofi. Daniel 
Agardh has received research grants and consultant fees from 
Sanofi. Emanuele Bosi has served on advisory boards and has 
received consultancy and lecture fees from Abbott, Medtronic, 
Sanofi, and Roche. Lucienne Chatenoud is a consultant for Sanofi. 

Richard Oram has received research grants or contracts from 
Randox and Sanofi. He has also received royalties and license 
from Randox, consulting fees from Sanofi, Provention Bio, and 
Janssen and payment or honoraria from Sanofi and Novo Nor
disk. He has served on data safety monitoring board or advisory 
board for Sanofi. Sanjoy Dutta has no conflicts of interest to 
disclose.

Funding Sources

Sanofi funded this expert meeting. Medical writing was also 
funded by Sanofi. The authors received no payment from Sanofi 
related to the development of this publication. Sanofi had the 
opportunity to review the publication; however, the authors re
main responsible for all content, editorial decisions, and the 
decision to submit the manuscript.

Author Contributions

E.S., C.M., A.Z., M.R., O.E., D.A., E.B., L.C., R.O., and S.D. 
were all involved in the conception, drafting and review of this 
work, approved the final manuscript as submitted and agree to be 
accountable for all aspects of the work.

References

1 Quinn LM, Rashid R, Narendran P, Shukla 
D. Screening children for presymptomatic 
type 1 diabetes. Br J Gen Pract. 2023;73(726): 
3 6 –9 .  h t t p s : / / d o i . o r g / 1 0 . 3 3 9 9 /  
bjgp23X731709

2 Quattrin T, Mastrandrea LD, Walker LSK. 
Type 1 diabetes. Lancet. 2023;401(10394): 
2149–62. https://doi.org/10.1016/s0140- 
6736(23)00223-4

3 Insel RA, Dunne JL, Atkinson MA, Chiang 
JL, Dabelea D, Gottlieb PA, et al. Staging 
presymptomatic type 1 diabetes: a scientific 
statement of JDRF, the Endocrine Society, 
and the American Diabetes Association. 
Diabetes Care. 2015;38(10):1964–74. https:// 
doi.org/10.2337/dc15-1419

4 American Diabetes Association Professional 
Practice Committee for Diabetes*. 2. Diag
nosis and classification of diabetes: standards 
of care in diabetes-2026. Diabetes Care. 2026; 
49(Suppl_1):S27-49. https://doi.org/10.2337/ 
dc26-S002

5 Tönnies T, Brinks R, Isom S, Dabelea D, 
Divers J, Mayer-Davis EJ, et al. Projections of 
type 1 and type 2 diabetes burden in the U.S. 
population aged <20 years through 2060: the 
SEARCH for diabetes in youth study. Dia
betes Care. 2023;46(2):313–20. https://doi. 
org/10.2337/dc22-0945

6 Gregory GA, Robinson TIG, Linklater SE, 
Wang F, Colagiuri S, de Beaufort C, et al. 
Global incidence, prevalence, and mor

tality of type 1 diabetes in 2021 with 
projection to 2040: a modelling study. 
Lancet Diabetes Endocrinol. 2022;10(10): 
741–60. https://doi.org/10.1016/s2213- 
8587(22)00218-2

7 Alonso GT, Coakley A, Pyle L, Manseau K, 
Thomas S, Rewers A. Diabetic ketoacidosis at 
diagnosis of type 1 diabetes in Colorado 
children, 2010-2017. Diabetes Care. 2020; 
43(1):117–21. https://doi.org/10.2337/dc19- 
0428

8 Cherubini V, Grimsmann JM, Åkesson K, 
Birkebæk NH, Cinek O, Dovč K, et al. 
Temporal trends in diabetic ketoacidosis 
at diagnosis of paediatric type 1 diabetes 
between 2006 and 2016: results from 13 
countries in three continents. Dia
betologia. 2020;63(8):1530–41. https://doi. 
org/10.1007/s00125-020-05152-1

9 Verge CF, Gianani R, Kawasaki E, Yu L, 
Pietropaolo M, Jackson RA, et al. Prediction 
of type I diabetes in first-degree relatives 
using a combination of insulin, GAD, and 
ICA512bdc/IA-2 autoantibodies. Diabetes. 
1996;45(7):926–33. https://doi.org/10.2337/ 
diab.45.7.926

10 Ziegler AG, Rewers M, Simell O, Simell T, 
Lempainen J, Steck A, et al. Seroconversion 
to multiple islet autoantibodies and risk of 
progression to diabetes in children. JAMA. 
2013;309(23):2473–9. https://doi.org/10. 
1001/jama.2013.6285

