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ABSTRACT
Introduction: Type 1 diabetes can be diagnosed at an
early presymptomatic stage by the detection of islet
autoantibodies. The Fr1da study aims to assess
whether early staging of type 1 diabetes (1) is feasible
at a population-based level, (2) prevents severe
metabolic decompensation observed at the clinical
manifestation of type 1 diabetes and (3) reduces
psychological distress through preventive teaching and
care.
Methods and analysis: Children aged 2–5 years in
Bavaria, Germany, will be tested for the presence of
multiple islet autoantibodies. Between February 2015
and December 2016, 100 000 children will be screened
by primary care paediatricians. Islet autoantibodies are
measured in capillary blood samples using a multiplex
three-screen ELISA. Samples with ELISA results
>97.5th centile are retested using reference
radiobinding assays. A venous blood sample is also
obtained to confirm the autoantibody status of children
with at least two autoantibodies. Children with
confirmed multiple islet autoantibodies are diagnosed
with pre-type 1 diabetes. These children and their
parents are invited to participate in an education and
counselling programme at a local diabetes centre.
Depression and anxiety, and burden of early diagnosis
are also assessed.
Results: Of the 1027 Bavarian paediatricians, 39.3%
are participating in the study. Overall, 26 760 children
have been screened between February 2015 and
November 2015. Capillary blood collection was
sufficient in volume for islet autoantibody detection in
99.46% of the children. The remaining 0.54% had
insufficient blood volume collected. Of the 26 760
capillary samples tested, 0.39% were positive for at
least two islet autoantibodies.
Discussion: Staging for early type 1 diabetes within a
public health setting appears to be feasible. The study

may set new standards for the early diagnosis of type
1 diabetes and education.
Ethics dissemination: The study was approved by
the ethics committee of Technische Universität
München (Nr. 70/14).

INTRODUCTION
Type 1 diabetes is one of the most common
chronic diseases of childhood with an inci-
dence that is increasing yearly in European
countries. The prevalence of type 1 diabetes
in children aged 0–20 years is 0.3–0.6%.1–3

Symptomatic type 1 diabetes is usually diag-
nosed by blood glucose measurements at the
acute life-threatening onset of this disease.
Acute disease onset requires hospitalisation,
and is characterised by severe metabolic

Strengths and limitations of this study

▪ The Fr1da study is population based and con-
ducted as public healthcare research.

▪ The study uses a novel approach of early diagno-
sis of type 1 diabetes to prevent diabetic ketoaci-
dosis and improve care.

▪ The study is performed in children at an age that
maximises the likelihood of achieving early diag-
nosis of childhood diabetes.

▪ Measurement of psychological impact of early
diagnosis will allow impact on family well-being
to be evaluated.

▪ Children positive for a single islet autoantibody
in the screening test are not followed.
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decompensation, a major complication of type 1 dia-
betes.1 2 The management of metabolic decompensation,
and the adaptation of the family to the disease and its
treatment are major personal and financial burdens.1 2

Early diagnosis of type 1 diabetes in the asymptomatic
period could help to prevent acute disease onset, and
reduce the prevalence of metabolic decompensation and
associated hospitalisation.4 5 It may also open the path to
population-based disease prevention.
Early diagnosis is possible by the detection of multiple

islet autoantibodies.6 Nearly all of the children with
these biomarkers, regardless of their family history of
the disease, will develop clinical symptomatic diabetes.6

Therefore, early diagnostic tools should focus on the
first years of life, the time when multiple islet autoanti-
bodies usually emerge.7 In fact, 80% of children who
develop type 1 diabetes in childhood have multiple islet
autoantibodies before 5 years of age.6 Thus, if efficient
screening is implemented within a public health preven-
tion programme, the majority of future cases of child-
hood clinical diabetes could be identified in infancy.
Preventive teaching, education and monitoring may
allow us to prevent severe metabolic decompensation
and ketoacidosis, and prepare the children and families
for later insulin therapy. These possibilities are being
addressed in the Fr1da study.
The Fr1da study was designed as a model project in

order to introduce public health screening of multiple
islet autoantibodies (pre-type 1 diabetes)8 in Bavaria,
Germany. It is assessing 1) whether early staging (as out-
lined in ref. 8) of type 1 diabetes in the context of
regular medical checkups in early childhood is feasible
and efficient; (2) whether ketoacidosis and hospitalisa-
tion of children can be prevented; and (3) whether psy-
chological distress can be reduced through early
diagnosis, teaching and care. The Fr1da study is also
assessing environmental exposures. Its ultimate goal is to
introduce a trial platform for the prevention and subse-
quent management of type 1 diabetes.
Large-scale public health screening programmes

require quick and easy blood collection in capillary tubes
or dried blood spots, as well as high throughput assays
such as widely accepted newborn screening practices.
The current assays used to detect islet autoantibodies are
sensitive, specific, and standardised.9–14 However, in their
current format, these are not applicable for high
throughput population screening as they are too expen-
sive and labour intensive. Furthermore, there is limited
experience of using these assays with capillary blood.15–17

