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Abstract

Background/Aim: Type 1 diabetes is an autoimmune disease that involves the

development of autoantibodies against pancreatic islet beta‐cell antigens, preceding

clinical diagnosis by a period of preclinical disease activity. As screening activity to

identify autoantibody‐positive individuals increases, a rise in presymptomatic type 1

diabetes individuals seeking medical attention is expected. Current guidance on how

to monitor these individuals in a safe but minimally invasive way is limited. This

article aims to provide clinical guidance for monitoring individuals with presymp-

tomatic type 1 diabetes to reduce the risk of diabetic ketoacidosis (DKA) at

diagnosis.

Methods: Expert consensus was obtained from members of the Fr1da, GPPAD, and

INNODIA consortia, three European diabetes research groups. The guidance covers

both specialist and primary care follow‐up strategies.

Results: The guidance outlines recommended monitoring approaches based on age,

disease stage and clinical setting. Individuals with presymptomatic type 1 diabetes

are best followed up in specialist care. For stage 1, biannual assessments of random

plasma glucose and HbA1c are suggested for children, while annual assessments are

recommended for adolescents and adults. For stage 2, 3‐monthly clinic visits with

additional home monitoring are advised. The value of repeat OGTT in stage 1 and

the use of continuous glucose monitoring in stage 2 are discussed. Primary care is

encouraged to monitor individuals who decline specialist care, following the guid-

ance presented.

Conclusions: As type 1 diabetes screening programs become more prevalent,

effective monitoring strategies are essential to mitigate the risk of complications

such as DKA. This guidance serves as a valuable resource for clinicians, providing

practical recommendations tailored to an individual's age and disease stage, both

within specialist and primary care settings.

K E Y W O R D S

monitoring, presymptomatic type 1 diabetes, primary care, screening, specialist care, staging

1 | INTRODUCTION

Type 1 diabetes is a chronic autoimmune disease that leads to insulin

dependence due to immune‐mediated loss of beta‐cell function.1,2 The

disease affects particularly children and adolescents, but more than

half of those diagnosed with type 1 diabetes are older than 18 years at

clinical the onset.3 Our understanding of the underlying autoimmune

process is evolving, especially with regards to the development of

autoantibodies against antigens of the pancreatic islet beta‐cells and

the risk of requiring insulin therapy.4 As such, it is clear that the clinical

diagnosis of type 1 diabetes, through presence of hyperglycaemia and

classical symptoms, is preceded by weeks, months or years of pre-

clinical disease activity.5 Biomarkers of this disease activity are

continuously being refined, but the presence of autoantibodies against

beta‐cell antigens has been shown to predict the clinical disease onset

in family members of people with type 1 diabetes, as well as in the

general population,6–8 thus leading to a novel classification of type 1

diabetes, including preclinical stages.9 A hallmark paper in 2015

introduced the concept of staging of type 1 diabetes,10 which has been

incorporated into current clinical practice guidelines, where stage 1 is

presymptomatic with multiple positive islet autoantibodies and nor-

moglycaemia, stage 2 is presymptomatic with (usually) multiple islet

autoantibodies and dysglycaemia, and stage 3 is the onset of clinical

type 1 diabetes with hyperglycaemia.9–11 Further sub‐classifications,

such as stage 1a and 1b but also stage 3a (asymptomatic) and 3b

(symptomatic), are likely to become more widely used as more and

more individuals are identified in the early stages and the risk to

progression is better understood. For example, individuals in stage 1b

(based on progression likelihood score calculation, including HbA1c,

OGTT 90 min glucose and insulinoma‐like antigen‐2 autoantibody [IA‐
2A] titre) have been shown to have similar rapid progression to stage 3

as individuals in stage 2.11,12 Current staging of type 1 diabetes is
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shown in Figure 1. The risk and rate of developing stage 3 type 1

diabetes varies depending on islet autoantibody status and age at

seroconversion. Children with two or more islet autoantibodies (stage

1 or 2) have a >99% lifetime risk of stage 3 type 1 diabetes with 84%

developing insulin dependence within 15 years.8 Children with single

positive islet autoantibodies who revert back to islet autoantibody

negative within 2 years of seroconversion have a risk of only 12% to

develop stage 3 type 1 diabetes over the next 15 years, while this risk

is 30% in those children that remain single islet autoantibody positive

after 2 years.6 Time to stage 3 type 1 diabetes is shorter in children

who develop islet autoantibodies before the age of 10 years than in

adolescents and adults.8,13 The risk to develop multiple islet autoan-

tibodies is high in the first 2 years from seroconversion, depending on

the age of the child and the type of autoantibody.14,15 IA‐2A positivity

and its titre are associated with an increased rate of progression to

clinical diabetes.7,16–18 Children who are single autoantibody positive

have therefore been followed in research studies with repeated

antibody testing to identify those who develop multiple autoanti-

bodies or IA‐2A positivity.

Several screening studies have been rolled out in recent years

with the aim of identifying individuals at risk and monitoring their

progression to stage 3 type 1 diabetes.19 Initial screening studies

have focused on first‐degree relatives of people with type 1 diabetes

who have a 15‐fold higher risk of developing type 1 diabetes

compared to the general population.20 However, 90% of newly

diagnosed type 1 diabetes individuals do not have a first‐degree

relative with the condition. More recently, general population

screening programs have been introduced across Europe and the

USA.7,19,21 These initiatives identify individuals with presymptomatic

type 1 diabetes based on the detection of islet autoantibodies, with

or without prior genetic risk screening. At risk individuals identified

through these studies are educated and followed over time to avoid

diabetic ketoacidosis (DKA) by early diagnosis of stage 3 type 1

diabetes. Whilst the incidence of DKA in newly diagnosed type 1

diabetes has remained unacceptably high in recent years,22,23

screening programmes have recently shown to be successful in

reducing the incidence of DKA at diagnosis.24–28

We are now entering a new era where disease‐modifying ther-

apies are becoming part of the therapeutic arsenal of type 1 diabetes.

