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Abstract
Aim: To evaluate the impact of anti-islet antibody (IAb) screening on the general 
population and first-degree relatives (FDRs)/high-risk individuals and evidence-
based follow-up modalities.
Methods: We performed this review through systematic searches of PubMed, 
EMBASE, Cochrane Library, Web of Science, Clini​calTr​ials.​gov and International 
Clinical Trials Registry Platform between 15 March 2006, and 15 March 2025. We 
selected studies on children and adolescents screened for T1D IAbs, compared 
with people who were not screened or IAb+ individuals who were not followed 
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1   |   INTRODUCTION

Type 1 diabetes (T1D) is the most common form of 
diabetes in children and adolescents.1 Screening for T1D 
in at-risk children and the general population is becoming 
increasingly common worldwide due to the importance 
of identifying and treating at-risk children during the 
initial stages of the disease.2,3 Individuals considered at 
risk include first-degree relatives (FDRs) of children and 
adolescents with T1D (as parents, siblings, children), or 
those with HLA genetic risk.

Studies of individuals at risk for developing T1D have 
demonstrated that the disease is a continuum that pro-
gresses sequentially through distinct identifiable stages 
before the onset of symptoms. Stage 1 is defined as the 
presence of β-cell autoimmunity as evidenced by the 
presence of two or more islet autoantibodies (IAb+) with 
normoglycaemia, Stage 2 as the presence of β-cell auto-
immunity with dysglycaemia and Stage 3 as the onset of 
symptomatic disease.4

Screening children in the preclinical phase of T1D 
for the presence of IAb+ could help to identify at-risk 
individuals and to follow them up, thereby preventing 
diabetic ketoacidosis (DKA), which still occurs in 15 to 
70% of children at diabetes onset, incurring consider-
able morbidity, mortality and need for hospitalization.5 
An early diagnosis, Stage 1 or Stage 2 T1D, provides the 
opportunity to educate children and their families about 

the signs and symptoms of Stage 3 T1D and/or to partic-
ipate in clinical trials to prevent or delay progression to 
Stage 3 T1D.3

There are still several challenges to achieving nation-
wide screening, including establishing optimal timings, 
IAb testing, follow-up modalities, costs and psychological 
issues. While there are consensus guidelines for monitor-
ing individuals testing positive for IAb+6–8 and narrative 
reviews about the impact of T1D screening in the pae-
diatric population, a systematic review of the topic is 
lacking.9,10

To address this knowledge gap, we conducted a system-
atic review with the primary outcome being the impact 
of IAb screening for T1D in the paediatric population on 

up. PICOS framework was used in the selection process. Outcome data were 
extracted, and a meta-analysis of DKA risk at T1D onset was performed. Quality 
of evidence was assessed using the GRADE approach. This study was registered 
with PROSPERO, CRD42024523781.
Results: Sixty-six studies, 53 of moderate-to-high quality, were included. 
Screening was associated with lower DKA rates by 23% (95% CI 18–29%, 
I2 = 88.8%). The risk of stage 3 T1D progression was high in younger children 
with persistent and/or multiple IAb+. Screening was associated with higher 
indicators of parental anxiety, which decreased during follow-up. Children with 
IAb positivity were monitored according to age and T1D stage, using HbA1c, oral 
glucose tolerance testing and continuous glucose monitoring (CGM). Time above 
140 mg/dL was a biomarker of progression.
Conclusions: Population screening with IAbs and follow-up of IAb+ 
individuals helps decrease DKA and allows participation in intervention trials. 
This systematic review provides evidence for clinical practice on the screening 
timing, modalities and follow-up. Further studies on the use of CGM are 
expected.

K E Y W O R D S

anti-islet antibody, DKA risk, meta-analysis, screening, systematic review, type 1 diabetes

What's new

•	 In this systematic review, 53 moderate-high 
quality studies were included and revealed that 
screening for IAb reduces DKA by 23% (95% CI 
18–29%).

•	 The risk of progressing to stage 3 T1D is 
particularly high in children aged 2–5 years 
with persistent IAb+ and/or multiple IAb+.

•	 Screening could increase parental anxiety, but 
this decreases after 1 year or during follow-up.
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the frequency of IAb+, T1D, DKA at T1D onset and psy-
chological outcomes; secondary outcomes were timings of 
screening and follow-up, modality of follow-up, metabolic 
monitoring and prediction of T1D onset.

2   |   METHODS

The protocol of this systematic review was registered 
in PROSPERO on 23 March 2024, with accession 
CRD42024523781.

2.1  |  Search strategy

The PubMed, EMBASE, Cochrane Library, Web of 
Science, Clini​calTr​ials.​gov and International Clinical 
Trials Registry Platform databases were searched on April 
30, 2025, for studies published between 15 March 2006 
and 15 March 2025, using the MeSH terms reported in the 
Supplemental Methods.

2.2  |  Criteria for study selection, 
outcomes and measures of effect

The literature was systematically searched according to 
the Population, Intervention, Comparison, Outcomes, 
Study design (PICOS) model (Table 1).

The primary outcome was screening effect on Stage 
3 T1D diagnosis and presentation, and the measures 

of effect were (i) frequencies of IAb+ in the population 
screened and Stage 1–3 T1D; (ii) HbA1c, glucose and C-
peptide values at diagnosis; (iii) frequency of DKA, mor-
bidity and mortality; and (iv) psychological outcomes (in 
parents and youth) such as family distress and burden, 
anxiety and depression.

Secondary outcomes were follow-up modality, and the 
measures of effect were (i) age; (ii) timing of follow-up; 
(iii) modality assessed by IAb and metabolic monitoring 
(oral glucose tolerance testing (OGTT), C-peptide, HbA1c, 
continuous glucose monitoring (CGM), random serum 
blood glucose (BG)). Inclusion and exclusion criteria and 
the characteristics evaluated in each included study are 
reported in the Supplemental Methods.

2.3  |  Risk of bias (quality) assessment

We used the GRADE approach to rank the quality of 
included evidence (www.​grade​worki​nggro​up.​org), as 
reported in the Supplemental Methods. For studies report-
ing more than one outcome, the quality of the evidence 
was ranked for each outcome.

2.4  |  Data synthesis strategy

The PRISMA flow diagram summarizing the screening 
process is reported in Figure 1. The impact of the screen-
ing programme on the frequency of DKA at T1D onset was 
quantified through meta-analysis (Supplemental Methods).

Population •	 Children and adolescents in the general population (birth to 
18 years)

•	 Child and adolescents first-degree relatives (FDR) of 
individuals with T1D

•	 Children and adolescents with a genetic risk of T1D

Intervention Screening for T1D using multiple anti-islet antibodies (IAb): 
anti-insulin (IAA), glutamate decarboxylase (GAD), islet antigen 
2 (IA-2), and islet-specific zinc transporter (ZnT8)

Comparison Population not screened/not exposed to the intervention; 
standard care did not include follow-up protocols for youths who 
tested positive during screening

Outcomes •	 Primary outcome: impact of screening on early T1D diagnosis 
and presentation

•	 Secondary outcomes: follow-up modality; anxiety
A description of the measures of effect for each outcome are 
reported in the text

Study design RCTs, observational studies, case series (reviews excluded after 
the screening of references)
•	 Language: languages other than English are not an ‘a priori’ 

exclusion criterion
•	 Published after 2006

T A B L E  1   PICOS strategy for the 
literature searches.
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3   |   RESULTS

A literature review identified 1969 studies; after reviewing 
titles and abstracts, 122 full-text manuscripts were assessed 
for eligibility (Figure  1). After full-text examination, 56 
studies were excluded (Table  S1), leaving 66 studies for 
systematic review.

Of the 66 eligible studies, one was a randomized con-
trolled trial (RCT), and there were 59 prospective longitu-
dinal, four retrospective, and two cross-sectional studies. 
Twenty-three to 6193 individuals with IAb+ positivity were 
enrolled, with smaller sample sizes for CGM (range 23–105 
individuals) and intravenous glucose tolerance testing 
(IVGTT; 47–685 individuals) studies. The summary and 
grading of the evidence are reported in Tables S2 and S3.