To overcome this problem, we have collaborated with
RSR Ltd., Cardiff, UK, to develop a screening assay
for one-shot detection of autoantibodies to the target
antigens glutamic acid decarboxylase-65 (GAD65),
insulinoma-associated antigen 2 (IA-2) and zinc trans-
porter 8 (ZnT8) using a sample volume suitable for capil-
lary blood collection. This assay allows us to identify
children positive for at least one of these autoantibodies;
these children can then be followed through further

screening for autoantibodies to GAD65, IA-2, ZnT8 and
insulin for the diagnosis of pre-type 1 diabetes.18

Here, we report the design of the Fr1da study “Early
diagnosis and care of type 1 diabetes” which was started in
February 2015, and provide the initial results for 26 760
children who had been screened by November 2015.

METHODS
Study population
The Fr1da study is intended to screen at least 100 000
children aged 2–5 years living in Bavaria, Germany, for
the presence of multiple islet autoantibodies. Screening
started in February 2015 and will continue for about
24 months. Children are screened only once. The
screening is offered by primary care paediatricians who
have volunteered to participate in the Fr1da study.
The optimal age for performing one-off islet autoanti-

body screening is a compromise between the sensitivity
of detecting a large number of children who have
already developed multiple islet autoantibodies (better
with later screening) and the loss of sensitivity attributed
to the progression to clinical diabetes (better with
earlier screening). Islet autoantibodies frequently
develop within the first years of life, with a peak inci-
dence at 1–2 years.7 19 20 Therefore, the ‘U’ medical
checkups in Bavaria scheduled at times after the peak
autoantibody incidence represent the best and most
practical opportunities to identify children with presymp-
tomatic type 1 diabetes. Therefore, we have recom-
mended that screening is performed in the context of
medical checkups at 21–24 (checkup U7), 34–36 (U7a),
46–48 (U8), and 60–64 (U9) months of age, and at any
other paediatric visit within these age ranges (http://
de.wikipedia.org/wiki/Kindervorsorgeuntersuchung).
By targeting several age-groups, we may facilitate the
implementation of screening into paediatric practice,
and provide sensitivity estimates for each screening age
in order to define the optimal age for population-based
islet autoantibody screening.
In Bavaria, there are around 100 000 live-births per

year and around 1000 primary care paediatricians. Over
99.5% of children attend preventive medical checkups
corresponding to almost 400 000 checkup visits per year
of children aged 2–5 years. The checkups comprise phys-
ical examinations, hearing tests, assessments of develop-
mental disorders, and allergen tests, but do not yet
include blood collection. We anticipate that about half
of the primary care paediatricians in Bavaria will partici-
pate in the Fr1da Study, and around half of the chil-
dren/families who are offered screening by their
paediatricians will participate. Therefore, enrolment of
100 000 children is expected to be possible over 2 years
(figure 1).

Blood sampling and screening questionnaire
Capillary blood samples (200 µL) are collected by
primary care paediatricians, who are reimbursed 10€ for
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each child. Paediatricians can store the samples for up
to 5 days in a refrigerator, and the return shipments are
organised once weekly for each participating site. The
child’s family completes a one-page questionnaire cover-
ing demographic data, type 1 diabetes family history and
potentially relevant environmental exposures.

Determination of islet autoantibodies
Autoantibodies to GAD65 (GADA), IA-2 (IA-2A), and
ZnT8 (ZnT8A) are measured in combination using a
newly developed multiplex three-screen ELISA (RSR
Ltd., Cardiff, UK) using serum prepared from capillary
blood. If the three-screen ELISA is positive, the remain-
ing serum will be used to measure GADA, IA-2A, ZnT8A
and insulin autoantibodies (IAA) using reference radio-
binding assays (RBA).9–14 If at least two positive islet
autoantibodies are detected by the reference RBA
assays, a confirmation venous blood sample is obtained
and the diagnosis of pre-type 1 diabetes is made if the
confirmatory test is positive. All measurements are done
at the screening centre (Helmholtz Zentrum München).
The paediatrician who collects the blood is informed of

the diagnosis and autoantibody status, and then informs
the families.
Children positive for just one autoantibody in the