11 Phillip M, Achenbach P, Addala A, Albanese- 
O’Neill A, Battelino T, Bell KJ, et al. Consensus 
guidance for monitoring individuals with islet 
autoantibody-positive pre-stage 3 type 1 dia
betes. Diabetologia. 2024;67(9):1731–59. https:// 
doi.org/10.1007/s00125-024-06205-5

12 Society for Maternal-Fetal Medicine Coding 
Committee. Coding Tip: New ICD-10-CM 
Codes for 2025. August 2024. https://assets. 
noviams.com/novi-file-uploads/smfm/ 
Practice_Management/Coding_Tips/New_ 
ICD-10-CM_Codes_for_2025-f974a36c.pdf
(Accessed July 21, 2026).

13 Vehik K, Bonifacio E, Lernmark Å, Yu L, 
Williams A, Schatz D, et al. Hierarchical order 
of distinct autoantibody spreading and pro
gression to type 1 diabetes in the TEDDY study. 
Diabetes Care. 2020;43(9):2066–73. https://doi. 
org/10.2337/dc19-2547

14 Ghalwash M, Anand V, Ng K, Dunne JL, Lou 
O, Lundgren M, et al. Data-driven phenotyping 
of presymptomatic type 1 diabetes using lon
gitudinal autoantibody profiles. Diabetes Care. 
2024;47(8):1424–31. https://doi.org/10.2337/ 
dc24-0198

15 Felton JL, Redondo MJ, Oram RA, Speake C, 
Long SA, Onengut-Gumuscu S, et al. Islet 
autoantibodies as precision diagnostic tools 
to characterize heterogeneity in type 1 dia
betes: a systematic review. Commun Med. 
2024;4(1):66. https://doi.org/10.1038/ 
s43856-024-00478-y

10 Horm Res Paediatr 
DOI: 10.1159/000552602 

Sims et al. 

D
ow

nloaded from
 karger.​com

/​hrp/​article-pdf/​doi/​10.​1159/​000552602/​4559258/​000552602.​pdf by guest on 10 Septem
ber 2026

https://doi.org/10.3399/bjgp23X731709
https://doi.org/10.3399/bjgp23X731709
https://doi.org/10.1016/s0140-6736(23)00223-4
https://doi.org/10.1016/s0140-6736(23)00223-4
https://doi.org/10.2337/dc15-1419
https://doi.org/10.2337/dc15-1419
https://doi.org/10.2337/dc26-S002
https://doi.org/10.2337/dc26-S002
https://doi.org/10.2337/dc22-0945
https://doi.org/10.2337/dc22-0945
https://doi.org/10.1016/s2213-8587(22)00218-2
https://doi.org/10.1016/s2213-8587(22)00218-2
https://doi.org/10.2337/dc19-0428
https://doi.org/10.2337/dc19-0428
https://doi.org/10.1007/s00125-020-05152-1
https://doi.org/10.1007/s00125-020-05152-1
https://doi.org/10.2337/diab.45.7.926
https://doi.org/10.2337/diab.45.7.926
https://doi.org/10.1001/jama.2013.6285
https://doi.org/10.1001/jama.2013.6285
https://doi.org/10.1007/s00125-024-06205-5
https://doi.org/10.1007/s00125-024-06205-5
https://assets.noviams.com/novi-file-uploads/smfm/Practice_Management/Coding_Tips/New_ICD-10-CM_Codes_for_2025-f974a36c.pdf
https://assets.noviams.com/novi-file-uploads/smfm/Practice_Management/Coding_Tips/New_ICD-10-CM_Codes_for_2025-f974a36c.pdf
https://assets.noviams.com/novi-file-uploads/smfm/Practice_Management/Coding_Tips/New_ICD-10-CM_Codes_for_2025-f974a36c.pdf
https://assets.noviams.com/novi-file-uploads/smfm/Practice_Management/Coding_Tips/New_ICD-10-CM_Codes_for_2025-f974a36c.pdf
https://doi.org/10.2337/dc19-2547
https://doi.org/10.2337/dc19-2547
https://doi.org/10.2337/dc24-0198
https://doi.org/10.2337/dc24-0198
https://doi.org/10.1038/s43856-024-00478-y
https://doi.org/10.1038/s43856-024-00478-y


16 Sims EK, Cuthbertson D, Ferrat LA, Bosi E, 
Evans-Molina C, DiMeglio LA, et al. IA-2A 
positivity increases risk of progression within 
and across established stages of type 1 dia
betes. Diabetologia. 2025;68(5):993–1004. 
https://doi.org/10.1007/s00125-025-06382-x