Ten papers reported data from studies enrolling the 
general population for screening: from health fairs,11 a 
cohort in Helsinki,12 Danish children,13 the Fr1da cohort 
in Bavaria-Germany,14–17 school children in northeast 
Germany,18 a Swedish cohort19 and the ASK study co-
hort.20 The other studies focused on paediatric individuals 

at high risk of T1D, that is, those with HLA-susceptible 
genotypes and/or FDR with T1D.21–67

Fifty-two studies were classified as moderate-to-high-
quality evidence. The main results of these studies, di-
vided by outcome, are reported in Tables 2–4.

3.1  |  Primary outcome: Impact of 
screening on the frequency of IAb+, T1D, 
DKA at T1D onset and psychological 
outcomes

3.1.1  |  IAb positivity

Positive islet autoantibody tests were confirmed in a sec-
ond sample in the studies included for this review. IAb 
positivity was 0.7–7.2% in the general population11–13,18,20 
and 0.9–23.4% in the high-risk/FDR population.21–33 The 
highest prevalence of IAb+ (52.1%) was observed in a 
Finnish study of high genetic risk.34 Differences in posi-
tive screening rates between programmes were influenced 

F I G U R E  1   PRISMA flow diagram.

Records identified through database searching (n=1969):
PubMed (n=1080)

Embase (n=331), Web of Science (n=520)
Cochrane Library (n=1), ClinicalTrials.gov (n=39)

International Clinical Trials Registry Platform (n=1)

Sc
re
en

in
g

In
clu

de
d

El
ig
ib
ili
ty

noitacifitnedI

Records after duplicates removed
(n=1666)

Records excluded following abstract 
selection (n=1544):
Population: data > 18y or with stage 3 T1D
(n=803)
Not reporting outcomes of interest (n=511)
Review articles (n=67)
Case report (n= 1)
Studies on kit performance (n=88)
Full text not available (n=5)
Number of individuals < 100 (n=24)

Full-text articles assessed for 
eligibility
(n=122)

Full-text articles excluded (n=56):

Not reporting outcomes of interest (n=32)
Population with stage 3 T1D (n=3)
Age > 18y (n=8),
Review articles (n=7)
Editorial-Commentary (n=4)
Number of individuals < 100 (n=2)

Studies included
in this review

(n=66)
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T A B L E  3   Summary and grading of evidence for moderate-to-high-quality studies for psychological outcomes.

References Population

Age at the 
screening F/
up Anxiety/distress Level of evidence

Ziegler AG 
et al. [15]

Healthy children screened 
and parents from DiMelli

1.75 to 5.99
f/up: 2.4 
(1.0–3.2)

Stress ↑ at T0 in mothers of IAb+ vs. 
IAb− but declined after 12 m

Prevalence data
⊕ ⊕ ⊕ ⊖
moderate

Goldstein E 
et al. [50]

Parents of high-risk children 
and ≥2 IAb+ vs. IAb−
RCT intranasal insulin vs. 
placebo

Newborn
f/up: 0.5 to 6.7 
y (mean 2.9)

Stress indexes = in case and control
With Stage 3 T1D diagnosis: higher stress 
than control subjects.
Stress decreased with duration of the f/
up
Single parents, urban environment, 
unemployment and chronic illness in 
the family were associated with higher 
stress, as was maternal age (r = −0.115, 
p = 0.039) but not paternal age

Prevalence data and 
Predictors
⊕ ⊕ ⊕ ⊖
moderate

Johnson SB 
et al. [51]

High-risk and IAb+ vs. IAb− Before 4.5 m 
of age
f/up: 1–6 y

SAI score >40 in 47% of mothers and 34% 
of fathers (> in FDR, basal anxiety, risk 
perception accuracy, two or more IA+ 
test, child being an ethnic minority)
< score with longer f/up (p < 0.05)

Prevalence data and 
Predictors
⊕ ⊕ ⊕ ⊖
moderate

Melin J et al. 
[52]

Parents of children of the 
general population

At birth
f/up: annually 
from 2 to 15 y

Anxiety in 7.1% (> mothers, risk 
perception accuracy, low education)
Anxiety was higher in
•	 mothers of children positive for IAb 

(p < 0.001) and those perceiving their 
child had higher risk of Stage 3 T1D 
(p < 0.001)

•	 having an FDR with Stage 3 T1D 
(p < 0.001 in mothers and 0.004 in 
fathers)

Anxiety was less in highly-educated 
parents (p < 0.001)

Prevalence data and 
Predictors
⊕ ⊕ ⊕ ⊖
moderate

O'Donnell HK 
et al. [53]

High risk with IAb+ and 
their caregivers

5.6–14.7 y
f/up: median 
6.1 months

Anxiety in 74.4% (> in Hispanic, >in 
FDR, basal anxiety, multiple IAb+, low 
education)
During f/up, after the first 2 monitoring 
visits, it decreased

Prevalence data and 
Predictors
⊕ ⊕ ⊕ ⊖
moderate

Roth R et al. 
[54]

Mothers of high-risk 
subjects/FDR

Before 3 m of 
age
f/up: 6 m

Maternal postnatal depression scores 
were in the normal range with an overall 
post-depression prevalence rate of 9% (vs 
10–15% worldwide).
Anxiety (< German mothers, > in 
minority, higher maternal age, low 
education)

Prevalence data and 
Predictors
⊕ ⊕ ⊕ ⊖
moderate

Smith LB et al. 
[55]

High-risk/FDR/general 
population

0–15 y
f/up: up to 15 y

Increased monitoring behaviours after 
IAb+ notification
Greater monitoring behaviours in 
mothers than in fathers, in older 
children, first-born children, non-ethnic 
minority children and FDR families 
compared to general population families

Prevalence data and 
Predictors
⊕ ⊕ ⊕ ⊖
moderate

Note: Quality of evidence: high ⊕ ⊕ ⊕⊕, moderate ⊕ ⊕ ⊕⊖, low ⊕ ⊕ ⊖⊖, very low ⊕ ⊖ ⊖ ⊖.
Abbreviations: DKA, diabetic ketoacidosis; EPDS, Edinburgh Postnatal Depression Scale; FDR, first-degree relative; f/up, follow-up; GP, general population; 
HLA, human leukocyte antigen; IAb, islet autoantibody; m, month; PSI, Parenting Stress Index; PHQ-9, Patient Health Questionnaire-9; QALY, quality-
adjusted life-year; SAI, State Anxiety Inventory; T1D, type 1 diabetes; y, year/s.
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by the number of IAb+ screened (more IAbs tested led 
to higher IAb positivity rates), the assay used (variable 
specificity and sensitivity), IAb+ persistency (maintainer 
vs. reverter), variations in HLA genetic risk (higher rates 
in genetically at-risk individuals) and the age of youths 
(optimal screening ages were 2, 5–7 and 10 years). The 
frequency of reversion from IAb+ to IAb− status was re-
ported in only three studies and was relatively frequent for 
GAD65 (19–33%), insulin IAb (29%) and IA-2A (57%)12,42 
but much rarer (4.1%) in IAb+ individuals in another co-
hort followed-up for 5.2 years.40 Reversion was primar-
ily restricted to children with single IAb positivity (24%), 
occurred within 2 years of seroconversion, and was asso-
ciated with the HLA genotype (DQ2 vs. DQ8), decreas-
ing IAb titres, and older age.42 In contrast, it was rare in 
children who developed multiple IAb+ (<1%).2 Among 
children in whom a single IAb+ reverted, 19–34% sero-
converted back to positive.40,42

3.1.2  |  Diagnosis of stage 3 T1D through 
screening and progression during follow-up

GADA and IA-2A positivity at birth were associated with 
an increased risk of developing Stage 3 T1D (median age 
at Stage 3 T1D diagnosis: 8.8 [range 1–22] years), regard-
less of HLA risk genotypes and maternal diabetes.10 At 
10 years of follow-up, the highest risk was detected for IA-
2+ vs. GADA+ children (p = 0.048).18