Recently, the American Food and Drug Administration approved

Teplizumab for the treatment of people with stage 2 type 1 diabetes

based on the evidence of delaying progression to stage 3 type 1

diabetes.29 Further immunotherapy and other drug trials in pre-

symptomatic type 1 diabetes are on the horizon as this may be an

important therapeutic window to halt the progression of disease and

avoid insulin dependence.

The increase in screening initiatives will lead to a growing

number of individuals, especially children and adolescents, diagnosed

with presymptomatic type 1 diabetes. While at present these in-

dividuals will be offered follow‐up as part of the research protocols, it

is likely that not all will want to take this up. Some may find the

research protocols too labour intensive; others may have issues with

travel or have other objections to further participate in research.

However, individuals with presymptomatic type 1 diabetes are

currently not routinely seen in the healthcare setting. Therefore, a

new situation for clinicians, in particular specialist care teams and

primary care physicians, is created where clinical advice is needed on

how to follow up these individuals in a safe but minimally invasive

way. Suggestions for follow‐up have been included in the ISPAD

guidelines of 2022,11 but there is a need for a structured approach

F I G U R E 1 Stages of type 1 diabetes.9–12 The figure shows a schematic representation of the pathogenesis and staging of type 1 diabetes.

Based on a genetic predisposition, autoimmunity against the beta cells in the islets of Langerhans of the pancreas may occur (islet
autoimmunity). The confirmed‐positive detection of autoantibodies in the blood directed against several different beta cell antigens (multiple
islet autoantibodies) marks the presence of an early stage of the disease type 1 diabetes in individuals who have not yet shown any diabetes
symptoms. Early stage type 1 diabetes may be associated with normoglycemia (stage 1) or dysglycaemia (stage 2). Individuals with

presymptomatic early stage develop clinical type 1 diabetes with hyperglycaemia (stage 3) over an individual‐variable period of time, leading
to the onset of diabetes symptoms if untreated. The rate of progression can be estimated by immunologic and metabolic testing. †Individuals
with Stage 1b show similar rapid progression to Stage 3 as individuals in Stage 2.
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based on age, disease stage and clinical setting. An important aspect

to consider is that the reimbursement of the costs involved with the

monitoring of these individuals may vary from country to country,

depending on the specific regulations of each health care system. As,

to date, this has not been established in most countries, we advocate

that this should be done as soon as possible.

2 | AIM

To create clinical advice for healthcare professionals to guide the

monitoring of individuals, in particular children and adolescents, with

presymptomatic type 1 diabetes to limit their risk of presenting with

DKA at diagnosis of stage 3 type 1 diabetes using minimally invasive

testing to enhance concordance and limit the burden for these

individuals.

2.1 | Target population

Physicians caring for individuals with presymptomatic type 1

diabetes.

2.2 | Consensus group

This clinical advice is written by a group of experts who are members

of three European diabetes consortia that have come together to

discuss the need and contents of this guideline: Fr1da, GPPAD and

INNODIA (Supporting Information S1).30–32 The Fr1da study was

designed as a model project in order to introduce public health

screening of multiple islet autoantibodies in Bavaria, Germany. The

Fr1da study has shown that early staging of type 1 diabetes in

childhood is feasible and leads to a reduction in DKA incidence.7,28,31

GPPAD is the Global Platform for the Prevention of Autoimmune

Diabetes that was established in 2015 with the intention to establish

an infrastructure for primary prevention trials in type 1 diabetes and

that currently includes five European countries.32–35 The Innovative

approach towards understanding and arresting type 1 diabetes

(INNODIA) consortium was established through the Horizon 2020

initiative of the European Union in 2015 (https://www.innodia.eu/)

with the purpose of developing a European infrastructure for the

recruitment, detailed clinical phenotyping and bio sampling of a large

cohort of newly diagnosed individuals with type 1 diabetes and un-

affected family members using the INNODIA Master protocol,

generating a bio resource for type 1 diabetes discovery science.30

3 | DEFINITIONS

Presymptomatic type 1 diabetes is defined as an individual without

symptoms who is persistently confirmed positive for two or more

islet autoantibodies on at least two independently drawn blood

samples.7,9

Staging of presymptomatic type 1 diabetes is based on the ADA

criteria to define dysglycaemia and hyperglycaemia using fasting

plasma glucose (FPG), 2 h PG during OGTT and HbA1c (Table 1).9

HbA1c should be measured using an NGSP certified method.9

Random plasma glucose (RPG) can also be used to diagnose hyper-

glycaemia if symptoms are present. In addition to the ADA criteria,

many research studies use intermediate time points during OGTT to

diagnose dysglycaemia, as defined by glucose values ≥200 mg/dL

(≥11.1 mmol/L) at 30‐, 60‐ or 90‐min (Table 1).10 Diabetes specialists

may use these intermediate time points when interpreting OGTT

data.

