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IMPORTANCE Public health screening for type 1 diabetes in its presymptomatic stages may
reduce disease severity and burden on a population level.

OBJECTIVE To determine the prevalence of presymptomatic type 1 diabetes in children
participating in a public health screening program for islet autoantibodies and the risk for
progression to clinical diabetes.

DESIGN, SETTING, AND PARTICIPANTS Screening for islet autoantibodies was offered to
children aged 1.75 to 5.99 years in Bavaria, Germany, between 2015 and 2019 by primary care
pediatricians during well-baby visits. Families of children with multiple islet autoantibodies
(presymptomatic type 1 diabetes) were invited to participate in a program of diabetes
education, metabolic staging, assessment of psychological stress associated with diagnosis,
and prospective follow-up for progression to clinical diabetes until July 31, 2019.

EXPOSURES Measurement of islet autoantibodies.

MAIN OUTCOMES AND MEASURES The primary outcome was presymptomatic type 1 diabetes,
defined by 2 or more islet autoantibodies, with categorization into stages 1 (normoglycemia),
2 (dysglycemia), or 3 (clinical) type 1 diabetes. Secondary outcomes were the frequency of
diabetic ketoacidosis and parental psychological stress, assessed by the Patient Health
Questionnaire-9 (range, 0-27; higher scores indicate worse depression; �4 indicates no to
minimal depression; >20 indicates severe depression).

RESULTS Of 90 632 children screened (median [interquartile range {IQR}] age, 3.1 [2.1-4.2]
years; 48.5% girls), 280 (0.31%; 95% CI, 0.27-0.35) had presymptomatic type 1 diabetes,
including 196 (0.22%) with stage 1, 17 (0.02%) with stage 2, 26 (0.03%) with stage 3,
and 41 who were not staged. After a median (IQR) follow-up of 2.4 (1.0-3.2) years,
another 36 children developed stage 3 type 1 diabetes. The 3-year cumulative risk
for stage 3 type 1 diabetes in the 280 children with presymptomatic type 1 diabetes was
24.9% ([95% CI, 18.5%-30.7%]; 54 cases; annualized rate, 9.0%). Two children had diabetic
ketoacidosis. Median (IQR) psychological stress scores were significantly increased at the
time of metabolic staging in mothers of children with presymptomatic type 1 diabetes (3 [1-7])
compared with mothers of children without islet autoantibodies (2 [1-4]) (P = .002),
but declined after 12 months of follow-up (2 [0-4]) (P < .001).

CONCLUSIONS AND RELEVANCE Among children aged 2 to 5 years in Bavaria, Germany,
a program of primary care–based screening showed an islet autoantibody prevalence of
0.31%. These findings may inform considerations of population-based screening of children
for islet autoantibodies.
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T he identification of patients with a disease prior to its
clinical manifestation provides opportunities for pre-
vention and for counseling and preparation of indi-

viduals for the changes that arise with the disease. Type 1
diabetes in children is diagnosed following the onset of
symptoms, including acutely elevated blood glucose concen-
trations and potentially life-threatening complications.1 Dia-
betic ketoacidosis is observed in more than 20% of children
at the onset of type 1 diabetes2 and may be severe or even
fatal in undiagnosed or misdiagnosed patients.3 Therefore,
the possibility of diagnosing type 1 diabetes at an early dis-
ease stage could reduce morbidity.4,5

The preclinical period in patients who develop type 1 dia-
betes is characterized by the presence of autoantibodies
against pancreatic islet cells. Most children with autoantibod-
ies against 2 or more major islet autoantigens will develop
overt diabetes,6 and the additional assessment of pancreatic
islet β cell function enables the staging and stratification of
the asymptomatic phase prior to clinical disease onset.7,8

These prognostic features of islet autoantibodies are used to
recruit individuals to prevention trials and as early outcome
markers in cohort studies and primary prevention trials.9-11

However, these uses are largely restricted to individuals with
increased genetic risk, who represent a minority of future
patients. The Fr1da study assessed the prevalence of pre-
symptomatic type 1 diabetes in children participating in a
public health screening program for islet autoantibodies, the
risk for progression to clinical diabetes and diabetic ketoaci-
dosis, and parental psychological stress.