In the general population, the prevalence of a Stage 
3 T1D diagnosis detected at the time of the screening 
was 0.02–0.03%.16,20 Instead, during follow-up of Stage 

1 and Stage 2 individuals, the proportion of IAb+ indi-
viduals who progressed to Stage 3 T1D varied based on 
age, follow-up duration and number of IAb+, ranging 
from 17% to 53% of IAb+ children-adolescents.12,18 The 
cumulative risk of T1D at 10 and 18 years of follow-up 
in people testing positive for multiple IAbs was 59.7% 
and 75.1%, respectively (p < 0.001),18 while the risk in 
people testing positive for a single IAb was 1.2% and 
22.6%, respectively (p < 0.001).18 Fifty-three percent of 
IAb+ individuals developed stage 3 T1D after a median 
of 8.6 years.12

In the high-risk/FDR population, the prevalence of 
stage 3 T1D diagnosed by screening was 1% in first-, sec-
ond- and third-degree relatives in one study.32 In high-risk 
individuals, stage 3 T1D was diagnosed during follow-up 
in 3.7–62% of IAb+ individuals, depending on IAb num-
ber, persistence, titre, sample size, age at the screening 
and follow-up duration.19,21–24,28,29,33–46 In high-risk/FDR 
individuals, the 10-year risk of progression to Stage 3 
T1D was 27–69.7% in people testing positive for multi-
ple IAbs, 14.5–26% in people testing positive for one IAb 
and 0.4% in IAb− individuals.24,39,44 The IAb+ number 
predicted progression to Stage 3 T1D: four positive IAbs 
vs. one IAb had a hazard ratio (HR) of 33.1,45 while the 
presence of two IAbs had an HR of 1.85 (p = 0.04).17 The 
positive predictive value (PPV) of multiple IAb positivity 
was higher than HLA-DQB1+ (PPV 61.1% vs. 23.7%).18,45 
In another study, the 15-year risk of progression to stage 
3 T1D varied from 18% to 88%, based on the stringency of 
IAb+ definition.22

Seroconversion of multiple IAbs was associated with an 
increased risk of T1D,29 and the most rapid development 

T A B L E  4   Summary and grading of evidence for moderate-to-high-quality studies for costs. Conversion from euros to dollars on 14 
October 2024 (1 euro = 1.09 dollars).

References Population
Age at the 
screening f/up Costs Level of evidence

McQueen RB 
et al. [19]

General population 2-17 y
f/up: 3 y

Cost per child screened: $47 vs. 141 of 
routine screening
Cost per case detected was $4700 vs. 
no screening and $14,000 for routine 
screening versus no screening

⊕ ⊕ ⊕ ⊖
moderate

Vehik K et al. 
[29]

FDR 1-17 y
f/up: 5.8 y

Cost per child screened: $134
Cost per child IAb+: $2436
Cost per participant positive after 
rescreening: $4931

⊕ ⊕ ⊕ ⊖
moderate

Vehik K et al. 
[30]

FDR 3-18 y
f/up: 5 y

Cost for a IAb screen (including all IAb) 
is $70

⊕ ⊕ ⊕ ⊖
moderate

Karl FM et al. 
[56]

General population 1.75–5.99 y
f/up: n.a.

Cost per child screened: $30.8
Cost per child diagnosed with Stage 1 or 
Stage 2 T1D: $9974

⊕ ⊕ ⊕ ⊖
moderate

Note: Quality of evidence: high ⊕ ⊕ ⊕⊕, moderate ⊕ ⊕ ⊕⊖, low ⊕ ⊕ ⊖⊖, very low ⊕ ⊖ ⊖ ⊖.
Abbreviations: f/up, follow-up; FDR, first-degree relative; IAb; islet autoantibody; T1D, type 1 diabetes; y, year/s.

 14645491, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

e.70236 by R
abbone Ivana - C

ochraneItalia , W
iley O

nline L
ibrary on [01/02/2026]. 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



      |  17 of 24FRANCESCHI et al.

of T1D,34 and was inversely correlated with first-phase in-
sulin response (FPIR).34,35

3.1.3  |  Frequency of DKA and meta-analysis

DKA occurred in 3.2% of general population screening pro-
gramme individuals16 compared with 29–31% of those not 
enrolled in such programmes.32,47 In the high-risk/FDR popu-
lation, DKA occurred in 3.3–8% of participants,14,16,32,48,49 with 
differences between studies in part attributable to different 
definitions of DKA used and other population demograph-
ics, as DKA was more common in younger children (15% in 
<2 years old) than in older children (11.3% in <5 years).50

The impact of screening programmes on the frequency 
of DKA at Stage 3 T1D onset was assessed in seven stud-
ies, one divided into two sub-studies based on the chil-
dren's age (<2 years and <5 years).50 The observed risk 
differences ranged from −0.37 to −0.06, with 100% of es-
timates negative. Figure 2 shows the results of the meta-
analysis, and the mean risk difference estimated from the 
random-effects model was −0.23 (95% CI: −0.29 to −0.18), 
with the average outcome differing significantly from zero 
(z = −8.73, p < 0.0001). The true outcomes were heteroge-
neous (Q(9) = 29.146, p < 0.001, tau2 = 0.0047, I2 = 88.8%). 
A 95% prediction interval for the true outcomes was 

−0.3911 to −0.0530, with no evidence of outliers in the 
context of this model (studentized residuals ≤±2.8070), 
and no study was overly influential (according to Cook's 
distances). There was no funnel plot asymmetry (rank 
correlation p = 0.8618 and regression test p = 0.7152). In 
a subgroup meta-analysis considering only studies in the 
general population, the findings were similar: accord-
ing to the Q-test, the true outcomes were heterogeneous 
(Q(5) = 24.9451, p = 0.0001, tau2 = 0.0078, I2 = 92.0%).

No study reported data on morbidity or mortality 
related to DKA at Stage 3 T1D onset. Early diagnosis 
and reduced DKA rates led to a shorter hospitalization 
period at Stage 3 T1D onset in screened (11.4 days, 8.9–
13.8) vs. non-screened individuals (14.9 days, 14.4–15.3. 
p = 0.005).47 Screening programmes were associated with 
lower HbA1c28,32 and BG levels at Stage 3 T1D onset14,32 
and with higher C-peptide levels and reduced insulin 
requirements.28,32 However, this significant benefit on 
HbA1c, BG, C-peptide and insulin regimen was not sus-
tained during the first 5 years following diagnosis.47

3.1.4  |  Impact on psychological outcomes

Seven studies, reported in Table  S3 described the psy-
chological impact of screening.16,51–56 Two studies were 

F I G U R E  2   Forest plot showing the pooled difference in DKA risk in children-adolescents screened for IAbs compared with those not 
screened. Data are reported as median and 95% CI. Measures of heterogeneity: Q(9) = 29.146, p < 0.001, tau2 = 0.0047, I2 = 88.8%.
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conducted in the general population16,53; one included 
the general population and FDR,56 whereas the other 
four included high-risk youths or FDR.51,52,54,55 Parental 
anxiety was assessed in all the studies using 2- to 12-
month questionnaires, and parents' risk perception with 
semi-structured questions. The State–Trait Anxiety 
Inventory (STAI) measure was the most used, and a 
score of >40 was used to define probable clinical levels 
of anxiety.