17 Barker JM, Goehrig SH, Barriga K, Hoffman 
M, Slover R, Eisenbarth GS, et al. Clinical 
characteristics of children diagnosed with 
type 1 diabetes through intensive screening 
and follow-up. Diabetes Care. 2004;27(6): 
1399–404. https://doi.org/10.2337/diacare. 
27.6.1399

18 Sooy M, Pyle L, Alonso GT, Broncucia HC, 
Rewers A, Gottlieb PA, et al. Lower preva
lence of diabetic ketoacidosis at diagnosis in 
research participants monitored for hyper
glycemia. J Clin Endocrinol Metab. 2024; 
110(1):e80-6. https://doi.org/10.1210/ 
clinem/dgae158

19 Martinenghi S, Merolla A, Grogan P, Bian
coni E, Senni E, Goncharova A, et al. Pre
vention of diabetic ketoacidosis in relatives 
screened for islet autoantibodies and fol
lowed up in the TrialNet Pathway to Pre
vention study at a single institution in Italy. 
Diabetologia. 2025;68(9):1889–98. https:// 
doi.org/10.1007/s00125-025-06461-z

20 Hummel S, Carl J, Friedl N, Winkler C, Kick 
K, Stock J, et al. Children diagnosed with 
presymptomatic type 1 diabetes through 
public health screening have milder diabetes 
at clinical manifestation. Diabetologia. 2023; 
66(9):1633–42. https://doi.org/10.1007/ 
s00125-023-05953-0

21 Virdi N, Poon Y, Abaniel R, Bergenstal RM. 
Prevalence, cost, and burden of diabetic 
ketoacidosis. Diabetes Technol Ther. 2023; 
25(S3):S75–84. https://doi.org/10.1089/dia. 
2023.0149

22 Leslie RD, Evans-Molina C, Freund-Brown J, 
Buzzetti R, Dabelea D, Gillespie KM, et al. 
Adult-onset type 1 diabetes: current under
standing and challenges. Diabetes Care. 
2021;44(11):2449–56. https://doi.org/10. 
2337/dc21-0770

23 Casu A, Kanapka LG, Foster NC, Hirsch IB, 
Laffel LM, Shah VN, et al. Characteristics of 
adult- compared to childhood-onset type 1 
diabetes. Diabet Med. 2020;37(12):2109–15. 
https://doi.org/10.1111/dme.14314

24 Marcovecchio ML, Hendriks AEJ, Delfin 
C, Battelino T, Danne T, Evans ML, et al. 
The INNODIA Type 1 Diabetes Natural 
History Study: a European cohort of newly 
diagnosed children, adolescents and 
adults. Diabetologia. 2024;67(6):995–1008. 
ht tps : / /doi .org/10.1007/s00125-024-  
06124-5

25 McQueen RB, Geno Rasmussen C, Waugh 
K, Frohnert BI, Steck AK, Yu L, et al. Cost 
and cost-effectiveness of large-scale screen
ing for type 1 diabetes in Colorado. Diabetes 
Care. 2020;43(7):1496–503. https://doi.org/ 
10.2337/dc19-2003

26 Karl FM, Winkler C, Ziegler AG, Laxy M, 
Achenbach P. Costs of public health 

screening of children for presymptomatic 
type 1 diabetes in Bavaria, Germany. Dia
betes Care. 2022;45(4):837–44. https://doi. 
org/10.2337/dc21-1648

27 Cho MK, Kim MY. Educational needs of 
people with type 1 diabetes mellitus and their 
parents: a cross-sectional study. Nurs Open. 
2023;10(7):4849–58. https://doi.org/10.1002/ 
nop2.1737

28 Herold KC, Bundy BN, Long SA, Bluestone 
JA, DiMeglio LA, Dufort MJ, et al. An anti- 
CD3 antibody, teplizumab, in relatives at risk 
for type 1 diabetes. N Engl J Med. 2019; 
381(7):603–13. https://doi.org/10.1056/ 
NEJMoa1902226

29 Sims EK, Bundy BN, Stier K, Serti E, Lim N, 
Long SA, et al. Teplizumab improves and 
stabilizes beta cell function in antibody- 
positive high-risk individuals. Sci Transl 
Med. 2021;13(583):eabc8980. https://doi. 
org/10.1126/scitranslmed.abc8980

30 Lledó-Delgado A, Preston-Hurlburt P, 
Currie S, Clark P, Linsley PS, Long SA, et al. 
Teplizumab induces persistent changes in 
the antigen-specific repertoire in individuals 
at risk for type 1 diabetes. J Clin Investig. 
2024;134(18):e177492. https://doi.org/10. 
1172/JCI177492