screening test are not followed, and not diagnosed with
pre-type 1 diabetes. Risk for children with single islet
autoantibodies progressing to diabetes is at a low rate
(less than 15% in 10 years),6 which we currently con-
sider too low to report to families. In addition, the
screening strategy does not detect children positive for
IAA in the absence of other autoantibodies. Adding IAA
to the screening of all 100 000 children was not consid-
ered cost-effective or necessary to identify multiple islet
autoantibody positive children. There is no disadvantage
in not testing for IAA in the initial screening test as our
aim is to identify children with two or more antibodies.
Since all children with at least one antibody in the
three-screen ELISA are tested for IAA, all children with
multiple islet autoantibodies that include IAA will be
identified.
On receipt of the capillary blood samples (collected

in Microvette 200 Z tubes) at the screening centre, the
blood samples are centrifuged at 3000 rpm to obtain
serum. Signs of haemolysis are recorded in the database.

Figure 1 Study design. GADA, glutamic acid decarboxylase autoantibodies; IAA, insulin autoantibodies; IA-2A

Insulinoma-associated antigen 2 autoantibodies; RBA, radiobinding assay; ZnT8A, zinc transporter eight autoantibodies.
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The serum samples are stored at −20°C, and tested
within 1 week (range 0–14 days) after receipt. The
three-screen ELISA requires 25 µL serum for a single
well analysis and 50 µL for duplicates. The conventional
RBAs require 4 µL for duplicate analysis of GADA and
IA-2A, respectively, 8 µL for ZnT8A, and 20 µL for
IAA.9–14

The 3-screen ELISA assay is performed over 2 days. It
is performed using 25 µL of serum. All samples with a
three-screen ELISA signal above the 97.5th percentile
are then tested for GADA, IA-2A, ZnT8A, and IAA using
reference RBAs9–14 from the remainder of the capillary
blood sample. If there is insufficient blood sample for
this procedure, single RBAs of GADA, IA-2A and ZnT8A
are prioritised because these require smaller volumes. If
necessary, another capillary blood sample is requested
from the paediatrician.
For the reference RBAs, the cut-off for venous blood

samples corresponds to the 99th centile of values in
control children. To compare the autoantibody levels
between capillary and venous serum samples, 31 samples
from antibody positive and negative children were dir-
ectly compared before starting the Fr1da study. In add-
ition, capillary blood samples covering a range of ELISA
values above and below the 97.5th centile were tested
for GADA, IA-2A, ZnT8A and IAA in order to determine
how appropriate the RBA serum cut-offs were for the
capillary blood samples. The haemolytic status of capil-
lary samples was also considered for assessing the distri-
bution of IAA values.

Education and counselling programme
The parents of children with pre-type 1 diabetes are
invited to attend one 3–4 h educational programme
where they are instructed about urine and blood glucose
monitoring, symptoms of hyperglycaemia, pathogenesis
of type 1 diabetes, insulin action, and normal and patho-
logical blood glucose levels. The education programme
takes place close to the family’s place of residence. It is
performed by a local paediatric diabetes centre team
who have received special training in pre-type 1 diabetes
education, and thus allows the family to develop a rela-
tionship with their local paediatric diabetes centre. The
purpose of counselling is to help the families accept the
diagnosis of pre-type 1 diabetes, to cope with it in a posi-
tive manner, and to alleviate any anxiety that may arise.
The families are provided with a guidebook
(‘Fr1da-Book’), which was especially developed for the
early stages of type 1 diabetes. All families are assigned a
contact person (doctor or diabetes educator) from the
diabetes team and are able to contact this person at any
time if they have questions. We expect participation in
the education and counselling programme to be high
(>90%) and aim for full participation. At 2 weeks, 6 and
12 months after the training, the family is sent a ques-
tionnaire to assess their knowledge of diabetes in order
to evaluate the effectiveness of the training programme
(figure 1).

Staging and follow-up of children with multiple islet
autoantibodies
An oral glucose tolerance test (OGTT) and an HbA1c
test are performed in children with pre-type 1 diabetes
within 6 weeks after the diagnosis of pre-type 1 diabetes
to determine their level of glucose tolerance (normal,
impaired or pathological). For all children, a monitor-
ing plan is implemented at home and with their paedia-
trician. This includes visits to the diabetes centre every
1–6 month for measurement of random blood glucose,
HbA1c, body weight and height. OGTTs are performed
every 6–12 months depending on the child’s glucose tol-
erance.8 The families are provided with urine glucose
sticks to monitor urine glucose every month, and a
blood glucose metre and diary with instructions to
measure blood glucose concentrations in children with
impaired or pathological glucose tolerance.
In the event of pathological urine or blood glucose

levels, the family is asked to immediately contact their
local paediatric diabetes centre team. If hyperglycaemia
(ADA criteria21) is diagnosed by the paediatrician, the
child is immediately referred to the local paediatric dia-
betes centre team. All primary care paediatricians, the
local paediatric diabetes centre team and the families
are asked to record the following parameters and to
inform us of the diagnosis at any time, including outside
the setting of this project: symptoms (polyuria, polydip-
sia, polyphagia, weight loss), HbA1c, blood glucose
levels (fasting, postprandial or 2-h OGTT level), blood
gas analysis (pH level, total CO2, pCO2, base deficit,
base excess, potassium, sodium, chloride, blood urea
nitrogen, plasma creatinine, β-hydroxybutyrate), urine
ketones, duration of hospitalisation, intensive care
requirements, and the date of starting insulin therapy.