Parental anxiety was detected in 7–74% of parents, 
and it was higher in parents of children with IAb+ at 
the time of metabolic staging.51–56 Conversely, one study 
compared matched parents and detected no differ-
ences in stress indexes in parents of IAb+ children and 
controls.51

Anxiety appeared to wane over time, as the scores de-
creased after the second visit,54 after 12 months,16 and gen-
erally during follow-up, persisting after 3 years in parents of 
children with multiple persistent IAb+.52,54 Parental anxiety 
was higher in FDR with T1D, in mothers than in fathers, in 
parents of individuals with multiple IAb or persistent IAb, 
and was associated with higher maternal age, lower edu-
cation status,52–55 and accurate parent perceptions of the 
child's T1D.52,53 Monitoring behaviours (such as BG checks) 
increased significantly in parents after IAb+ notification, 
continuing for up to 4 years, especially in mothers and FDR 
families compared with the general population.56

3.2  |  Secondary outcomes: Timings of 
screening and follow-up, modality of 
follow-up, metabolic monitoring and 
prediction of T1D onset

3.2.1  |  Timing of screening

Only one study recommended annual screening start-
ing in early childhood and continuing through early 
adolescence.31 By contrast, the other studies proposed 
IAb screening at specific landmark ages: at 2–3 years, 
shortly after the peak incidence of IAb; at 6 years, 
around the time of school entry; and in early adoles-
cence, after which the risk of developing IAb signifi-
cantly decreases.21,26,33

Risk for developing IAb+
The 5-year risk of developing any or multiple IAb+ by 
screening at landmarked ages was reported only for the 
high-risk/FDR population, and it decreased with age. It 
ranged between 2% and 8% for any IAb+ in individuals 
aged <2 years.21,26,33 At this age, one study reported a fre-
quency of 6.3% for any IAb+ and of 4.3% for multiple IAb+ 

at 7.5 months of age.21 Around 6 years, the frequency of 
IAb+ was 3.2% for any IAb, 1.1% for multiple IAbs21 and 
0.7–0.9% at 10–12.5 years.26,30

Risk for developing Stage 3 T1D
Screening at 2 and 6 years provided a sensitivity of 82% 
and a PPV of 79% for Stage 3 T1D by the age of 15 years57; 
screening at 10 years provided a sensitivity of 90% and a 
PPV of 66% for Stage T1D by the age of 18 years; and dou-
ble screening at 10 and 14 years a sensitivity of 93% and a 
PPV of 55%.23 No single time point captured most cases of 
Stage 3 T1D occurring by 12 years of age. The optimal age 
for a single screening was 4 years due to the highest sen-
sitivity achieved by screening at this age (37.2% of cases 
identified by a single screening visit between 3 and 5 years 
of age; 95% CI 32.0–42.6).21,33 Screening at five or at 8 years 
had a similar median incidence of IAb+ (9.1 and 9.2 per 
1000 person-years),33 whereas, at 11 years, the incidence 
dropped to 5.1 per 1000 person-years.33 For each one-year 
increase in age, the risk of any IAb seroconversion de-
creased by 5%, and most children (75%) seroconverted by 
13 years of age.14,31

3.2.2  |  Timing of follow-up

The timing and methods of follow-up of the screening 
programmes varied. Some authors recommended moni-
toring stage 1 (IAb+) individuals with blood tests every 6 
months and stage 2 (with abnormal BG) individuals every 
three months.14 Other protocols considered age at enrol-
ment <5 years as a risk factor for developing T1D (HR 3.21 
within 5 years of follow-up).45

Age was significantly associated with time from sero-
conversion to onset of multiple and persistent IAbs and 
progression to stage 3 T1D.22 Consequently, metabolic 
monitoring in a few studies was conducted every 3 months 
until the age of four and subsequently every 3–12 months 
until age 15, depending on IAb positivity.21,24,27,42,44,48,56

3.2.3  |  Modality of follow-up, metabolic 
monitoring and prediction of T1D onset

HbA1c, random glucose levels, Oral Glucose Tolerance 
Test (OGTT), Intravenous Glucose Tolerance Test (IVGTT) 
and CGM were used to monitor IAb and dysglycaemia.

IAb positivity: type, level, single/multiple, persistence
IAA was the earliest IAb seen in children with a single 
IAb, with a sharp peak at age nine months24,33 and a de-
cline over the following five years.27,47 High IAA levels 
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were seen in predominantly multiple IAbs and at ages 
<3 years.47 GADA only increased until the second year 
and remained relatively constant.27,50

Children-adolescents with multiple persistent IAbs 
had higher progression to stage 3 T1D (p < 0.0001) com-
pared with youths with non-persistent positivity to >1 IAb 
occurring at different visits.22 Higher IAb titres also pre-
dicted progression to T1D.58

HbA1c, C-peptide
In a few studies, a relative increase of HbA1c ≥10% from 
baseline predicted the risk of progression to T1D,10,49,59 
while HbA1c remained normal in cases of recent-onset 
hyperglycaemia.49 A decrease in C-peptide within 6 
months has been reported to be associated with pro-
gression to T1D, but it can be falsely low.10 The random 
proinsulin/C-peptide ratio, a biomarker of beta-cell func-
tion, was higher in IAb+ individuals, particularly those 
with multiple IAbs,41 and it was an independent predictor 
of the T1D risk and lower Homeostatic Model Assessment 
of Insulin Resistance (HOMA-IR).58

OGTT
A few studies reported baseline data on OGTT in people 
with IAb+. Although some studies did not evaluate the 
relationship between OGTT and progression to Stage 3 
T1D,14,39,40 another study suggested that OGTT results 
predict Stage 3 T1D onset.61 When OGTT was included 
in the follow-up of IAb+, the test was performed every 6 
to 12 months for T1D diagnosis and/or for T1D prediction 
(Table  S4).10,28,37,62 In one study, OGTT was performed 
every two years.48

OGTT diagnosed 30% of children who developed T1D 
aged <3 years, but only 5.7% after 3 years.49 Two-hour 
glucose, peak C-peptide and area under the curve (AUC) 
C-peptide were of prognostic value for five-year risk of 
progression to T1D,16 as well as impaired glucose toler-
ance (IGT), and it was an independent determinant of 
progression to T1D (120′-blood glucose ≥7.8 mmol/L, HR 
3.32).45 OGTT markers (2 h glucose, peak C-peptide and 
AUC C-peptide) significantly improved the prognostic 
accuracy compared with any index alone (p < 0.05).60,61 
Another metabolic marker, derived from OGTT, is Index 
60, a composite measure derived from fasting C-peptide, 
60-min C-peptide and 60-minute glucose levels during the 
OGTT. Youths with an Index 60 ≥2.00 had more typical 
characteristics of T1D than participants with blood glu-
cose at 120′ >11.1 mmol/L and had a four-year cumulative 
T1D risk of 95%.61

Lower early C-peptide response (30–0′, C-peptide dif-
ference) and higher late C-peptide responses (120–60 min) 
were associated with an increased risk of T1D.37,62 Glucose 
response curves changed from biphasic (due to the first 

and second phases of insulin secretion) to monophasic 
to monotonic (continuous increase) during progression 
to T1D.37 IVGTT data of IAb+ youths were reported in 
five studies34,35,45,58 IVGTT improved the prognostic ac-
curacy of 5-year progression to T1D; in particular, lower 
first-phase insulin response (FPIR) (<10th percentile) 
identified youths at T1D risk with high accuracy (five-
year progression rate >80%, HR 2.94),38,45,58 and a greater 
decline in FPIR was seen between 1.5 and 0.5 years before 
diagnosis.35 FPIR and higher HOMA-IR/FPIR were of 
prognostic value for 5-year risk T1D progression.58

CGM
CGM data in IAb+ were evaluated in seven studies,17,63–68 
five of moderate-to-high quality (Table  2).63–67 Duration 
of blinded CGM was 5–10 days; data only at baseline were 
considered in one study68 and every 3–6 months in the oth-
ers.17,63–67 In three studies, the accuracy of CGM metrics to 
predict Stage 3 T1D was compared with OGTT results.65–67

Considering CGM metrics, a higher time spent with 
glucose values >140–160 mg/dL and increased mean glu-
cose and glycaemic variability were found in progressors 
compared with non-progressors.63–65 In a few studies, the 
cut-off of 18% of time above (TA) 140 mg/dL had 75% 
sensitivity, 100% specificity and a 100% PPV for T1D pre-
diction after 25.5 months (median).64 The cut-off of 10% 
of time >140 mg/dL had 88% sensitivity, 91% specificity 
and a 67% PPV for T1D prediction after 1 year.63 A recent 
study detected TA 140 mg/dL >4.3% in rapid progressors 
compared with 1.1% in non-progressors to Stage 3 T1D 
(p < 0.001).66

In one study, a comparison of CGM metrics with 
OGTT results revealed that CGM could help to identify 
individuals likely to rapidly progress to stage 3 T1D, in-
cluding those with normal OGTT.67 In another study, 
multivariable analysis demonstrated that OGTT-derived 
variables were more discriminative than CGM metrics for 
identifying progressors.65 In a recent study, longitudinally 
repeated CGM, only if associated with HbA1c, was nearly 
as effective as OGTT in predicting stage 3 T1D.66

Findings from the 13 studies classified as low- or very  
low-quality evidence are reported in Table S2.10,11,13,43,65,68–75

4   |   DISCUSSION

This systematic review summarizes current evidence on 
the impact and value of IAb screening programmes in the 
general paediatric and high-risk/FDR populations, along 
with evidence-based follow-up modalities (Table 5).