Methods
Study Design
This study was approved by the institutional review board
at Technical University Munich. From February 2015 to
May 2019, children in Bavaria, Germany, aged 1.75 to 5.99
years without a previous diagnosis of diabetes were offered
screening for multiple islet autoantibodies by primary care
pediatricians in the context of well-baby visits (eFigure 1 in
the Supplement). Participation by pediatricians and children
was voluntary. Written informed consent was obtained from
the children’s parents or legal guardians. The study design
has been published.12

Capillary blood samples were collected by pediatricians
and sent to the central laboratory for measurement of islet
autoantibodies. Demographic data of the participating chil-
dren (date of birth, sex, weight, height, date of blood collec-
tion, first-degree family history of type 1 diabetes) were col-
lected using a questionnaire at the visit. If the screening
sample was positive for multiple autoantibodies, the pedia-
trician was alerted and a confirmation venous blood sample
was requested. At this second visit, the pediatrician often
performed a random blood glucose measurement. If mul-
tiple islet autoantibodies were confirmed, the family was
informed by the pediatrician. Families of children with pre-
symptomatic type 1 diabetes were invited to participate in
metabolic staging and an educational program at a pediatric

diabetes clinic close to their residence. Depending on the
staging outcome, a monitoring plan for future visits at 2- to
6-month intervals was implemented.12,13 Follow-up contin-
ued until July 31, 2019. Children with stage 1 type 1 diabetes
(≥2 islet autoantibodies and normal glucose tolerance) were
asked to participate in an intervention study (NCT02620072)
with 1:1 randomization to receive either 12 months of treatment
with oral insulin or placebo.

A control cohort was established from a sample of chil-
dren whose screening test results were negative for islet
autoantibodies between December 2015 and March 2018
and were living in the Munich area. In addition, children
from the DiMelli study14 without prior screening for islet
autoantibodies who were diagnosed with type 1 diabetes in
the same pediatric clinics between February 2015 and Feb-
ruary 2018 were included for the assessment of parental
psychological stress.

Assessments
Islet autoantibodies were measured using a stepwise
approach.12 First-line screening was performed with a sensi-
tive enzyme-linked immunosorbent assay (3 Screen; RSR Ltd)
to detect glutamic acid decarboxylase autoantibodies
(GADAs), islet antigen 2 autoantibodies (IA-2As), and zinc
transporter 8 autoantibodies (ZnT8As) in serum prepared
from capillary blood.15 Screening samples positive for islet
autoantibodies (>25 units/mL; 98th percentile of children
samples) and confirmation venous blood samples were mea-
sured for GADAs, IA-2As, ZnT8As, and insulin autoantibodies
(IAAs) using reference radiobinding assays.16-18 Oral glucose
tolerance tests (OGTTs) were performed for staging using
a glucose load containing the equivalent of 1.75 g/kg up to a
maximum of 75 g anhydrous glucose dissolved in water.8

Blood gas analysis (pH) was performed to detect ketoacidosis
in children diagnosed with clinical stage 3 type 1 diabetes.
Genotyping on 46 single nucleotide polymorphisms was
performed to calculate a genetic risk score19 if consent for
ancillary research was provided. Psychological stress in
parents/guardians was measured at the time of metabolic
staging and at 6 and 12 months after presymptomatic di-
agnosis with the Patient Health Questionnaire-9 (PHQ-9;

Key Points
Question What is the yield of primary care–based screening of
children for islet autoantibodies?

Findings In a program that screened 90 632 children aged 2 to 5
years in Bavaria, Germany, during primary care visits, 280 children
(0.31%) had 2 or more islet autoantibodies, among whom 62
developed clinical type 1 diabetes and 2 had mild or moderate
diabetic ketoacidosis. Mothers of children with presymptomatic
type 1 diabetes reported more symptoms of depression at
diagnosis than mothers of children without islet autoantibodies
(median psychological stress score of 3 vs 2).