Further stratification of the risk and rate of progression is an

ongoing topic of research in type 1 diabetes. Some have shown the

value of stratification based on advanced indices that include C−
peptide measured during OGTT, such as Index 60 or DPTRS.36,37

Others have shown that autoantibody type and titre, especially

IA‐2A, affect the likelihood of progression.7,12,16–18 In the TrialNet

study, it was shown that HLA typing and genetic risk scores can also

T A B L E 1 ADA criteria for normoglycaemia, dysglycaemia and hyperglycaemia.9

Normoglycaemia (stage 1) Dysglycaemia (stage 2) Hyperglycaemia (stage 3)

Fasting plasma glucose FPG <100 mg/dL

(<5.6 mmol/L) OR

FPG 100–125 mg/dL (5.6–

6.9 mmol/L) OR

FPG ≥126 mg/dL (≥7.0 mmol/L) OR

Haemoglobin A1c HbA1c <5.7%

(<39 mmol/mol) OR

HbA1c 5.7%–6.4% (39–47 mmol/mol) OR HbA1c ≥6.5% (≥48 mmol/mol) OR

HbA1c ≥10% increase from previous

visit OR

Oral glucose tolerance test 2 h PG <140 mg/dL

(<7.8 mmol/L)

2 h PG 140–199 mg/dL (7.8–

11.0 mmol/L)

2 h PG ≥200 mg/dL

(≥11.1 mmol/L) OR

Additional criteria used in research

studies 10

30‐, 60‐ or 90‐min PG ≥200 mg/dL

(≥11.1 mmol/L)

Random plasma glucose Symptoms þ PG ≥200 mg/dL

(≥11.1 mmol/L)

Abbreviations: FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; PG, plasma glucose.
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stratify the risk of progression in presymptomatic type 1 diabetes,

although this was not observed in young children in the Fr1da

study.7,38 Further research is required to establish which of these

factors should be included in clinical care. For this guidance, we

have included metabolic markers that are currently widely used

by primary care and specialist care physicians managing type 1

diabetes.

There is a need for less labour‐intensive methods than the OGTT

for metabolic staging of islet autoantibody‐positive individuals at risk

of progression to type 1 diabetes to limit the burden of testing for

individuals with presymptomatic type 1 diabetes and increase their

acceptability of testing. Evidence is emerging on the value of

continuous glucose monitoring (CGM) to detect dysglycaemia early

and to predict the risk of progression to type 1 diabetes.21,39,40 In this

clinical guidance, CGM is being suggested for use only in specialist

care monitoring of those with stage 2 presymptomatic type 1 dia-

betes, as careful interpretation by a diabetes specialist is required

when using this relatively new method that has not yet been fully

validated to diagnose dysglycaemia or stage 3 type 1 diabetes.

3.1 | Pathway for individuals identified with
presymptomatic type 1 diabetes

Figure 2 shows the recommended pathway for individuals identified

with presymptomatic type 1 diabetes as they present to clinical care

for the first time (Figure 2). Considering the relatively low numbers of

individuals who will present with presymptomatic type 1 diabetes,

the fast evolution in monitoring possibilities and the advent of dis-

ease modifying therapies, we strongly advocate for individuals with

stage 1 or stage 2 type 1 diabetes to be followed in specialist care. In

the next section, we discuss the recommended follow‐up in this

setting.

Not all individuals diagnosed with presymptomatic type 1 dia-

betes may agree to be monitored in specialist care. Concerns such as

travel time, travel costs or co‐payment for specialist clinic visits may

deter individuals from being monitored in specialist care, but they

may be open to being seen in primary care instead. Not all primary

care settings will be suitable for this, but in the cases where primary

care can support individuals who are not engaging with specialist

care, this may help to recognise progression to stage 2 or stage 3

type 1 diabetes earlier and avoid complications. To support primary

care physicians who encounter presymptomatic type 1 diabetes in-

dividuals in their clinic, we have included guidance for monitoring in

the primary care setting in the last section of this paper.

3.2 | Specialist care advice for follow‐up

In Figure 3 we present the advice for clinical follow‐up of in-

dividuals with presymptomatic type 1 diabetes in specialist care

(Figure 3). Education of the individual and their family should always

take priority and include signs and symptoms of type 1 diabetes,

DKA, how to use a glucometer and what is healthy eating. Teams

may also want to deliver teaching on the pathophysiology of type 1

diabetes and explain the staging of type 1 diabetes. Information on

licenced treatments or ongoing intervention studies in the area

where the person lives should be shared with the individual and

their family.

Individuals with unknown stage of type 1 diabetes should have a

staging OGTT to: 1. Identify those with stage 1, stage 2, or stage 3

type 1 diabetes; and 2. To inform the monitoring frequency during

further follow‐up. Individuals with stage 3 type 1 diabetes should be

monitored as per local type 1 diabetes guidelines, and insulin therapy

should be considered. However, the timing of initiating insulin ther-

apy is outside the remit of this clinical advice.41 Individuals with stage

1 or stage 2 type 1 diabetes should be monitored in specialist care

and we present the type of tests and frequency here (Figure 3).

OGTT in children <2 years of age can be challenging and monthly

F I G U R E 2 Pathway for individuals with newly diagnosed
presymptomatic type 1 diabetes.