In response to the primary outcome, moderate-to-high-
quality evidence suggests that IAb positivity at the screen-
ing ranges between 0.7 and 23.4%,11–13,18–21 and in people 
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testing positive for multiple IAb, the 10-year risk of pro-
gression to Stage 3 T1D is between 27 and 69.7%.24,39,44 
Early diagnosis of IAb+ provides time to educate fami-
lies on symptoms of T1D onset and avoiding DKA. Meta-
analysis of these results confirmed a 23% average reduction 
in DKA in screened compared with unscreened individu-
als.14,16,32,48,49 Screening in the general population and fol-
low-up to age 18 was estimated to be cost-saving in the USA 
if it reduced the DKA rate by 20% and lifetime HbA1c by 
0.1%,20 whereas cost-effectiveness studies in Europe are 
lacking. On the other side, screening appears to have an 
initial negative impact on psychological outcomes; how-
ever, this anxiety appeared to wane over time, persist-
ing after 3 years in the parents of children with multiple 
persistent IAb+.52 Having a multidisciplinary team that 
includes a psychologist, taking the right time for communi-
cation, education and ensuring the adequate follow-up, are 
fundamental organizational tools to control this outcome.

In response to the secondary outcomes, evidence sug-
gests screening of IAb at landmark ages 2, 6 and 10 years, 
having a higher PPV for T1D.23,57 Metabolic monitoring 
could be performed every 3 months for up to 4 years and 
then every 3–6 months until 15 years, depending on IAb 
positivity (titre, multiple, persistent).21,27,33,42,48,56 The type 
of IAb, titre, single or multiple IAb+, persistence and in-
dividual age predicted progression to T1D.29 Knowing this 

data is important for estimating the organizational and 
economic impact when setting up a screening programme.

IAb and HbA1c monitoring should be integrated with 
OGTT, as in clinical practice, two-hour glucose values 
contribute to the diagnosis of dysglycaemia (IGT), and 
the combination of markers derived from OGTT can im-
prove the prognostic accuracy of progression to T1D and 
the timing of follow-up according to a few studies.16,61 
Children with multiple IAb+ or progressing from one to 
multiple IAb+ should receive follow-up every 3 months 
with HbA1c, fasting BG and annual OGTT and IAb, as 
previously reported in consensus reports.5–10 CGM is now 
commonplace, and it may be useful for assessing risk of 
progression to T1D, including in those who are OGTT 
negative.67 The metric time above (TA) 140 mg/dL for 
more than 10–18% was associated in a few studies with 
a 1–5-year T1D risk.63,64 We expect to see further studies 
on the use of CGM in IAb+, as this technology can eas-
ily be repeated every 3–12 months, and it is cost-effective 
when considering direct and indirect costs. Particularly in 
children under 6 years of age, CGM is certainly better tol-
erated by the child than OGTT and has less organizational 
burden on healthcare systems.

This review is strengthened by focusing on the impact 
of T1D screening in the paediatric age group, the applica-
tion of GRADE to quality-assess the evidence for selecting 

T A B L E  5   Summary of the key findings.

General population High risk/FDR population

Impact of the screening

Frequency of IAb+ 0.7–7.2% 0.9–23.4%

Cumulative risk of progression to Stage 3 T1D

In multiple IAbs+ At 10 y: 59.7%; 18 y: 75.1% At 10 y: 27–69.7%

In single IAb+ At 10 y: 1.2%; 18 y: 22.6% At 10 y: 14.5–26%

Prevalence of Stage 3 T1D in IAb+

At the time of the screening 0.02–0.03% 1%

During f/up 17–53% 3.7–62%

Frequency of DKA at T1D onset 3.2% 3.3–8%

Psychological outcome (parental anxiety) In 7.1% (one study) and declined after 12 m In 34–74.4% and declined 
within 3 y

Modality of f/up

Timings of screening 2, 6 and 10 y

Timing of f/up Every 3 m until the age of 4 y and subsequently
Every 3–12 m until age 15, depending on IAb positivity

Monitoring modalities •	 FBG, IAb, HbA1c and OGTT (every 6–12 m or for decision on insulin initiation, 
disease-modifying therapy, or inclusion in trials)

•	 If possible 7–14 days CGM every 3–12 m
•	 Educate for symptoms and capillary glucose testing
•	 Psychological Support

Abbreviations: CGM, continuous glucose monitoring; DKA, diabetic ketoacidosis; f/up, follow-up; FBG, fasting blood glucose; HbA1c, glycated haemoglobin; 
IAb, islet autoantibody; m, month; OGTT, oral glucose tolerance test; T1D, Type 1 diabetes; y, year.
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the best evidence, and our meta-analysis of the impact of 
autoantibody screening on DKA risk.

However, it is limited by (i) lack of data from non-White 
populations; (ii) the exclusion of screening programmes 
measuring only one IAb, as one IAb+ can commonly per-
sist; the inconsistent testing for IAA, inclusion of the sub-
jective test ICA in some studies; the lack of inclusion of 
ZnT8 antibodies in most studies, thereby underestimating 
the prevalence of screening-detected IAb+; different islet 
autoantibody testing platforms perform differently; (iii) 
only a few current studies on CGM, which were only ap-
plied for 5–10 days. Differences in populations included, 
follow-up modality and duration limited the ability to syn-
thesize data from multiple studies. Thirteen studies also re-
ported sources of bias, so they were classified as low- or very 
low-quality evidence and, therefore, were not included.

In conclusion, this systematic review confirms that 
screening for IAbs and follow-up in the general popula-
tion and FDR/high-risk individuals is valuable because 
it reduces the risk of DKA in mean by 23%. It brings ev-
idence for the recommendations reported in Table  5, in 
terms of timings of screening, timing of follow-up, and 
monitoring modalities. Moreover, screening programmes 
allow participation in trials with C-peptide-preserving 
drugs, a topic outside the aim of this review.

AUTHOR CONTRIBUTIONS
Valentino Cherubini, Roberto Franceschi, Enza Mozzillo, 
Marco Marigliano and Giulio Maltoni conceptualized the 
systematic review/meta-analysis. Valentino Cherubini, 
Roberto Franceschi, Enza Mozzillo, Marco Marigliano, 
Giulio Maltoni, Ernesto Maddaloni and Raffaella Buzzetti 
contributed to the design of the systematic review/meta-
analysis, contributed to the search strategy and drafted 
the manuscript. Luca Bernardini, Federica Ciambrelli, 
Alessandro Fierro, Evelina Maines, Francesca Di Candia, 
Ludovica Fedi, Andrea Scozzarella, Antonio Iannilli, 
Valentina Tiberi, Claudia Piona and Letizia Leonardi con-
ducted data extraction, contributed to Figure 1, Tables and 
Appendices. Riccardo Pertile designed and performed the 
statistical analyses, contributed to Figure 2 and to the graph-
ical abstract. Riccardo Bonfanti, Dario Iafusco, Claudio 
Maffeis, Ivana Rabbone and Carlo Ripoli interpreted the 
data. All authors carefully revised the manuscript and ap-
proved the final version of this paper. Roberto Franceschi, 
Enza Mozzillo and Marco Marigliano had full access to all 
the data in the study and took responsibility for the integ-
rity of the data and the accuracy of the data analysis.