Meaning These findings may inform considerations of
population-based screening of children for islet autoantibodies.
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range, 0 [best] to 27 [worst]; scores ≤4 were interpreted as no
to minimal depression and >20 as severe depression).20

Outcome Definitions
The primary outcome was presymptomatic type 1 diabetes,
defined as positive for 2 or more islet autoantibodies (IAA,
GADA, IA-2A, ZnT8A) in both the screening and confirmation
samples or in the screening sample plus a diagnosis of diabe-
tes prior to obtaining the second sample. Presymptomatic
type 1 diabetes was classified as stage 1, 2, or 3, as previously
advocated.7,8 Stage 1 type 1 diabetes was defined as 2 or more
islet autoantibodies and normal glucose tolerance based on
OGTT results. Stage 2 was defined as 2 or more islet autoanti-
bodies accompanied by dysglycemia (fasting plasma glucose
of 110-125 mg/dL or impaired 2-hour plasma glucose of 140-
199 mg/dL and/or plasma glucose ≥200 mg/dL at intermedi-
ate time points [30, 60, 90 minutes]) based on OGTT results.8

Stage 3 type 1 diabetes was defined by the following Ameri-
can Diabetes Association criteria: fasting plasma glucose at
least 126 mg/dL or a 2-hour plasma glucose of at least 200
mg/dL based on OGTT results or hemoglobin A1C greater than
6.5% or, in children with classic symptoms of hyperglycemia,
a random plasma glucose at least 200 mg/dL (in the absence
of unequivocal hyperglycemia, the first 3 criteria required
confirmation by repeat testing).8 Stages 1 and 2 were diag-
nosed at clinical referral centers and stage 3 was diagnosed at
referral centers or by the local pediatrician. Families of chil-
dren who withdrew from the study or refused to allow
OGTTs were contacted by telephone and asked if the child
had developed diabetes. If participants were lost to follow-
up, the local DiMelli register cohort study14 was used to
obtain information on diabetes development of former study
participants. Secondary outcomes of the study were the fre-
quency of diabetic ketoacidosis and an assessment of paren-
tal psychological stress associated with a diagnosis of pre-
symptomatic type 1 diabetes.

Statistical Analysis
Data were analyzed using SAS version 9.4 (SAS Institute) and
R version 3.5.3 (R Foundation), using the survival and sur-
vminer packages. Prior to analysis, the body mass index
(BMI) was transformed to a standardized BMI based on SD
scores using World Health Organization reference values.21

Standardized BMI values less than −5 or greater than 5 were
deemed implausible and were excluded. Overweight was
defined as standardized BMI of 1 to 2 and obesity as BMI
greater than 2, according to World Health Organization rec-
ommendations. Data were considered missing at random
after examining relative frequency between categories of all
analyzed variables and performing sensitivity analyses
excluding subgroups with the highest proportion of missing
values. Variables with missing values in more than 10% of
children were imputed using regression predictions for deter-
ministic imputation.22 For all other variables, missing values
were not included in analyses.

Frequencies and relative risks (RRs) were calculated and
are presented with 95% CIs. Exploratory bivariable analyses
were performed using Pearson χ2 tests or Fisher exact tests to

identify factors associated with increased RR for presympto-
matic type 1 diabetes. Factors with significantly increased RR
were tested in a multivariable generalized regression model
adjusted for sex. At a prevalence of 0.3%, the study had 80%
power to detect an uncorrected significant association at RRs
greater than 2.5 for presymptomatic type 1 diabetes for cat-
egorical variables with frequencies between 3.4% and 96.6%
(obesity), greater than 2.0 for variables with frequencies be-
tween 7% and 93% (region), and greater than 1.5 for variables
with frequencies between 23% and 77%.

Progression to higher stages of type 1 diabetes was ana-
lyzed using Kaplan-Meier plots. The time to event was calcu-
lated from the age of screening to the age at diagnosis of
stage 3 type 1 diabetes or the age at last follow-up. Time-to-
event analyses were also used to examine progression from
stage 1 to stage 3 and from stage 2 to stage 3 and, in these
instances, follow-up was calculated from the age of meta-
bolic staging. Associations between risk of progression to
higher stages of type 1 diabetes and variables were analyzed
using bivariable Cox proportional hazards regression models.
A sensitivity analysis that excluded the 98 children who par-
ticipated in the intervention study was performed using a
bivariable Cox proportional hazards regression model. The
proportional hazards assumption was tested using the
Schoenfeld residuals method and no violation was detected.
The area under the curve of the OGTT results was calculated
as previously described.23 Genetic risk scores, area under the
curve of OGTT results, and 60-minute OGTT results were cat-
egorized in tertiles. PHQ-9 psychological scores were com-
pared between groups using the Mann-Whitney U test or
Wilcoxon signed rank test. No adjustment was made for mul-
tiple comparisons, so analyses should be interpreted as
exploratory. Two-sided P values less than .05 were consid-
ered statistically significant.