31 Thakkar S, Chopra A, Nagendra L, Kalra S, 
Bhattacharya S. Teplizumab in type 1 dia
betes mellitus: an updated review. touchREV 
Endocrinol. 2023;19(2):22–30. https://doi. 
org/10.17925/ee.2023.19.2.7

32 American Diabetes Association. Summary of 
the American Diabetes Association Type 1 
Diabetes Screening & Awareness Round
table. 2024. https://professional.diabetes.org/ 
sites/default/files/2024-04/ADA-T1D- 
Screening-and-Awareness-Roundtable- 
Report.pdf (Accessed July 21, 2026).

33 Ospelt E, Hardison H, Rioles N, Noor N, 
Weinstock RS, Cossen K, et al. Under
standing providers’ readiness and attitudes 
toward autoantibody screening: a mixed- 
methods study. Clin Diabetes. 2024;42(1): 
17–26. https://doi.org/10.2337/cd23-0057

34 Bonifacio E, Winkler C, Achenbach P, Ziegler 
AG. Effect of population-wide screening for 
presymptomatic early-stage type 1 diabetes on 
paediatric clinical care. Lancet Diabetes En
docrinol. 2024;12(6):376–8. https://doi.org/10. 
1016/s2213-8587(24)00101-3

35 Fouts A, Pyle L, Yu L, Miao D, Michels A, 
Krischer J, et al. Do electrochemiluminescence 
assays improve prediction of time to type 1 
diabetes in autoantibody-positive TrialNet 
subjects? Diabetes Care. 2016;39(10):1738–44. 
https://doi.org/10.2337/dc16-0302

36 Ziegler AG, Kick K, Bonifacio E, Haupt F, 
Hippich M, Dunstheimer D, et al. Yield of a 
public health screening of children for islet 
autoantibodies in Bavaria, Germany. JAMA. 
2020;323(4):339–51. https://doi.org/10.1001/ 
jama.2019.21565

37 O’Donnell HK, Rasmussen CG, Dong F, Sim
mons KM, Steck AK, Frohnert BI, et al. Anxiety 
and risk perception in parents of children 

identified by population screening as high risk 
for type 1 diabetes. Diabetes Care. 2023;46(12): 
2155–61. https://doi.org/10.2337/dc23-0350

38 Leocadio P, Kelleher C, Fernández E, Hawkes 
CP. Adolescents’ experiences of transition to 
self-management of type 1 diabetes: systematic 
review and future directions. Sci Diabetes Self 
Manag Care. 2023;49(6):477–92. https://doi. 
org/10.1177/26350106231206779

39 O’Donnell HK, Simmons KM, Gitelman SE, 
Dex T, Hill R, Wieloch M, et al. Real-world 
experiences of adult individuals or caregivers 
of children who received teplizumab treat
ment in stage 2 type 1 diabetes. Diabetes 
Obes Metab. 2025;27(5):2495–506. https:// 
doi.org/10.1111/dom.16246

40 Bingley PJ, Wherrett DK, Shultz A, Rafkin 
LE, Atkinson MA, Greenbaum CJ. Type 1 
diabetes TrialNet: a multifaceted approach to 
bringing disease-modifying therapy to clin
ical use in type 1 diabetes. Diabetes Care. 
2018;41(4):653–61. https://doi.org/10.2337/ 
dc17-0806

41 Wilson JMG, Jungner G. Principles and Practice 
of Screening for Disease. Public Health Papers, 
no. 34. World Health Organization; 1968. 
https://iris.who.int/server/api/core/bitstreams/ 
762f0d2f-4225-46df-b060-c39b37b9d76d/ 
content (Accessed July 21, 2026).

42 Peters A. Screening for autoantibodies in type 1 
diabetes: a call to action. J Fam Pract. 2021; 
70(6S):S47–52. https://doi.org/10.12788/jfp. 
0223

43 Chmiel R, Giannopoulou EZ, Winkler C, 
Achenbach P, Ziegler AG, Bonifacio E. Pro
gression from single to multiple islet autoan
tibodies often occurs soon after seroconversion: 
implications for early screening. Diabetologia. 
2015;58(2):411–3. https://doi.org/10.1007/ 
s00125-014-3443-1

44 Jia X, He L, Miao D, Waugh K, Rasmussen 
CG, Dong F, et al. High-affinity ZnT8 au
toantibodies by electrochemiluminescence 
assay improve risk prediction for type 1 
diabetes. J Clin Endocrinol Metab. 2021; 
106(12):3455–63. https://doi.org/10.1210/ 
clinem/dgab575