ACKNOWLEDGEMENT
Open access publishing facilitated by Universita degli 
Studi di Verona, as part of the Wiley - CRUI-CARE 
agreement.

FUNDING INFORMATION
We have no role as a funding source to disclose.

CONFLICT OF INTEREST STATEMENT
RF has received travel grants from MOVI and Medtronic. 
EMo has received payment for the Advisory Board from 
Sanofi; support for attending meetings and/or travel 
grants from MOVI, Theras and Abbott; payment for edu-
cational events from Medtronic. Other financial interests 
as research grants from MOVI. MM has received con-
sulting fees from Theras, Novo Nordisk and Ypsomed. 
Payment for educational events from Medtronic. Travel 
grants from MOVI. GM has received consulting fees 
from MOVI and travel grants from MOVI. EMad has 
received consulting fees from PikDare, Eli Lilly, MTD, 
Novo Nordisk, AstraZeneca, Abbott, Guidotti, and travel 
grants from Abbott, Theras and Guidotti. Payment for 
Advisory Board from Abbott, Novo Nordisk and MSD. RA 
has nothing to declare. LB has nothing to declare. RBO 
has nothing to declare. FC has nothing to declare. FDC 
has received payment for Advisory Board from Sanofi. LF 
has nothing to declare. AF has nothing to declare. DI has 
nothing to declare. AI has received a Travel Grant from 
Pfizer. LL has nothing to declare. CM has received grants 
for research projects from Medtronic, MOVI and Sanofi; 
has received consulting fees from Sanofi, Abbott, Eli 
Lilly; travel grants from Sanofi. Has received payment for 
Advisory Board from Sanofi and Abbott. EMai has noth-
ing to declare. RP has nothing to declare. CP has received 
consulting fees from Sanofi and travel grants from MOVI. 
IR has nothing to declare. CR has received consulting 
fees from Theras and travel grants from Medtronic; has 
received payment for Advisory Board from Sanofi. AS 
has nothing to declare. VT has nothing to declare. RB 
has received consulting fees from Eli Lilly, Sanofi, Novo 
Nordisk, AstraZeneca, Abbott and Boehringer Ingelheim. 
Payment for presentation/honoraria from Eli Lilly, Sanofi, 
Novo Nordisk, AstraZeneca, Abbott and Boehringer 
Ingelheim. Travel grants from Novo Nordisk. Payment for 
Advisory Board from Eli Lilly, Sanofi, Abbott and Novo 
Nordisk. VC has received consulting fees from Eli Lilly, 
AstraZeneca, MOVI and Menarini. Payment for presen-
tation/honoraria from Sanofi, Novo Nordisk, Theras and 
Erbozeta. Travel grants from Novo Nordisk, Sanofi and 
Theras. Payment for Advisory Board from Novo Nordisk, 
Sanofi and Theras.

DATA AVAILABILITY STATEMENT
RF, EM and MM have directly accessed and verified 
the data reported in the manuscript. All authors should 
confirm that they had full access to all the data in the 
study and accept responsibility for submitting it for 
publication.

 14645491, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

e.70236 by R
abbone Ivana - C

ochraneItalia , W
iley O

nline L
ibrary on [01/02/2026]. 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



22 of 24  |      FRANCESCHI et al.

CLINICAL TRIAL REGISTRATION
The protocol of this systematic review and meta-analysis 
was registered in PROSPERO on 23 March 2024 with ac-
cession CRD42024523781.

ORCID
Marco Marigliano   https://orcid.
org/0000-0002-3232-8807 
Carlo Ripoli   https://orcid.org/0000-0002-2530-0822 

REFERENCES
	 1.	 Ogle GD, James S, Dabelea D, et al. Global estimates of inci-

dence of type 1 diabetes in children and adolescents: results 
from the international diabetes federation atlas, 10th edition. 
Diabetes Res Clin Pract. 2022;183:109083.

	 2.	 Cherubini V, Chiarelli F. Autoantibody test for type 1 diabe-
tes in children: are there reasons to implement a screening 
program in the general population? A statement endorsed by 
the Italian Society for Paediatric Endocrinology and Diabetes 
(SIEDP-ISPED) and the Italian Society of Paediatrics (SIP). Ital 
J Pediatr. 2023;49(1):87.

	 3.	 Chiarelli F, Rewers M, Phillip M. Screening of islet autoan-
tibodies for children in the general population: a position 
statement endorsed by the European Society for Paediatric 
Endocrinology. Horm Res Paediatr. 2022;95(4):393-396.

	 4.	 Insel RA, Dunne JL, Atkinson MA, et  al. Staging presymp-
tomatic type 1 diabetes: a scientific statement of JDRF, the 
Endocrine Society, and the American Diabetes Association. 
Diabetes Care. 2015;38(10):1964-1974.

	 5.	 Glaser N, Fritsch M, Priyambada L, et al. ISPAD clinical practice 
consensus guidelines 2022: diabetic ketoacidosis and hypergly-
cemic hyperosmolar state. Pediatr Diabetes. 2022;23(7):835-856.

	 6.	 Phillip M, Achenbach P, Addala A, et al. Consensus guidance 
for monitoring individuals with islet autoantibody–positive pre-
stage 3 type 1 diabetes. Diabetes Care. 2024;47(8):1276-1298.

	 7.	 Hendriks AEJ, Marcovecchio ML, Besser REJ, et  al. Clinical 
care advice for monitoring of islet autoantibody positive indi-
viduals with presymptomatic type 1 diabetes. Diabetes Metab 
Res Rev. 2024;40(2):e3777.

	 8.	 Mallone R, Bismuth E, Thivolet C, et al. Screening and care for pre-
clinical stage 1-2 type 1 diabetes in first-degree relatives: French 
expert position statement. Diabetes Metab. 2025;51(1):101603.

	 9.	 Greenbaum CJ. A key to T1D prevention: screening and 
monitoring relatives as part of clinical care. Diabetes. 
2021;70(5):1029-1037.

	10.	 Sims EK, Besser REJ, Dayan C, et al. Screening for type 1 dia-
betes in the general population: a status report and perspective. 
Diabetes. 2022;71(4):610-623.

	11.	 Simmons KM, Youngkin E, Alkanani A, et al. Screening chil-
dren for type 1 diabetes-associated antibodies at community 
health fairs. Pediatr Diabetes. 2019;20(7):909-914.

	12.	 Knip M, Korhonen S, Kulmala P, et  al. Prediction of 
type 1 diabetes in the general population. Diabetes Care. 
2010;33(6):1206-1212.

	13.	 Eising S, Nilsson A, Carstensen B, et al. Danish children born 
with glutamic acid decarboxylase-65 and islet antigen-2 auto-
antibodies at birth had an increased risk to develop type 1 dia-
betes. Eur J Endocrinol. 2011;164(2):247-252.

	14.	 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.

	15.	 Raab J, Haupt F, Scholz M, et al. Capillary blood islet autoanti-
body screening for identifying pre-type 1 diabetes in the general 
population: design and initial results of the Fr1da study. BMJ 
Open. 2016;6(5):e011144.

	16.	 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.

	17.	 Huber E, Singh T, Bunk M, et  al. Discrimination and preci-
sion of continuous glucose monitoring in staging children 
with presymptomatic type 1 diabetes. J Clin Endocrinol Metab. 
2024;16:dgae691.

	18.	 Till AM, Kenk H, Rjasanowski I, et  al. Autoantibody-defined 
risk for type 1 diabetes mellitus in a general population of 
schoolchildren: results of the Karlsburg type 1 diabetes risk 
study after 18 years. Diabet Med. 2015;32(8):1008-1016.

	19.	 Gullstrand C, Wahlberg J, Ilonen J, Vaarala O, Ludvigsson J. 
Progression to type 1 diabetes and autoantibody positivity in 
relation to HLA-risk genotypes in children participating in the 
ABIS study. Pediatr Diabetes. 2008;9(3pt1):182-190.