HENDRIKS ET AL. - 5 of 10
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monitoring of glucose at home post carbohydrate‐rich meal can be

considered as an alternative until (staging) OGTT is feasible. OGTT

glucose cut‐off levels for staging (Table 1) can be used as guidance

when interpreting these glucose levels.9

All individuals in early stages of type 1 diabetes should be given

a glucometer to measure finger prick blood glucose levels if symp-

tomatic or during febrile illness and advised to seek help from their

care team if any blood glucose levels are ≥200 mg/dL (≥11.1 mmol/

L). Based on the increased rate of progression to clinical diabetes in

children <10 years of age and in individuals with stage 2 diabetes,

we have stratified our advice on the frequency of at home and

in the clinic testing by age and stage of presymptomatic type 1

diabetes.

For all individuals with stage 2 type 1 diabetes, regardless of age,

we advise frequent monitoring with 3‐monthly clinic visits with

measurement of RPG, preferably post carbohydrate‐rich meal, and

HbA1c. These individuals should also be advised to check glucose

levels at home 1–2 h post a carbohydrate‐rich meal monthly if they

are <10 years of age and every 3 months, in between clinic visits, if

they are 10 years and over. Repeated OGTTs at follow‐up are not

routinely indicated in individuals with stage 2. Instead, we recom-

mend performing an OGTT once HbA1c is ≥6% (42 mmol/mol) to

identify those who have progressed to stage 3 early on. If stage 3 is

not confirmed, then OGTT should not be repeated until HbA1c level

is again ≥6% (42 mmol/mol) at a subsequent visit and no sooner than

6 months following the previous OGTT. If individuals are found to

meet the criteria for hyperglycaemia (Table 1), the start of insulin

treatment should be considered.

With the rise in the use of CGM, diabetes teams may choose to

use this in addition to measuring RPG and HbA1c in stage 2 in-

dividuals to monitor the risk of progression to stage 3 type 1 dia-

betes. However, CGM‐specific diagnostic cut‐offs are not yet

validated and therefore careful interpretation by a diabetes profes-

sional experienced in CGM technology is required.

F I G U R E 3 Advice for follow‐up of individuals with presymptomatic type 1 diabetes in specialist care. †OGTT in children <2 years of age
can be challenging, consider monthly monitoring of glucose at home post carbohydrate‐rich meal as an alternative until OGTT is feasible. ‡1–
2 h post carbohydrate‐rich meal. §In between clinic visits. ¶CGM in stage 2 for 10 days if feasible, CGM T1D criteria not validated,
interpretation by specialist. Abbreviations: CGM, continuous glucose monitoring; HbA1c, haemoglobin A1c; OGTT, oral glucose tolerance test;

PG, plasma glucose; RPG, random plasma glucose; T1D, type 1 diabetes.
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For children with stage 1 type 1 diabetes, we recommend that

they be seen twice a year by their specialist team for testing of RPG

and HbA1c. Adolescents and adults can be seen once a year for these

assessments. We recommend repeating OGTT every 1–2 years in

children under the age of 10 years and every 2–3 years in adolescents

and adults to identify those who have progressed to stage 2 early on.

Individuals may occasionally revert from stage 2 to stage 1 type

1 diabetes during follow‐up. If this is suspected based on an HbA1c

level <5.7% (39 mmol/mol), we recommend following up the indi-

vidual from that moment onwards according to the stage 1 moni-

toring guidance (Figure 3). Dietary changes after a diagnosis of early

stage type 1 diabetes may be one of the contributing factors. In-

dividuals who revert from stage 3 to stage 2 type 1 diabetes require

bespoke advice from a specialist team.

3.3 | Primary care advice for follow‐up

In general, diabetes teams will be best equipped to monitor in-

dividuals with any stage of type 1 diabetes and we strongly recom-

mend that presymptomatic type 1 diabetes individuals are followed

in specialist care. However, individuals and their families may not

wish to engage with specialist care until insulin therapy is indicated

and may prefer monitoring by their primary care physician. In

Figure 4 we present the advice for follow‐up of individuals with

presymptomatic type 1 diabetes in primary care (Figure 4). The first

and most important step in this advice is to ensure that teaching on

the clinical signs and symptoms of type 1 diabetes is delivered.

Classic symptoms include polyuria, polydipsia, nocturia, fatigue and

weight loss, commonly referred to as the 4Ts: toilet, thirsty, tyred

and thinner. Changes in behaviour, mood, or appetite are also

commonly seen. Vomiting or a change in the breathing pattern is

sometimes the reason to seek medical attention, especially in

younger children where the classic symptoms may be subtle and

often hard to recognise. In adults, type 1 diabetes can have a more

insidious onset.

Individuals presenting with presymptomatic type 1 diabetes to

primary care should have an HbA1c and RPG measured at presen-

tation to ensure that those already progressed to stage 3 are quickly

identified. All individuals should be given a glucometer to measure

finger prick blood glucose levels if symptomatic or during febrile

illness, and education on how to use a glucometer should be pro-

vided. Individuals should be instructed to contact their primary care

team if the random finger prick blood glucose levels are ≥200 mg/dL

(≥11.1 mmol/L).

We use the same stratification by age and stage as for our

specialist care advice. We recommend that children with stage 1 type

1 diabetes are seen twice a year by their primary care physician for

HbA1c and RPG, preferably post carbohydrate‐rich meal. Some may

choose to measure FPG for staging (Table 1), but this is often a late

marker of disease progression. Adolescents and adults can be seen

once a year for these assessments. When interpreting HbA1c results,

clinicians will need to take into consideration that certain conditions

associated with altered rates of erythrocyte turnover will affect

HbA1c levels.42 Some primary care providers might be able to offer

an OGTT, but we would recommend that these should be preferably

performed in specialist care for presymptomatic type 1 diabetes.