Results
A total of 682 of 1027 (66.4%) primary care pediatricians in
Bavaria enrolled 90 632 children (median [interquartile range
{IQR}] age, 3.1 [2.1-4.2] years; 48.5% girls) in the study (Table
and Figure 1). Approximately 420 000 eligible children aged
1.75 to 5.99 years lived in the respective area during the study
period. Compared with a Bavarian preschool population sur-
vey of 108 637 children in 2014 to 2015,24 the children in this
study were not significantly different in the frequency of
boys (51.5% vs 51.3%) or obesity (3.2% vs 3.1%), as defined by
German reference values. Sufficient blood for screening was
collected from 90 205 children (99.5%; Figure 1).

Prevalence of Presymptomatic Type 1 Diabetes
In total, 280 of 90 632 (0.31% [95% CI, 0.27-0.35]) children
were diagnosed with presymptomatic type 1 diabetes. This
included 19 children whose screening sample results were
positive for 2 or more islet autoantibodies and were diag-
nosed with stage 3 type 1 diabetes by the pediatrician before
collection of the second blood sample. There were 120 chil-
dren with 2 antibodies, 91 with 3 antibodies, and 69 with 4
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antibodies (eTable 1 in the Supplement). The median (IQR)
genetic risk score in 188 of 280 children (67%) was 12.9 (11.7-
13.9). Thirteen children had screening sample results posi-
tive for islet antibodies but did not provide a second sample
to complete the diagnosis. The other 89 912 children had
screening sample results negative for multiple islet autoan-
tibodies. Of those children with screening sample results
negative for islet autoantibodies, 160 (median [IQR] age, 4.6
[3.3-5.6] years; 78 [48.8%] girls) were included in the study
as control individuals.

The unadjusted associations with presymptomatic type 1
diabetes are presented in eFigure 2 in the Supplement and
the adjusted associations are shown in Figure 2. The adjusted
RR for presymptomatic type 1 diabetes was greater in chil-
dren with a first-degree relative with type 1 diabetes (RR, 3.69
[95% CI, 2.51-5.24]; P < .001), in obese children (RR, 1.77
[95% CI, 1.08-2.71]; P = .01), in children aged 4.00 to 4.99
years (RR, 1.50 [95% CI, 1.07-2.11]; P = .02), and in children
aged 5.00 to 5.99 years (RR, 1.86 [95% CI, 1.37-2.53]; P < .001)
(Figure 2). There were no differences in the prevalence of
presymptomatic type 1 diabetes between girls and boys or
between the 7 regions of Bavaria.

Staging and Follow-up of Children With Presymptomatic
Type 1 Diabetes
A total of 220 of 261 children (84.3%) with presymptomatic
type 1 diabetes who had not already been diagnosed with

stage 3 type 1 diabetes participated in metabolic staging, the
diabetes education program, and follow-up at clinical referral
centers. After staging, 196 of 90 632 children (0.22%) were
diagnosed with stage 1 type 1 diabetes, 17 of 90 632 (0.02%)
with stage 2 type 1 diabetes, and 26 of 90 632 (0.03%) with
stage 3 type 1 diabetes (Figure 1). Another 36 children pro-
gressed to stage 3 and 25 progressed to stage 2 during
follow-up (median [IQR] follow-up time of all children with
presymptomatic type 1 diabetes, 2.4 [1.0-3.2] years). Stage 2
was detected prior to the diagnosis of stage 3 in 12 of these 36
children. Of the 196 children with stage 1 type 1 diabetes at
the time of metabolic staging, 98 (50%) participated in the
mechanistic intervention study.

The cumulative risk of developing stage 3 type 1 diabetes
for the 280 children with presymptomatic type 1 diabetes
was 24.9% (95% CI, 18.5%-30.7%; 54 cases) over 3 years of
follow-up, with an annualized risk of 9.0% (Figure 3A and
eFigure 3 in the Supplement). There was a significantly
greater risk associated with children who had 4 autoantibod-
ies vs 2 autoantibodies (hazard ratio [HR], 1.85 [95% CI, 1.03-
3.32]; P = .04) and with children whose screening results
were positive for IA-2A (HR, 3.4 [95% CI, 1.81-6.39]; P < .001),
and a significantly lower risk associated with children whose
screening results were positive for GADA (HR, 0.43; [95% CI,
0.25-0.75]; P = .003; Figure 3B). The lower risk associated
with GADA was observed in children with 2 autoantibodies
and 3 autoantibodies (eFigure 4 in the Supplement). Sex, age,