45 Simmons KMW, Frohnert BI, O’Donnell HK, 
Bautista K, Geno Rasmussen C, Gerard Gon
zalez A, et al. Historical insights and current 
perspectives on the diagnosis and management 
of presymptomatic type 1 diabetes. Diabetes 
Technol Ther. 2023;25(11):790–9. https://doi. 
org/10.1089/dia.2023.0276

46 Kyrönniemi A, Valtanen T, Koskenniemi J, 
Vähäsalo P, Härkönen T, Ilonen J, et al. 
Extremely early appearance of islet autoan
tibodies in genetically susceptible children. 
Pediatr Diabetes. 2023;2023:9973135. 
https://doi.org/10.1155/2023/9973135

47 Ghalwash M, Anand V, Lou O, Martin F, 
Rewers M, Ziegler AG, et al. Islet autoantibody 
screening in at-risk adolescents to predict type 
1 diabetes until young adulthood: a prospective 
cohort study. Lancet Child Adolesc Health. 
2023;7(4):261–8. https://doi.org/10.1016/ 
s2352-4642(22)00350-9

Screening for Presymptomatic Type 1 
Diabetes 

Horm Res Paediatr 
DOI: 10.1159/000552602 

11 

D
ow

nloaded from
 karger.​com

/​hrp/​article-pdf/​doi/​10.​1159/​000552602/​4559258/​000552602.​pdf by guest on 10 Septem
ber 2026

https://doi.org/10.1007/s00125-025-06382-x
https://doi.org/10.2337/diacare.27.6.1399
https://doi.org/10.2337/diacare.27.6.1399
https://doi.org/10.1210/clinem/dgae158
https://doi.org/10.1210/clinem/dgae158
https://doi.org/10.1007/s00125-025-06461-z
https://doi.org/10.1007/s00125-025-06461-z
https://doi.org/10.1007/s00125-023-05953-0
https://doi.org/10.1007/s00125-023-05953-0
https://doi.org/10.1089/dia.2023.0149
https://doi.org/10.1089/dia.2023.0149
https://doi.org/10.2337/dc21-0770
https://doi.org/10.2337/dc21-0770
https://doi.org/10.1111/dme.14314
https://doi.org/10.1007/s00125-024-06124-5
https://doi.org/10.1007/s00125-024-06124-5
https://doi.org/10.2337/dc19-2003
https://doi.org/10.2337/dc19-2003
https://doi.org/10.2337/dc21-1648
https://doi.org/10.2337/dc21-1648
https://doi.org/10.1002/nop2.1737
https://doi.org/10.1002/nop2.1737
https://doi.org/10.1056/NEJMoa1902226
https://doi.org/10.1056/NEJMoa1902226
https://doi.org/10.1126/scitranslmed.abc8980
https://doi.org/10.1126/scitranslmed.abc8980
https://doi.org/10.1172/JCI177492
https://doi.org/10.1172/JCI177492
https://doi.org/10.17925/ee.2023.19.2.7
https://doi.org/10.17925/ee.2023.19.2.7
https://professional.diabetes.org/sites/default/files/2024-04/ADA-T1D-Screening-and-Awareness-Roundtable-Report.pdf
https://professional.diabetes.org/sites/default/files/2024-04/ADA-T1D-Screening-and-Awareness-Roundtable-Report.pdf
https://professional.diabetes.org/sites/default/files/2024-04/ADA-T1D-Screening-and-Awareness-Roundtable-Report.pdf
https://professional.diabetes.org/sites/default/files/2024-04/ADA-T1D-Screening-and-Awareness-Roundtable-Report.pdf
https://doi.org/10.2337/cd23-0057
https://doi.org/10.1016/s2213-8587(24)00101-3
https://doi.org/10.1016/s2213-8587(24)00101-3
https://doi.org/10.2337/dc16-0302
https://doi.org/10.1001/jama.2019.21565
https://doi.org/10.1001/jama.2019.21565
https://doi.org/10.2337/dc23-0350
https://doi.org/10.1177/26350106231206779
https://doi.org/10.1177/26350106231206779
https://doi.org/10.1111/dom.16246
https://doi.org/10.1111/dom.16246
https://doi.org/10.2337/dc17-0806
https://doi.org/10.2337/dc17-0806
https://iris.who.int/server/api/core/bitstreams/762f0d2f-4225-46df-b060-c39b37b9d76d/content
https://iris.who.int/server/api/core/bitstreams/762f0d2f-4225-46df-b060-c39b37b9d76d/content
https://iris.who.int/server/api/core/bitstreams/762f0d2f-4225-46df-b060-c39b37b9d76d/content
https://doi.org/10.12788/jfp.0223
https://doi.org/10.12788/jfp.0223
https://doi.org/10.1007/s00125-014-3443-1
https://doi.org/10.1007/s00125-014-3443-1
https://doi.org/10.1210/clinem/dgab575
https://doi.org/10.1210/clinem/dgab575
https://doi.org/10.1089/dia.2023.0276
https://doi.org/10.1089/dia.2023.0276
https://doi.org/10.1155/2023/9973135
https://doi.org/10.1016/s2352-4642(22)00350-9
https://doi.org/10.1016/s2352-4642(22)00350-9