	20.	 McQueen RB, Rasmussen CG, Waugh K, et al. Cost and cost-
effectiveness of large-scale screening for type 1 diabetes in 
Colorado. Diabetes Care. 2020;43(7):1496-1503.

	21.	 Bonifacio E, Weiss A, Winkler C, et al. An age-related exponen-
tial decline in the risk of multiple islet autoantibody seroconver-
sion during childhood. Diabetes Care. 2021;44(10):2260-2268.

	22.	 Frohnert BI, Ghalwash M, Li Y, et al. Refining the definition 
of stage 1 type 1 diabetes: an ontology-driven analysis of the 
heterogeneity of multiple islet autoimmunity. Diabetes Care. 
2023;46(10):1753.

	23.	 Ghalwash M, Anand V, Lou OLV, 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):261-268.

	24.	 Giannopoulou EZ, Winkler C, Chmiel R, et al. Islet autoanti-
body phenotypes and incidence in children at increased risk for 
type 1 diabetes. Diabetologia. 2015;58(10):2317-2323.

	25.	 Helminen O, Pokka T, Aspholm S, et al. Early glucose metabo-
lism in children at risk for type 1 diabetes based on islet autoan-
tibodies compared to low-risk control groups. Front Endocrinol 
(Lausanne). 2022;13:972714.

	26.	 Hoffmann VS, Weiss A, Winkler C, et al. Landmark models to 
define the age-adjusted risk of developing stage 1 type 1 diabe-
tes across childhood and adolescence. BMC Med. 2019;17:1-8.

	27.	 Krischer JP, Lynch KF, Schatz DA, et al. The 6 year incidence 
of diabetes-associated autoantibodies in genetically at-risk chil-
dren: the TEDDY study. Diabetologia. 2015;58(5):980-987.

	28.	 Mahon JL, Sosenko JM, Rafkin-Mervis L, et  al. The TrialNet 
natural history study of the development of type 1 diabe-
tes: objectives, design, and initial results. Pediatr Diabetes. 
2009;10(2):97-104.

	29.	 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.

	30.	 Vehik K, Beam CA, Mahon JL, et al. Development of autoan-
tibodies in the TrialNet natural history study. Diabetes Care. 
2011;34(9):1897-1901.

 14645491, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

e.70236 by R
abbone Ivana - C

ochraneItalia , W
iley O

nline L
ibrary on [01/02/2026]. 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://orcid.org/0000-0002-3232-8807
https://orcid.org/0000-0002-3232-8807
https://orcid.org/0000-0002-3232-8807
https://orcid.org/0000-0002-2530-0822
https://orcid.org/0000-0002-2530-0822


      |  23 of 24FRANCESCHI et al.

	31.	 Vehik K, Haller MJ, Beam CA, et  al. Islet autoantibody sero-
conversion in the DPT-1 study justification for repeat screening 
throughout childhood. Diabetes Care. 2011;34(2):358-362.

	32.	 Wentworth JM, Oakey H, Craig ME, et al. Decreased occurrence 
of ketoacidosis and preservation of beta cell function in rela-
tives screened and monitored for type 1 diabetes in Australia 
and New Zealand. Pediatr Diabetes. 2022;23(8):1594-1601.

	33.	 Ziegler AG, Bonifacio E, Grp B-BS. Age-related islet autoan-
tibody incidence in offspring of patients with type 1 diabetes. 
Diabetologia. 2012;55(7):1937-1943.

	34.	 Koskinen MK, Lempainen J, Löyttyniemi E, et  al. Class II 
HLA genotype association with first-phase insulin response 
is explained by islet autoantibodies. J Clin Endocrinol Metab. 
2018;103(8):2870-2878.

	35.	 Sosenko JM, Skyler JS, Beam CA, et al. Acceleration of the loss 
of the first-phase insulin response during the progression to 
type 1 diabetes in diabetes prevention trial-type 1 participants. 
Diabetes. 2013;62(12):4179-4183.

	36.	 Helminen O, Aspholm S, Pokka T, et  al. OGTT and random 
plasma glucose in the prediction of type 1 diabetes and time to 
diagnosis. Diabetologia. 2015;58(8):1787-1796.

	37.	 Ismail HM, Becker DJ, Libman I, et al. Early and late C-peptide 
responses during oral glucose tolerance testing are oppositely 
predictive of type 1 diabetes in autoantibody-positive individu-
als. Diabetes Obes Metab. 2020;22(6):997-1000.

	38.	 Koskinen MK, Helminen O, Matomäki J, et al. Reduced β-cell 
function in early preclinical type 1 diabetes. Eur J Endocrinol. 
2016;174(3):251-259.

	39.	 O'Rourke C, Ylescupidez A, Bahnson HT, et al. Risk modeling 
to reduce monitoring of an autoantibody-positive population 
to prevent DKA at type 1 diabetes diagnosis. J Clin Endocrinol 
Metab. 2023;108(3):688-696.

	40.	 So M, O'Rourke C, Bahnson HT, Greenbaum CJ, Speake 
C. Autoantibody reversion: changing risk categories in 
multiple-autoantibody–positive individuals. Diabetes Care. 
2020;43(4):913-917.

	41.	 Truyen I, Pauw P, Jorgensen PN, et  al. Proinsulin levels and 
the proinsulin:C-peptide ratio complement autoantibody 
measurement for predicting type 1 diabetes. Diabetologia. 
2005;48(11):2322-2329.

	42.	 Vehik K, Lynch KF, Schatz DA, et  al. Reversion of β-cell au-
toimmunity changes risk of type 1 diabetes: TEDDY study. 
Diabetes Care. 2016;39(9):1535-1542.

	43.	 Xu P, Beam CA, Cuthbertson D, et al. Prognostic accuracy of 
immunologic and metabolic markers for type 1 diabetes in a 
high-risk population receiver operating characteristic analysis. 
Diabetes Care. 2012;35(10):1975-1980.

	44.	 Ziegler AG, Rewers M, Simell O, et al. Seroconversion to mul-
tiple islet autoantibodies and risk of progression to diabetes in 
children. JAMA. 2013;309(23):2473-2479.

	45.	 Group ENDIT, Bingley P, Gale E. Progression to type 1 dia-
betes in islet cell antibody-positive relatives in the European 
nicotinamide diabetes intervention trial: the role of additional 
immune, genetic and metabolic markers of risk. Diabetologia. 
2006;49:881-890.

	46.	 Kwon BC, Achenbach P, Anand V, et  al. Islet autoanti-
body levels differentiate progression trajectories in indi-
viduals with Presymptomatic type 1 diabetes. Diabetes. 
2022;71(12):2632-2641.

	47.	 Winkler C, Schober E, Ziegler AG, Holl RW. Markedly re-
duced rate of diabetic ketoacidosis at onset of type 1 diabetes 
in relatives screened for islet autoantibodies. Pediatr Diabetes. 
2012;13(4):301-306.

	48.	 Elding Larsson H, Vehik K, Gesualdo P, et al. Children followed 
in the TEDDY study are diagnosed with type 1 diabetes at an 
early stage of disease. Pediatr Diabetes. 2014;15(2):118-126.

	49.	 Triolo TM, Chase HP, Barker JM, Group D-S. Diabetic subjects 
diagnosed through the diabetes prevention trial–type 1 (DPT-
1) are often asymptomatic with normal A1C at diabetes onset. 
Diabetes Care. 2009;32(5):769-773.

	50.	 Elding Larsson H, Vehik K, Bell R, et al. Reduced prevalence 
of diabetic ketoacidosis at diagnosis of type 1 diabetes in young 
children participating in longitudinal follow-up. Diabetes Care. 
2011;34(11):2347-2352.

	51.	 Goldstein E, Hermann R, Renfors TJ, et  al. From genetic 
risk awareness to overt type 1 diabetes parental stress 
in a placebo-controlled prevention trial. Diabetes Care. 
2009;32(12):2181-2183.