Table. Description of the Study Population of a Public Health Screening of Children for Islet Autoantibodies
in Bavaria, Germany (N = 90 632)

Category No. (%)

Presymptomatic Type 1 Diabetes

No. % (95% CI)

Sex (n = 88 214)

Female 42 815 (48.5) 127 0.30 (0.25-0.35)

Male 45 399 (51.5) 153 0.34 (0.29-0.40)

Age (n = 90 388)

<3 36 900 (40.8) 82 0.22 (0.18-0.28)

3-3.99 20 909 (23.1) 57 0.27 (0.21-0.36)

4-4.99 15 153 (16.8) 63 0.42 (0.32-0.54)

5-5.99 17 426 (19.3) 78 0.45 (0.36-0.56)

First-degree relative
with type 1 diabetes

(n = 88 253)

Yes 3004 (3.4) 32 1.07 (0.74-1.52)

No 85 249 (96.6) 248 0.29 (0.26-0.33)

BMIa (n = 87 766)

Normal 72 216 (82.3) 226 0.31 (0.27-0.36)

Overweight 11 968 (13.6) 35 0.29 (0.21-0.41)

Obese 3582 (4.1) 19 0.54 (0.33-0.85)

Regionb (n = 90 632)

Lower Bavaria 4648 (5.1) 12 0.26 (0.14-0.46)

Upper Bavaria 36 139 (39.9) 108 0.30 (0.25-0.36)

Swabia 13 836 (15.3) 54 0.39 (0.30-0.51)

Upper Palatinate 6365 (7.0) 18 0.28 (0.17-0.46)

Middle Franconia 15 627 (17.2) 45 0.29 (0.21-0.39)

Upper Franconia 7018 (7.7) 25 0.36 (0.24-0.53)

Lower Franconia 6999 (7.7) 18 0.26 (0.16-0.41)

a Standardized body mass index
(BMI) was calculated using
the World Health Organization
Child Growth Standards based
on height and weight and age.21

The 3 central parameters for the
calculation are the Box-Cox power
transformation (L), the median (M),
and the variation coefficient (S).
The formula for calculation is
[(BMI/M)L − 1] / (L × S). Normal BMI
is defined as a standardized value
<1, overweight as 1 to 2, and obese
as >2. There were 17 075 missing
BMI values before imputation and
for 2531 of these children,
imputation of standardized BMI
values was not possible due to
missing sex or age.

b See eFigure 1 in the Supplement for
a map of the regions.
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BMI, first-degree relative with type 1 diabetes, and genetic
risk scores were not significantly associated with the devel-
opment of stage 3 type 1 diabetes. Risk (24.7%) and risk fac-
tors were similar in a sensitivity analysis that excluded the 98
children who participated in the intervention study (eFig-
ure 5 in the Supplement).

Among 196 children with stage 1 type 1 diabetes, the risk
of progression to stage 2 or 3 was 28.7% (95% CI, 21.0%-
35.6%; 45 cases) by 3 years of follow-up, with an annualized
risk of 10.6% (eFigures 6 and 7 in the Supplement). Factors sig-

nificantly associated with disease stage progression were obe-
sity, 4 autoantibodies, IA-2A, glycated hemoglobin of at least
5.7%, area under the curve of OGTT results, and 60-minute
OGTT results. Sex, age, family history of type 1 diabetes, and
genetic risk scores were not significantly associated with risk
of progression. Loss of islet autoantibody positivity was ob-
served in 1 child during follow-up.