48 Ghalwash M, Dunne JL, Lundgren M, Re
wers M, Ziegler AG, Anand V, et al. Two-age 
islet-autoantibody screening for childhood 
type 1 diabetes: a prospective cohort study. 
Lancet Diabetes Endocrinol. 2022;10(8): 
589–96. https://doi.org/10.1016/s2213- 
8587(22)00141-3

49 Sims EK, Besser REJ, Dayan C, Geno Ras
mussen C, Greenbaum C, Griffin KJ, et al. 
Screening for type 1 diabetes in the general 
population: a status report and perspective. 
Diabetes. 2022;71(4):610–23. https://doi.org/ 
10.2337/dbi20-0054

50 Bonifacio E, Coelho R, Ewald DA, Gemulla 
G, Hubmann M, Jarosz-Chobot P, et al. The 
efficacy of islet autoantibody screening with 
or without genetic pre-screening strategies 
for the identification of presymptomatic type 
1 diabetes. Diabetologia. 2025;68(6):1101–7. 
https://doi.org/10.1007/s00125-025-06408-4

51 Trusheim M, Kostense S, Ferrat LA, 
McQueen RB, Neusner RD, Oram RA, et al. 
37-OR: childhood screening and intercep
tion strategies: an economic cohort simula
tion model. Diabetes. 2022;71(Suppl_1). 
https://doi.org/10.2337/db22-37-OR

52 Bravis V, Kaur A, Walkey HC, Godsland IF, 
Misra S, Bingley PJ, et al. Relationship be
tween islet autoantibody status and the 
clinical characteristics of children and adults 
with incident type 1 diabetes in a UK cohort. 
BMJ Open. 2018;8(4):e020904. https://doi. 
org/10.1136/bmjopen-2017-020904

53 Templeman EL, Ferrat LA, Thomas N, 
Speake C, Wherrett DK, Sherr J, et al. 
Contrasting adult and pediatric populations 
in a cohort of at-risk relatives in the T1D 
TrialNet Pathway to Prevention study. Di
abetes Care. 2025;48(9):1571–80. https://doi. 
org/10.2337/dc25-0192

54 Thomas NJ, Lynam AL, Hill AV, Weedon 
MN, Shields BM, Oram RA, et al. Type 1 
diabetes defined by severe insulin deficiency 
occurs after 30 years of age and is commonly 
treated as type 2 diabetes. Diabetologia. 2019; 
62(7):1167–72. https://doi.org/10.1007/ 
s00125-019-4863-8

55 Thomas NJ, Jones SE, Weedon MN, Shields 
BM, Oram RA, Hattersley AT. Frequency 
and phenotype of type 1 diabetes in the first 
six decades of life: a cross-sectional, geneti
cally stratified survival analysis from UK 
Biobank. Lancet Diabetes Endocrinol. 2018; 
6(2):122–9. https://doi.org/10.1016/s2213- 
8587(17)30362-5

56 Gu Y, Jia X, Vartak T, Miao D, Dong F, 
Jerram ST, et al. Improving clinical utility of 
GAD65 autoantibodies by electro
chemiluminescence assay and clinical phe
notype when identifying autoimmune adult- 
onset diabetes. Diabetologia. 2021;64(9): 

2052–60. https://doi.org/10.1007/s00125- 
021-05492-6

57 Löbner K, Knopff A, Baumgarten A, Mol
lenhauer U, Marienfeld S, Garrido-Franco 
M, et al. Predictors of postpartum diabetes in 
women with gestational diabetes mellitus. 
Diabetes. 2006;55(3):792–7. https://doi.org/ 
10.2337/diabetes.55.03.06.db05-0746

58 Luiro K, Auvinen AM, Auvinen J, Jokelainen 
J, Järvelä I, Knip M, et al. Autoantibodies 
predict type 1 diabetes after gestational di
abetes - a 23-year cohort study. Front En
docrinol. 2023;14:1286375. https://doi.org/ 
10.3389/fendo.2023.1286375