If individuals are found to develop dysglycaemia during follow‐
up, they should be preferably referred to specialist care for further

monitoring, especially young children <10 years of age. If due to

circumstances specialist care monitoring is not feasible, we would

recommend 3‐monthly clinic visits for HbA1c and random glucose

levels in primary care for all individuals with stage 2 presymptomatic

type 1 diabetes.

If individuals are found to meet the criteria for hyperglycaemia

(Table 1), they should be urgently referred to specialist care for

consideration of insulin treatment. Home ketone monitoring is not

F I G U R E 4 Advice for follow‐up of individuals with
presymptomatic type 1 diabetes in primary care. #Certain
conditions may affect HbA1c clinical utility.42 §Individuals with

dysglycaemia are preferably monitored in specialist care, see
Figure 3. ¶preferably 1–2 h post carbohydrate‐rich meal.
Abbreviations: HbA1c, haemoglobin A1c; PG: plasma glucose; T1D:
type 1 diabetes.
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recommended in presymptomatic type 1 diabetes to avoid delays in

presentation as all individuals with hyperglycaemia should be

immediately referred irrespective of whether ketones are present or

not. We would recommend that primary care physicians have easy

access to a specialist care team for advice and guidance as they are

likely to encounter presymptomatic only type 1 diabetes sporadically

in their clinics.

4 | CONCLUSION

With the progressive increase in screening programs or future self‐
diagnosis tools, there will be a rise in the diagnosis of individuals

with presymptomatic type 1 diabetes. Many will be offered moni-

toring through research initiatives and potentially will have the op-

portunity to be enroled into intervention trials. However, not all

individuals will want to continue participating in research, and they

should be offered some form of follow‐up to identify those at risk of

progressing to stage 3 type 1 diabetes and diagnose them early to

prevent DKA and initiate insulin at the right time, especially in chil-

dren and adolescents. Currently, few specialist care clinicians have

experience with individuals with presymptomatic type 1 diabetes.

This expert advice is aimed at providing a simple and safe clinical care

pathway based on the evidence available to date. We also provide

guidance for primary care physicians to monitor those individuals

who refuse to engage with specialist care. Other important areas for

consideration in islet autoantibody‐positive individuals, such as when

to start insulin, antibody monitoring of single autoantibody‐positive

individuals, or psychological aspects of presymptomatic type 1 dia-

betes, are not covered in this clinical care advice but will be part of an

ongoing JDRF initiative to develop a consensus statement on the

wider care and management of autoantibody‐positive individuals

(https://www.jdrf.org/). Evidence emerging from ongoing and future

studies assessing the feasibility and acceptability of novel monitoring

tools (eg., home OGTT, CGM) will provide invaluable information for

future updates of this advice.

AUTHOR CONTRIBUTIONS

A Emile J Hendriks, M Loredana Marcovecchio and Peter Achenbach

wrote and edited the manuscript. Rachel E J Besser, Ezio Bonifacio,

Kristina Casteels, Helena Elding Larsson, Gita Gemulla, Markus

Lundgren, Olga Kordonouri, Roberto Mallone, Flemming Pociot,

Agnieszka Szypowska, Jorma Toppari and Thekla von dem Berge

contributed to writing and reviewing the manuscript. Anette G Zie-

gler and Chantal Mathieu designed the work and critically reviewed

the manuscript. All authors have read and approved the final

manuscript.

ACKNOWLEDGEMENTS

INNODIA has received funding from the Innovative Medicines

Initiative 2 Joint Undertaking under grant agreement No 115797

(INNODIA) and No 945268 (INNODIA HARVEST). This Joint Un-

dertaking receives support from the Union's Horizon 2020 research

and innovation programmer, “EFPIA,” “JDRF” and “The Leona M. and

Harry B. Helmsley Charitable Trust”. The findings reflect only the

author's view and the Joint Undertaking is not responsible for any

use that may be made of the information it contains.

CONFLICT OF INTEREST STATEMENT

Nothing to declare. This consensus statement did not require any

sources of funding to be written.

ETHICS STATEMENT

Ethics opinion has not been sought for this consensus statement.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were

created or analysed in this study.

ORCID

A. Emile J. Hendriks https://orcid.org/0000-0002-0795-1832

PEER REVIEW

The peer review history for this article is available at https://www.

webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3777.

REFERENCES

1. Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. Lancet.
2014;383(9911):69‐82. https://doi.org/10.1016/S0140‐6736(13)

60591‐7
2. Eisenbarth GS, Underhill LH. Type I diabetes mellitus. A chronic

autoimmune disease.N Engl J Med. 1986;314(21):1360‐1368. https://

doi.org/10.1056/NEJM198605223142106

3. Gregory GA, Robinson TIG, Linklater SE, et al. Global incidence,

prevalence, and mortality of type 1 diabetes in 2021 with projection

to 2040: a modelling study. Lancet Diabetes Endocrinol. 2022;10(10):

741‐760. https://doi.org/10.1016/S2213‐8587(22)00218‐2
4. Greenbaum CJ. A key to T1D prevention: screening and monitoring

relatives as part of clinical care. Diabetes. 2021;70(5):1029‐1037.

https://doi.org/10.2337/db20‐1112

5. Atkinson MA, Eisenbarth GS. Type 1 diabetes: new perspectives on

disease pathogenesis and treatment. Lancet. 2001;358(9277):

221‐229. https://doi.org/10.1016/S0140‐6736(01)05415‐0
6. Anand V, Li Y, Liu B, et al. Islet autoimmunity and HLA markers of

presymptomatic and clinical type 1 diabetes: Joint analyses of pro-

spective cohort studies in Finland, Germany, Sweden, and the US.