A diagnosis of stage 3 type 1 diabetes was reported in 4
of the 89 912 children who did not have presymptomatic
type 1 diabetes; at diagnosis, 3 had 1 autoantibody and 1 had

Figure 1. Flow of Participants in a Study of the Yield of a Public Health Screening of Children for Islet Autoantibodies in Bavaria, Germany

427 Children without sufficient
blood sample

13 Children without confirmation
sample

90 205 Children with sufficient blood
sample obtained for islet
autoantibody screening

90 632 Children enrolled in the
Fr1da study

89 912 Children without presymptomatic
type 1 diabetes

280 Children diagnosed with presymptomatic
type 1 diabetes

41 Families of children with
multiple islet autoantibodies
declined metabolic staging

160 Children included in the
Fr1da control cohort

220 Children underwent
metabolic staging

4 Children 
progressed
to stage 3
1 With DKA

4 Children 
progressed
to stage 3
1 With DKA

7 Children with
stage 3

27 Children
progressed
to stage 3
1 With DKA

5 Children
progressed
to stage 3

89 895 Children with screening
sample results negative for
multiple islet autoantibodies

310 Children with screening sample
results positive for multiple islet
autoantibodies

17 Children with confirmation sample results
negative for multiple islet autoantibodies

19 Children diagnosed with stage
3 type 1 diabetes before
confirmation sample

261 Children with confirmation
sample results positive for
multiple islet autoantibodies

196 Children with
stage 1

17 Children with
stage 2

DKA indicates diabetic ketoacidosis. The control cohort was a sample of the children who did not have islet autoantibodies and were living in the Munich area.

Yield of a Public Health Screening of Children for Islet Autoantibodies in Bavaria, Germany Original Investigation Research

jama.com (Reprinted) JAMA January 28, 2020 Volume 323, Number 4 343

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Kings College London User  on 01/29/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.21565?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.21565
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.21565?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.21565
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.21565


0 autoantibodies. In total, 66 known cases of stage 3 type 1
diabetes were observed during the 244 069 follow-up
years of all children screened in the study, yielding a rate
of 27 per 100 000 years (95% CI, 21.3-34.4). The sensitivity
of a presymptomatic diagnosis for identifying stage 3 type 1
diabetes within 3 years of follow-up from screening was
54 of 56 (96.4%) and the specificity was 90 350 of 90 576
(99.8%).

Diabetes Severity and Psychological Stress Associated With
Presymptomatic Type 1 Diabetes
Of the 62 children with presymptomatic type 1 diabetes who
developed stage 3 type 1 diabetes, 2 (3.2%) had a laboratory
diagnosis of mild (pH of 7.28) or moderate (pH of 7.14) dia-
betic ketoacidosis without clinical symptoms, and 60
(96.8%) did not have diabetic ketoacidosis. The children with
diabetic ketoacidosis were hospitalized but did not require
treatment in an intensive care unit. The family of 1 of these
children declined to participate in the educational and stag-
ing program.

PHQ-9 questionnaires were administered to 432 parents
at staging (76% response rate), 314 at 6 months (61%
response rate), and 256 at 12 months (58% response rate).
Median [IQR] PHQ-9 scores were significantly greater at the
time of metabolic staging in mothers of children with pre-
symptomatic type 1 diabetes than scores in mothers of chil-
dren with negative results for islet autoantibodies in the
control cohort (3 [1-7] vs 2 [1-4]; P = .002) (Figure 4 and
eTable 2 in the Supplement). The scores were not signifi-
cantly greater in fathers of children with presymptomatic
type 1 diabetes vs fathers of children without autoantibod-
ies (median [IQR], 2 [0-4] vs 2 [1-4]). The scores declined
significantly over time in both in mothers (median [IQR]
score at 12 months, 2 [0-4]; P < .001) and fathers (median
[IQR] score at 12 months, 0 [0-2]; P < .001) of children with
presymptomatic type 1 diabetes. The median (IQR) PHQ-9
score at metabolic staging was lower than in 169 mothers
(5 [3-8]; P < .001) and 95 fathers (4 [2-7]; P < .001) of chil-

dren diagnosed with type 1 diabetes without prior screening
in the DiMelli study.14

Discussion
Public health screening found a 0.31% prevalence of presymp-
tomatic type 1 diabetes in children aged 2 to 5 years, includ-
ing 0.02% of children with multiple islet autoantibodies and
dysglycemia (stage 2 type 1 diabetes) and 0.03% with previ-
ously undiagnosed stage 3 type 1 diabetes.

To our knowledge, this is the first study to introduce
preschool screening for autoimmune disease in the gen-
eral population. Smaller studies have performed screening
of school-age children.25-27 The strengths of the current
study include the introduction of screening in routine pediat-
ric health care, the large number of children screened, inclu-
sion of children without genetic preselection, systematic
follow-up of the majority of children diagnosed with pre-
symptomatic type 1 diabetes and their families, and inclusion
of a control cohort of children whose screening results were
negative for autoantibodies.