59 Conrad N, Misra S, Verbakel JY, Verbeke G, 
Molenberghs G, Taylor PN, et al. Incidence, 
prevalence, and co-occurrence of autoim
mune disorders over time and by age, sex, 
and socioeconomic status: a population- 
based cohort study of 22 million individ
uals in the UK. Lancet. 2023;401(10391): 
1878–90. https://doi.org/10.1016/s0140- 
6736(23)00457-9

60 Stahl MG, Geno Rasmussen C, Dong F, 
Waugh K, Norris JM, Baxter J, et al. Mass 
screening for celiac disease: the Autoim
munity Screening for Kids study. Am J 
Gastroenterol. 2021;116(1):180–7. https:// 
doi.org/10.14309/ajg.0000000000000751

61 He L, Jia X, Gu Y, Miao D, Waugh K, Geno 
C, et al. Large-scale screening in general 
population children for celiac disease with 
a multiplex electrochemiluminescence 
(ECL) assay. J Immunol Res. 2020;2020: 
8897656. https://doi.org/10.1155/2020/ 
8897656

62 Naredi Scherman M, Lind A, Hamdan S, 
Lundgren M, Svensson J, Pociot F, et al. 
Home capillary sampling and screening for 
type 1 diabetes, celiac disease, and auto
immune thyroid disease in a Swedish 
general pediatric population: the TRIAD 
study. Front Pediatr. 2024;12:1386513. 
h t t p s : / / d o i . o r g / 1 0 . 3 3 8 9 / f p e d . 2 0 2 4 .  
1386513

63 Winkler C, Jolink M, Knopff A, Kwarteng 
NA, Achenbach P, Bonifacio E, et al. Age, 
HLA, and sex define a marked risk of organ- 
specific autoimmunity in first-degree rela
tives of patients with type 1 diabetes. Dia
betes Care. 2019;42(9):1684–91. https://doi. 
org/10.2337/dc19-0315

64 Simmons KM, Youngkin E, Alkanani A, 
Miao D, McDaniel K, Yu L, et al. Screening 
children for type 1 diabetes-associated an
tibodies at community health fairs. Pediatr 
Diabetes. 2019;20(7):909–14. https://doi.org/ 
10.1111/pedi.12902

65 Bingley PJ, Rafkin LE, Matheson D, Steck 
AK, Yu L, Henderson C, et al. Use of dried 
capillary blood sampling for islet autoanti

body screening in relatives: a feasibility 
study. Diabetes Technol Ther. 2015;17(12): 
867–71. https://doi.org/10.1089/dia.2015. 
0133

66 Turtinen M, Härkönen T, Parkkola A, Ilonen 
J, Knip M, Finnish Pediatric Diabetes Reg
ister. Characteristics of familial type 1 dia
betes: effects of the relationship to the af
fected family member on phenotype and 
genotype at diagnosis. Diabetologia. 2019; 
62(11):2025–39. https://doi.org/10.1007/ 
s00125-019-4952-8

67 Centers for Disease Control and Preven
tion. National diabetes statistics report. 
Updated May 15, 2024. https://www.cdc. 
gov/diabetes/php/data-research/index. 
html (Accessed August 26, 2024).

68 Thomas N, Vaidya B, Leslie RD, Agardh D, 
Oram R, Dabelea D, et al. Association of 
individual or family history of autoimmune 
disease with future development of type 1 
diabetes. Diabetes Metab Res Rev. 2026; 
42(1):e70110. https://doi.org/10.1002/dmrr. 
70110

69 Hughes JW, Riddlesworth TD, DiMeglio LA, 
Miller KM, Rickels MR, McGill JB, T1D 
Exchange Clinic Network. Autoimmune 
diseases in children and adults with type 1 
diabetes from the T1D Exchange Clinic 
Registry. J Clin Endocrinol Metab. 2016; 
101(12):4931–7. https://doi.org/10.1210/jc. 
2016-2478

70 Steck AK, Dong F, Geno Rasmussen C, 
Bautista K, Sepulveda F, Baxter J, et al. 
CGM metrics predict imminent progres
sion to type 1 diabetes: Autoimmunity 
Screening for Kids (ASK) study. Diabetes 
Care. 2022;45(2):365–71. https://doi.org/ 
10.2337/dc21-0602

71 Wilson DM, Pietropaolo SL, Acevedo-Cal
ado M, Huang S, Anyaiwe D, Scheinker D, 
et al. CGM metrics identify dysglycemic 
states in participants from the TrialNet 
Pathway to Prevention study. Diabetes Care. 
2023;46(3):526–34. https://doi.org/10.2337/ 
dc22-1297