Diabetes Care. 2021;44(10):2269‐2276. https://doi.org/10.2337/

dc20‐1836

7. Ziegler AG, Kick K, Bonifacio E, et al. Yield of a public health

screening of children for islet autoantibodies in Bavaria, Germany.

JAMA. 2020;323(4):339‐351. https://doi.org/10.1001/jama.2019.

21565

8. Ziegler AG, Rewers M, Simell O, et al. Seroconversion to multiple

islet autoantibodies and risk of progression to diabetes in children.

JAMA. 2013;309(23):2473‐2479. https://doi.org/10.1001/jama.

2013.6285

9. El Sayed NA, Aleppo G, Aroda VR, et al. 2. Classification and diag-

nosis of diabetes: standards of care in diabetes‐2023. Diabetes Care.
2023;46(Supplement_1):S19‐S40. https://doi.org/10.2337/dc23‐
S002

10. Insel RA, Dunne JL, Atkinson MA, et al. Staging presymptomatic type

1 diabetes: a scientific statement of JDRF, the Endocrine Society, and

8 of 10 - HENDRIKS ET AL.

 15207560, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.3777 by Pharm
aSw

iss D
.O

.O
., W

iley O
nline L

ibrary on [05/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.jdrf.org/
https://orcid.org/0000-0002-0795-1832
https://orcid.org/0000-0002-0795-1832
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3777
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3777
https://doi.org/10.1016/S0140-6736(13)60591-7
https://doi.org/10.1016/S0140-6736(13)60591-7
https://doi.org/10.1056/NEJM198605223142106
https://doi.org/10.1056/NEJM198605223142106
https://doi.org/10.1016/S2213-8587(22)00218-2
https://doi.org/10.2337/db20-1112
https://doi.org/10.1016/S0140-6736(01)05415-0
https://doi.org/10.2337/dc20-1836
https://doi.org/10.2337/dc20-1836
https://doi.org/10.1001/jama.2019.21565
https://doi.org/10.1001/jama.2019.21565
https://doi.org/10.1001/jama.2013.6285
https://doi.org/10.1001/jama.2013.6285
https://doi.org/10.2337/dc23-S002
https://doi.org/10.2337/dc23-S002
https://orcid.org/0000-0002-0795-1832


the American Diabetes Association. Diabetes Care. 2015;38(10):

1964‐1974. https://doi.org/10.2337/dc15‐1419

11. Besser REJ, Bell KJ, Couper JJ, et al. ISPAD clinical practice consensus

guidelines 2022: stages of type 1 diabetes in children and adoles-

cents. Pediatr Diabetes. 2022;23(8):1175‐1187. https://doi.org/10.

1111/pedi.13410

12. Weiss A, Zapardiel‐Gonzalo J, Voss F, et al. Progression likelihood

score identifies substages of presymptomatic type 1 diabetes in

childhood public health screening. Diabetologia. 2022;65(12):

2121‐2131. https://doi.org/10.1007/s00125‐022‐05780‐9
13. Vermeulen I, Weets I, Costa O, et al. An important minority of

prediabetic first‐degree relatives of type 1 diabetic patients derives

from seroconversion to persistent autoantibody positivity after 10

years of age. Diabetologia. 2012;55(2):413‐420. https://doi.org/10.

1007/s00125‐011‐2376‐1
14. Chmiel R, Giannopoulou EZ, Winkler C, Achenbach P, Ziegler AG,

Bonifacio E. Progression from single to multiple islet autoantibodies

often occurs soon after seroconversion: implications for early

screening. Diabetologia. 2015;58(2):411‐413. https://doi.org/10.

1007/s00125‐014‐3443‐1
15. Bauer W, Veijola R, Lempainen J, et al. Age at seroconversion, HLA

genotype, and specificity of autoantibodies in progression of islet

autoimmunity in childhood. J Clin Endocrinol Metab. 2019;104(10):

4521‐4530. https://doi.org/10.1210/jc.2019‐00421

16. Ng K, Stavropoulos H, Anand V, et al. Islet autoantibody type‐specific

titer thresholds improve stratification of risk of progression to type 1

diabetes in children. Diabetes Care. 2022;45(1):160‐168. https://doi.

org/10.2337/dc21‐0878

17. Achenbach P, Warncke K, Reiter J, et al. Stratification of type 1

diabetes risk on the basis of islet autoantibody characteristics. Dia-
betes. 2004;53(2):384‐392. https://doi.org/10.2337/diabetes.53.

2.384

18. Decochez K, De Leeuw IH, Keymeulen B, et al. IA‐2 autoantibodies

predict impending type I diabetes in siblings of patients. Diabetologia.
2002;45(12):1658‐1666. https://doi.org/10.1007/s00125‐002‐
0949‐8

19. Sims EK, Besser REJ, Dayan C, et al. Screening for type 1 diabetes in

the general population: a status report and perspective. Diabetes.
2022;71(4):610‐623. https://doi.org/10.2337/dbi20‐0054

20. Bonifacio E. Predicting type 1 diabetes using biomarkers. Diabetes
Care. 2015;38(6):989‐996. https://doi.org/10.2337/dc15‐0101

21. Steck AK, Dong F, Geno Rasmussen C, et al. CGM metrics predict

imminent progression to type 1 diabetes: autoimmunity screening

for kids (ASK) study. Diabetes Care. 2022;45(2):365‐371. https://doi.

org/10.2337/dc21‐0602

22. Cherubini V, Grimsmann JM, Akesson K, et al. Temporal trends in

diabetic ketoacidosis at diagnosis of paediatric type 1 diabetes be-

tween 2006 and 2016: results from 13 countries in three continents.