Screening of more than 90 000 children in 4 years was
achieved in a period when there was no known effective pre-
vention therapy. The success of a single 14-day course of tepli-
zumab in delaying the progression to stage 3 type 1 diabetes28

may further increase the acceptance of screening. This study
identified children with stage 2 diabetes who may benefit from
this treatment and shows how primary care screening could
rapidly disseminate access to therapies.

A potential clinical benefit of identifying type 1 diabetes
in a presymptomatic stage may be a reduction in the preva-
lence of diabetic ketoacidosis, which is associated with detri-
mental neurocognitive outcomes, poor long-term glycemic
control, and increased medical costs.5,29,30 Previous studies
reported a low frequency of diabetic ketoacidosis at the diag-
nosis of type 1 diabetes in genetically at-risk individuals with
islet autoantibodies in longitudinal natural history studies.4,31

Figure 2. Multivariable Analysis of Relative Risks for Presymptomatic Type 1 Diabetes in a Study of the Yield
of a Public Health Screening of Children for Islet Autoantibodies in Bavaria, Germany

P Value
Lower

Risk
Higher
Risk

0.5 61
Relative Risk (95% CI)

No. of
Participants

Total
No.Subgroup

BMI

Relative Risk
(95% CI)

225 72 203Normal 1 [Reference]
.8835 11 950Overweight 0.97 (0.67-1.37)
.0120 3565Obese 1.77 (1.08-2.71)

First-degree relative with type 1 diabetes
248 84 737No 1 [Reference]

<.00132 2981Yes 3.69 (2.51-5.24)
Age, y

88 35 649<3 1 [Reference]
.2061 20 2763-3.99 1.24 (0.89-1.71)
.0254 14 7624-4.99 1.50 (1.07-2.11)
<.00177 17 0315-5.99 1.86 (1.37-2.53)

The multivariable analysis includes
the variables that were significantly
associated with increased relative risk
for presymptomatic type 1 diabetes in
unadjusted analyses (see eFigure 2 in
the Supplement).
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Inthisstudy,theprevalenceofdiabeticketoacidosiswaslessthan
5%. The previously reported prevalence in unscreened children
is more than 20% in Germany2 and 40% in the United States.32

The transient association with increased psychological
stress scores observed in the mothers of children diagnosed
with presymptomatic type 1 diabetes in this study is consis-
tent with the findings of children diagnosed in natural his-
tory studies, which provided regular care of children whose
test results were positive for autoantibodies.33,34 Also consis-
tent in all studies is that the distress reported by the families

of children diagnosed with presymptomatic type 1 diabetes was
low or moderate in the majority of families. Therefore, with
an appropriate education and care program, islet autoanti-
body screening and a presymptomatic diagnosis of type 1 dia-
betes appear unlikely to lead to a level of parental psychologi-
cal stress that was observed in families of children diagnosed
with clinical type 1 diabetes.

A diagnosis of type 1 diabetes in presymptomatic stages
should be associated with an elevated risk for progression to
stage 3 type 1 diabetes. The 9% annualized risk for progression

Figure 3. Risk of Stage 3 Type 1 Diabetes in a Study of the Yield of a Public Health Screening of Children
for Islet Autoantibodies in Bavaria, Germany

P Value
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Risk
Higher
Risk

No. of
Participants

Total
No.Subgroup
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Hazard Ratio
(95% CI)

26 131Female 1 [Reference]
.4036 149Male 1.24 (0.75-2.05)
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.289 35Overweight 1.48 (0.73-3.03)
.366 20Obese 1.48 (0.63-3.47)

First-degree relative with type 1 diabetes
54 248No 1 [Reference]

.878 32Yes 0.94 (0.45-1.98)
No. of autoantibodies

20 1102 1 [Reference]
.8116 903 1.08 (0.56-2.10)
.0426 804 1.85 (1.03-3.32)
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44 235GADA 0.43 (0.25-0.75) .003

<.00150 158IA-2A 3.40 (1.81-6.39)
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Genetic risk score
14 63Tertile 1 1 [Reference]