	52.	 Johnson SB, Lynch KF, Roth R, Schatz D, Grp TS. My child is 
islet autoantibody positive: impact on parental anxiety. Diabetes 
Care. 2017;40(9):1167-1172.

	53.	 Melin J, Maziarz M, Aronsson CA, Lundgren M, Larsson HE. 
Parental anxiety after 5 years of participation in a longitudi-
nal study of children at high risk of type 1 diabetes. Pediatr 
Diabetes. 2020;21(5):878-889.

	54.	 O'Donnell HK, Rasmussen CG, Dong F, et  al. Anxiety and 
risk perception in parents of children identified by popula-
tion screening as high risk for type 1 diabetes. Diabetes Care. 
2023;46(12):2155-2161.

	55.	 Roth R, Lynch K, Lernmark B, et al. Maternal anxiety about a 
child's diabetes risk in the TEDDY study: the potential role of 
life stress, postpartum depression, and risk perception. Pediatr 
Diabetes. 2015;16(4):287-298.

	56.	 Smith LB, Lynch KF, Driscoll KA, Johnson SB, Group TS. 
Parental monitoring for type 1 diabetes in genetically at-
risk young children: the TEDDY study. Pediatr Diabetes. 
2021;22(5):717-728.

	57.	 Ghalwash M, Dunne JL, Lundgren M, et  al. Two-age islet-
autoantibody screening for childhood type 1 diabetes: 
a prospective cohort study. Lancet Diabetes Endocrinol. 
2022;10(8):589-596.

	58.	 Siljander HT, Hermann R, Hekkala A, et al. Insulin secretion 
and sensitivity in the prediction of type 1 diabetes in chil-
dren with advanced β-cell autoimmunity. Eur J Endocrinol. 
2013;169(4):479-485.

	59.	 Vehik K, Boulware D, Killian M, et al. Rising hemoglobin A1c 
in the nondiabetic range predicts progression of type 1 dia-
betes As well As Oral glucose tolerance tests. Diabetes Care. 
2022;45(10):2342-2349.

	60.	 Xu P, Krischer JP, Group TDTS. Prognostic classification factors 
associated with development of multiple autoantibodies, dys-
glycemia, and type 1 diabetes—a recursive partitioning analy-
sis. Diabetes Care. 2016;39(6):1036-1044.

	61.	 Redondo MJ, Nathan BM, Jacobsen LM, et  al. Index60 as an 
additional diagnostic criterion for type 1 diabetes. Diabetologia. 
2021;64(4):836-844.

	62.	 Ismail HM, Cleves MA, Xu P, et al. The pathological evolution 
of glucose response curves during the progression to type 1 

 14645491, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

e.70236 by R
abbone Ivana - C

ochraneItalia , W
iley O

nline L
ibrary on [01/02/2026]. 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



24 of 24  |      FRANCESCHI et al.

diabetes in the TrialNet pathway to prevention study. Diabetes 
Care. 2020;43(11):2668-2674.

	63.	 Steck A, Dong F, Rasmussen CG, et al. CGM metrics predict im-
minent progression to type 1 diabetes: autoimmunity screening 
for kids (ASK) study. Diabetes Care. 2022;45(2):365-371.

	64.	 Steck AK, Dong F, Taki I, et al. Continuous glucose monitoring 
predicts progression to diabetes in autoantibody positive chil-
dren. J Clin Endocrinol Metab. 2019;104(8):3337-3344.

	65.	 Ylescupidez A, Speake C, Pietropaolo SL, et  al. OGTT met-
rics surpass continuous glucose monitoring data for T1D pre-
diction in multiple-autoantibody–positive individuals. J Clin 
Endocrinol Metab. 2024;109(1):57-67.

	66.	 Desouter AK, Keymeulen B, Van de Velde U, et  al. Repeated 
OGTT versus continuous glucose monitoring for predicting de-
velopment of stage 3 type 1 diabetes: a longitudinal analysis. 
Diabetes Care. 2025;48(4):528-536.

	67.	 Wilson DM, Pietropaolo SL, Acevedo-Calado M, et  al. CGM 
metrics identify Dysglycemic states in participants from 
the TrialNet pathway to prevention study. Diabetes Care. 
2023;46(3):526-534.

	68.	 Montaser E, Breton MD, Brown SA, DeBoer MD, Kovatchev B, 
Farhy LS. Predicting immunological risk for stage 1 and stage 2 
diabetes using a 1-week CGM home test, nocturnal glucose in-
crements, and standardized liquid mixed meal breakfasts, with 
classification enhanced by machine learning. Diabetes Technol 
Ther. 2023;25(9):631-642.

	69.	 Åkerman L, Ludvigsson J, Swartling U, Casas R. Characteristics 
of the pre-diabetic period in children with high risk of type 1 
diabetes recruited from the general Swedish population—the 
ABIS study. Diabetes Metab Res Rev. 2017;33(6):e2900.

	70.	 Andersson C, Carlsson A, Cilio C, et  al. Glucose tolerance 
and beta-cell function in islet autoantibody-positive children 
recruited to a secondary prevention study. Pediatr Diabetes. 
2013;14(5):341-349.

	71.	 Liu Y, Rafkin L, Matheson D, et al. Use of self-collected cap-
illary blood samples for islet autoantibody screening in rel-
atives: a feasibility and acceptability study. Diabet Med. 
2017;34(7):934-937.

	72.	 Martinez MM, Salami F, Larsson HE, et  al. Beta cell func-
tion in participants with single or multiple islet autoantibod-
ies at baseline in the TEDDY family prevention study: TEFA. 
Endocrinology Diabetes & Metabolism. 2021;4(2):e00198.

	73.	 Steck AK, Dong F, Frohnert BI, et al. Predicting progression to 
diabetes in islet autoantibody positive children. J Autoimmun. 
2018;90:59-63.

	74.	 Stene LC, Barriga K, Hoffman M, et al. Normal but increasing 
hemoglobin A1c levels predict progression from islet autoim-
munity to overt type 1 diabetes: diabetes autoimmunity study 
in the young (DAISY). Pediatr Diabetes. 2006;7(5):247-253.

	75.	 Warncke K, Weiss A, Achenbach P, et al. Elevations in blood 
glucose before and after the appearance of islet autoantibodies 
in children. J Clin Invest. 2022;132(20):e162123.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Franceschi R, Mozzillo 
E, Marigliano M, et al. Impact of screening 
programmes for type 1 diabetes in youth: A 
systematic review and meta-analysis. Diabet Med. 
2026;00:e70236. doi:10.1111/dme.70236

 14645491, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

e.70236 by R
abbone Ivana - C

ochraneItalia , W
iley O

nline L
ibrary on [01/02/2026]. 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/10.1111/dme.70236

	Impact of screening programmes for type 1 diabetes in youth: A systematic review and meta-analysis
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Search strategy
	2.2  |  Criteria for study selection, outcomes and measures of effect
	2.3  |  Risk of bias (quality) assessment
	2.4  |  Data synthesis strategy

	3  |  RESULTS
	3.1  |  Primary outcome: Impact of screening on the frequency of IAb+, T1D, DKA at T1D onset and psychological outcomes
	3.1.1  |  IAb positivity
	3.1.2  |  Diagnosis of stage 3 T1D through screening and progression during follow-up
	3.1.3  |  Frequency of DKA and meta-analysis
	3.1.4  |  Impact on psychological outcomes

	3.2  |  Secondary outcomes: Timings of screening and follow-up, modality of follow-up, metabolic monitoring and prediction of T1D onset
	3.2.1  |  Timing of screening
	Risk for developing IAb+
	Risk for developing Stage 3 T1D

	3.2.2  |  Timing of follow-up
	3.2.3  |  Modality of follow-up, metabolic monitoring and prediction of T1D onset
	IAb positivity: type, level, single/multiple, persistence
	HbA1c, C-peptide
	OGTT
	CGM



	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	CLINICAL TRIAL REGISTRATION
	ORCID
	REFERENCES