Diabetologia. 2020;63(8):1530‐1541. https://doi.org/10.1007/

s00125‐020‐05152‐1
23. Birkebaek NH, Kamrath C, Grimsmann JM, et al. Impact of the

COVID‐19 pandemic on long‐term trends in the prevalence of dia-

betic ketoacidosis at diagnosis of paediatric type 1 diabetes: an in-

ternational multicentre study based on data from 13 national

diabetes registries. Lancet Diabetes Endocrinol. 2022;10(11):786‐794.

https://doi.org/10.1016/S2213‐8587(22)00246‐7
24. Hekkala AM, Ilonen J, Toppari J, Knip M, Veijola R. Ketoacidosis at

diagnosis of type 1 diabetes: effect of prospective studies with

newborn genetic screening and follow up of risk children. Pediatr
Diabetes. 2018;19(2):314‐319. https://doi.org/10.1111/pedi.12541

25. Jacobsen LM, Vehik K, Veijola R, et al. Heterogeneity of DKA inci-

dence and age‐specific clinical characteristics in children diagnosed

with type 1 diabetes in the TEDDY study. Diabetes Care. 2022;45(3):

624‐633. https://doi.org/10.2337/dc21‐0422

26. Wentworth JM, Oakey H, Craig ME, et al. Decreased occurrence of

ketoacidosis and preservation of beta cell function in relatives

screened and monitored for type 1 diabetes in Australia and New

Zealand. Pediatr Diabetes. 2022;23(8):1594‐1601. https://doi.org/10.

1111/pedi.13422

27. Winkler C, Schober E, Ziegler AG, Holl RW. Markedly reduced rate of

diabetic ketoacidosis at onset of type 1 diabetes in relatives screened

for islet autoantibodies. Pediatr Diabetes. 2012;13(4):308‐313.

https://doi.org/10.1111/j.1399‐5448.2011.00829.x

28. Hummel S, Carl J, Friedl N, et al. Children diagnosed with pre-

symptomatic type 1 diabetes through public health screening have

milder diabetes at clinical manifestation. Diabetologia. 2023;66(9):

1633‐1642. https://doi.org/10.1007/s00125‐023‐05953‐0
29. Herold KC, Bundy BN, Long SA, et al. An anti‐CD3 antibody, Tepli-

zumab, in relatives at risk for type 1 diabetes. N Engl J Med. 2019;

381(7):603‐613. https://doi.org/10.1056/NEJMoa1902226

30. Dunger DB, Bruggraber SFA, Mander AP, et al. INNODIA Master

Protocol for the evaluation of investigational medicinal products in

children, adolescents and adults with newly diagnosed type 1 dia-

betes. Trials. 2022;23(1):414. https://doi.org/10.1186/s13063‐022‐
06259‐z

31. Raab J, Haupt F, Scholz M, et al. Capillary blood islet autoantibody

screening for identifying pre‐type 1 diabetes in the general popu-

lation: design and initial results of the Fr1da study. BMJ Open.
2016;6(5):e011144. https://doi.org/10.1136/bmjopen‐2016‐01

1144

32. Ziegler AG, Danne T, Dunger DB, et al. Primary prevention of beta‐
cell autoimmunity and type 1 diabetes ‐ the Global Platform for the

Prevention of Autoimmune Diabetes (GPPAD) perspectives. Mol
Metab. 2016;5(4):255‐262. https://doi.org/10.1016/j.molmet.2016.

02.003

33. Ziegler AG, Arnolds S, Kolln A, et al. Supplementation with Bifido-

bacterium longum subspecies infantis EVC001 for mitigation of type

1 diabetes autoimmunity: the GPPAD‐SINT1A randomised

controlled trial protocol. BMJ Open. 2021;11(11):e052449. https://

doi.org/10.1136/bmjopen‐2021‐052449

34. Ziegler AG, Achenbach P, Berner R, et al. Oral insulin therapy for

primary prevention of type 1 diabetes in infants with high genetic

risk: the GPPAD‐POInT (global platform for the prevention of

autoimmune diabetes primary oral insulin trial) study protocol. BMJ
Open. 2019;9(6):e028578. https://doi.org/10.1136/bmjopen‐2018‐
028578

35. Winkler C, Haupt F, Heigermoser M, et al. Identification of infants

with increased type 1 diabetes genetic risk for enrollment into Pri-

mary Prevention Trials‐GPPAD‐02 study design and first results.

Pediatr Diabetes. 2019;20(6):720‐727. https://doi.org/10.1111/pedi.

12870

36. Nathan BM, Redondo MJ, Ismail H, et al. Index60 identifies in-

dividuals at appreciable risk for stage 3 among an autoantibody‐
positive population with normal 2‐hour glucose levels: implications

for current staging criteria of type 1 diabetes. Diabetes Care. 2022;

45(2):311‐318. https://doi.org/10.2337/dc21‐0944

37. Sosenko JM, Skyler JS, Mahon J, et al. The application of the diabetes

prevention trial‐type 1 risk score for identifying a preclinical state of

type 1 diabetes. Diabetes Care. 2012;35(7):1552‐1555. https://doi.

org/10.2337/dc12‐0011

38. Redondo MJ, Geyer S, Steck AK, et al. A type 1 diabetes genetic risk

score predicts progression of islet autoimmunity and development of

type 1 diabetes in individuals at risk. Diabetes Care. 2018;41(9):

1887‐1894. https://doi.org/10.2337/dc18‐0087

39. Steck AK, Dong F, Taki I, et al. Continuous glucose monitoring

predicts progression to diabetes in autoantibody positive children. J
Clin Endocrinol Metab. 2019;104(8):3337‐3344. https://doi.org/10.