.6715 67Tertile 2 1.17 (0.57-2.43)
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observed in this study is similar to the 11% annualized risk
found in children with multiple islet autoantibodies who have
a family history of type 1 diabetes or a genetically defined in-
creased susceptibility.6 Although it is possible that a few chil-
dren may not progress to overt diabetes, it appears that young
children with multiple islet autoantibodies identified by the
screening strategy in the current study have a genetic suscep-
tibility profile similar to that of children with diagnosed type 1
diabetes, and many are already at an advanced presympto-
matic stage. Additional selection of children who rapidly prog-
ress to stage 3 type 1 diabetes might be achieved by targeting
children with IA-2A and children with elevated hemoglobin A1c

or glucose levels.35-37 Genetic risk was not associated with in-
creased disease stage progression in children with presymp-
tomatic type 1 diabetes, and their genetic risk score (12.9) was
similar to that of children with type 1 diabetes in the DiMelli
study14 (median [IQR], 13.1 [12.2-14.1]) and greater than that
of the 20 668 infants from the general Bavarian population in-
cluded in the Freder1k study38 (median [IQR], 10.6 [9.7-11.6]).
Therefore, a priori genetic selection is unlikely to substan-
tially increase specificity.

The screening strategy was based on islet autoantibody in-
cidence data, which indicated a peak incidence of islet auto-
antibodies in the first 3 years of life.10,39 Screening was re-
stricted to a single point between 2 and 5 years of age. Screening
costs were kept low by using a relatively inexpensive and sen-
sitive prescreening method that could exclude 98% of chil-
dren from more expensive measurements. Further cost re-
ductions could be achieved by screening with point-of-care islet
autoantibody tests if they become available. Although the study
did not include a measure of type 1 diabetes ascertainment,
the screening strategy to identify children with multiple islet
autoantibodies identified more than 95% of the reported cases

of stage 3 type 1 diabetes among all screened children. These
data suggest that public health screening had a high sensitiv-
ity for identifying future cases of childhood type 1 diabetes.
New cases of presymptomatic type 1 diabetes occur after 5 years
of age, but an age-based analysis of the remaining risk for mul-
tiple islet autoantibodies in prospectively followed geneti-
cally at-risk children suggests that the risk is reduced after the
preschool period and may not be large enough to warrant a sec-
ond screen in adolescence.40

Limitations
This study has several limitations. First, although it provides
information on evaluating whether public health screening
might eventually be of value in some populations, a random-
ized clinical trial would be required to assess whether screen-
ing reduces diabetic ketoacidosis or affects psychological
stress. Such a trial should include measures of the number of
families who refuse participation in screening and the cost-
effectiveness of screening. Second, participation in the study
was voluntary and screening was performed in a minority of
the eligible children. Although the sex and BMI distribution
of the screened children was not significantly different from
that of all children of similar age living in Bavaria, the find-
ings may not be representative of all children in Bavaria,
other populations, or in children younger than 2 years and
older than 5 years. Third, the offer to enroll in an intervention
study to children with stage 1 presymptomatic type 1 diabetes
may have influenced participation in the metabolic staging
and education program and the psychological stress of the
families. A sensitivity analysis without the children who
participated in the 12-month intervention suggested that
the findings on disease progression during follow-up were
not substantially changed by the relatively short treatment

Figure 4. Psychological Stress Scores and Diagnosis of Presymptomatic Type 1 Diabetes in a Study of the Yield of a Public Health Screening of Children
for Islet Autoantibodies in Bavaria, Germany
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Violin plots of Patient Health Questionnaire 9 (PHQ-9) depression scores of
mothers and fathers of children with presymptomatic type 1 diabetes. Scores
were assessed at the metabolic staging visit and at 6 and 12 months after
diagnosis. Scores for children in the control cohort and children with
symptomatic type 1 diabetes enrolled in the DiMelli study14 are also shown.
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period in a minority of the participants. Fourth, BMI was miss-
ing in more than 10% of participants. Missing values were as-
sessed to be missing at random, but associations observed with
BMI should be interpreted with caution. Fifth, 24% to 42% of
parents did not return psychological stress questionnaires.
More accurate assessment might be achieved if question-
naires could be administered at time points before and after
notification of a diagnosis in the setting of a randomized trial.

Conclusions

Among children aged 2 to 5 years in Bavaria, Germany, a pro-
gram of primary care–based screening demonstrated an islet
autoantibody prevalence of 0.31%. These findings may in-
form considerations of population-based screening of chil-
dren for islet autoantibodies.
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