72 Huber E, Singh T, Bunk M, Hebel M, Kick K, 
Weiß A, et al. Discrimination and precision 
of continuous glucose monitoring in staging 
children with presymptomatic type 1 dia
betes. J Clin Endocrinol Metab. 2025;110(6): 
1624–32. https://doi.org/10.1210/clinem/ 
dgae691

73 Marzinotto I, Pittman DL, Williams AJK, 
Long AE, Achenbach P, Schlosser M, et al. 
Islet Autoantibody Standardization Pro
gram: interlaboratory comparison of in
sulin autoantibody assay performance in 
2018 and 2020 workshops. Diabetologia. 
2023;66(5):897–912. https://doi.org/10. 
1007/s00125-023-05877-9

12 Horm Res Paediatr 
DOI: 10.1159/000552602 

Sims et al. 

D
ow

nloaded from
 karger.​com

/​hrp/​article-pdf/​doi/​10.​1159/​000552602/​4559258/​000552602.​pdf by guest on 10 Septem
ber 2026

https://doi.org/10.1016/s2213-8587(22)00141-3
https://doi.org/10.1016/s2213-8587(22)00141-3
https://doi.org/10.2337/dbi20-0054
https://doi.org/10.2337/dbi20-0054
https://doi.org/10.1007/s00125-025-06408-4
https://doi.org/10.2337/db22-37-OR
https://doi.org/10.1136/bmjopen-2017-020904
https://doi.org/10.1136/bmjopen-2017-020904
https://doi.org/10.2337/dc25-0192
https://doi.org/10.2337/dc25-0192
https://doi.org/10.1007/s00125-019-4863-8
https://doi.org/10.1007/s00125-019-4863-8
https://doi.org/10.1016/s2213-8587(17)30362-5
https://doi.org/10.1016/s2213-8587(17)30362-5
https://doi.org/10.1007/s00125-021-05492-6
https://doi.org/10.1007/s00125-021-05492-6
https://doi.org/10.2337/diabetes.55.03.06.db05-0746
https://doi.org/10.2337/diabetes.55.03.06.db05-0746
https://doi.org/10.3389/fendo.2023.1286375
https://doi.org/10.3389/fendo.2023.1286375
https://doi.org/10.1016/s0140-6736(23)00457-9
https://doi.org/10.1016/s0140-6736(23)00457-9
https://doi.org/10.14309/ajg.0000000000000751
https://doi.org/10.14309/ajg.0000000000000751
https://doi.org/10.1155/2020/8897656
https://doi.org/10.1155/2020/8897656
https://doi.org/10.3389/fped.2024.1386513
https://doi.org/10.3389/fped.2024.1386513
https://doi.org/10.2337/dc19-0315
https://doi.org/10.2337/dc19-0315
https://doi.org/10.1111/pedi.12902
https://doi.org/10.1111/pedi.12902
https://doi.org/10.1089/dia.2015.0133
https://doi.org/10.1089/dia.2015.0133
https://doi.org/10.1007/s00125-019-4952-8
https://doi.org/10.1007/s00125-019-4952-8
https://www.cdc.gov/diabetes/php/data-research/index.html
https://www.cdc.gov/diabetes/php/data-research/index.html
https://www.cdc.gov/diabetes/php/data-research/index.html
https://doi.org/10.1002/dmrr.70110
https://doi.org/10.1002/dmrr.70110
https://doi.org/10.1210/jc.2016-2478
https://doi.org/10.1210/jc.2016-2478
https://doi.org/10.2337/dc21-0602
https://doi.org/10.2337/dc21-0602
https://doi.org/10.2337/dc22-1297
https://doi.org/10.2337/dc22-1297
https://doi.org/10.1210/clinem/dgae691
https://doi.org/10.1210/clinem/dgae691
https://doi.org/10.1007/s00125-023-05877-9
https://doi.org/10.1007/s00125-023-05877-9

	Screening and Monitoring for Presymptomatic Type 1 Diabetes: A Time for Action
	Clinical Type 1 Diabetes Is Preceded by Presymptomatic Type 1 Diabetes
	The Benefits of Early Detection of T1D
	Barriers to Early Detection of T1D
	Current Scientific State of Screening Tests and Programs Available
	How Early T1D Detection Satisfies the Wilson and Jungner Principles
	Early Detection of Islet Autoantibodies in Clinical Practice
	Populations That Should Be Screened
	Staging and Monitoring in Individuals with Presymptomatic T1D
	Conclusion
	Acknowledgments
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	References