1210/jc.2018‐02196

HENDRIKS ET AL. - 9 of 10

 15207560, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.3777 by Pharm
aSw

iss D
.O

.O
., W

iley O
nline L

ibrary on [05/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.2337/dc15-1419
https://doi.org/10.1111/pedi.13410
https://doi.org/10.1111/pedi.13410
https://doi.org/10.1007/s00125-022-05780-9
https://doi.org/10.1007/s00125-011-2376-1
https://doi.org/10.1007/s00125-011-2376-1
https://doi.org/10.1007/s00125-014-3443-1
https://doi.org/10.1007/s00125-014-3443-1
https://doi.org/10.1210/jc.2019-00421
https://doi.org/10.2337/dc21-0878
https://doi.org/10.2337/dc21-0878
https://doi.org/10.2337/diabetes.53.2.384
https://doi.org/10.2337/diabetes.53.2.384
https://doi.org/10.1007/s00125-002-0949-8
https://doi.org/10.1007/s00125-002-0949-8
https://doi.org/10.2337/dbi20-0054
https://doi.org/10.2337/dc15-0101
https://doi.org/10.2337/dc21-0602
https://doi.org/10.2337/dc21-0602
https://doi.org/10.1007/s00125-020-05152-1
https://doi.org/10.1007/s00125-020-05152-1
https://doi.org/10.1016/S2213-8587(22)00246-7
https://doi.org/10.1111/pedi.12541
https://doi.org/10.2337/dc21-0422
https://doi.org/10.1111/pedi.13422
https://doi.org/10.1111/pedi.13422
https://doi.org/10.1111/j.1399-5448.2011.00829.x
https://doi.org/10.1007/s00125-023-05953-0
https://doi.org/10.1056/NEJMoa1902226
https://doi.org/10.1186/s13063-022-06259-z
https://doi.org/10.1186/s13063-022-06259-z
https://doi.org/10.1136/bmjopen-2016-011144
https://doi.org/10.1136/bmjopen-2016-011144
https://doi.org/10.1016/j.molmet.2016.02.003
https://doi.org/10.1016/j.molmet.2016.02.003
https://doi.org/10.1136/bmjopen-2021-052449
https://doi.org/10.1136/bmjopen-2021-052449
https://doi.org/10.1136/bmjopen-2018-028578
https://doi.org/10.1136/bmjopen-2018-028578
https://doi.org/10.1111/pedi.12870
https://doi.org/10.1111/pedi.12870
https://doi.org/10.2337/dc21-0944
https://doi.org/10.2337/dc12-0011
https://doi.org/10.2337/dc12-0011
https://doi.org/10.2337/dc18-0087
https://doi.org/10.1210/jc.2018-02196
https://doi.org/10.1210/jc.2018-02196


40. Kontola H, Alanko I, Koskenniemi JJ, et al. Exploring minimally

invasive approach to define stages of type 1 diabetes remotely.

Diabetes Technol Ther. 2022;24(9):655‐665. https://doi.org/10.1089/

dia.2021.0554

41. Tatovic D, Narendran P, Dayan CM. A perspective on treating

type 1 diabetes mellitus before insulin is needed. Nat Rev Endo-
crinol. 2023;19(6):361‐370. https://doi.org/10.1038/s41574‐023‐
00816‐5

42. de Bock M, Codner E, Craig ME, et al. ISPAD Clinical Practice

Consensus Guidelines 2022: glycemic targets and glucose monitoring

for children, adolescents, and young people with diabetes. Pediatr
Diabetes. 2022;23(8):1270‐1276. https://doi.org/10.1111/pedi.

13455

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Hendriks AEJ, Marcovecchio ML,

Besser REJ, et al. Clinical care advice for monitoring of islet

autoantibody positive individuals with presymptomatic type 1

diabetes. Diabetes Metab Res Rev. 2024;e3777. https://doi.org/

10.1002/dmrr.3777

10 of 10 - HENDRIKS ET AL.

 15207560, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.3777 by Pharm
aSw

iss D
.O

.O
., W

iley O
nline L

ibrary on [05/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1089/dia.2021.0554
https://doi.org/10.1089/dia.2021.0554
https://doi.org/10.1038/s41574-023-00816-5
https://doi.org/10.1038/s41574-023-00816-5
https://doi.org/10.1111/pedi.13455
https://doi.org/10.1111/pedi.13455
https://doi.org/10.1002/dmrr.3777
https://doi.org/10.1002/dmrr.3777

	Clinical care advice for monitoring of islet autoantibody positive individuals with presymptomatic type 1 diabetes
	1 | INTRODUCTION
	2 | AIM
	2.1 | Target population
	2.2 | Consensus group

	3 | DEFINITIONS
	3.1 | Pathway for individuals identified with presymptomatic type 1 diabetes
	3.2 | Specialist care advice for follow‐up
	3.3 | Primary care advice for follow‐up

	4 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	DATA AVAILABILITY STATEMENT