Stress assessment
A repeatedly discussed risk associated with islet autoanti-
body screening is the potential psychological stress
induced by a positive screening result, and the uncer-
tainty regarding the child’s future. If stress precedes the
symptomatic manifestation of the disease by many years
and impairs families’ well-being severely over a longer
period of time, it might offset the clinical benefits of an
early diagnosis. Very few studies have assessed the psy-
chological impact of islet autoantibody screening.
Results of the BABYDIAB and TEDDY studies indicate
that notification of a positive autoantibody test is asso-
ciated with increased anxiety in parents that decreases
over time (TEDDY unpublished data).22–25 We expect
training and counselling to reduce psychological stress.
The psychological impact, depression, anxiety and
burden are monitored using a standardised question-
naire (Patient Health Questionnaire26) given on the
diagnosis of pre-type 1 diabetes, and at 6 and 12 months
later. Families with elevated anxiety and depression
levels are referred for consultation to a local psycholo-
gist. The parents may also contact our free telephone
hotline with any questions or concerns.
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Statistical considerations
Our estimate of the prevalence of pre-type 1 diabetes
(multiple islet autoantibodies) is 0.3% (300 cases per
100 000 screened children). This estimate is based on
the expected prevalence of diabetes before the age of
20 years in Bavaria (0.5%), and an expected sensitivity of
multiple islet autoantibody positivity of 60% of these
cases at 2–5 years.
The feasibility and efficiency of the Fr1da study will be

assessed in terms of the participation rates of screened
children and children with multiple islet autoantibodies
taking part in the education and counselling pro-
gramme. The study will be considered successful if
>80 000 children participate in the screening, >200 chil-
dren with pre-type 1 diabetes are identified over a
period of 2 years, and if >80% of positive children com-
plete the education and counselling sessions. We expect
that >80% of the parents will be able to recall the most
important symptoms of hyperglycaemia at 12 months
after attending the educational programme. Rates of
ketoacidosis or hospitalisation of <5% within 12 months
will be considered as indicators of success. Rates of
ketoacidosis will be also compared to rates found in the
Bavarian Register Cohort DiMelli.27

Statistical analyses will be performed on factors asso-
ciated with pre-type 1 diabetes. Anticipating that 100 000
children will be screened and 300 will be diagnosed with
pre-type 1 diabetes, factors with an exposure rate of 30%
(eg, caesarean section or factors categorised into ter-
tiles) will have 80% power for an OR of >1.4 at a two-
tailed significance level of 5%. Similarly, a factor with an
exposure rate of 2% (eg, gluten or cereal introduction
before 3 months of age) will have 80% power for an OR
>2.6 at a two-tailed significance level of 5%.
The impact of the diagnosis of pre-type 1 diabetes will

be compared within participants over time (eg, using
paired t tests) and with respect to a reference popula-
tion at each time (eg, using two-sample t tests).
Correlations between the family’s knowledge of diabetes

and the psychological impact at the same time will be
determined to examine whether better knowledge of
the disease and its treatment is associated with a lower
psychological impact. We will also examine correlations
with other relevant factors, such as parental education
or age.
Data analysis will be performed using SAS (SAS

Institute Inc., Cary, North Carolina, USA), R (http://
cran.r-project.org/), or SPSS (IBM Inc., Armonk,
New York, USA). Missing data will be handled using
elimination or imputation strategies, as appropriate.
There are no interim analysis planned, except for a
regular check of the current recruitment numbers. All
other analyses will be performed in 2016 and 2017.

RESULTS
Participation
The Fr1da study started enrolment in February 2015. All
1027 primary care paediatricians in Bavaria were
informed about the start of the Fr1da study through a
one-page letter and were invited to participate. Of these,
501 expressed interest and asked for more detailed
information, and 404 (39.3%) are currently enrolling
children. As of 30 November 2015, 26 760 children
(13 713 males, 13 047 females) have undergone screen-
ing tests. The weekly participation rate ranged from 135
to 1297 children, and it was affected by school holidays
and by a postal strike in Germany which compromised
sample shipment, but participation remained relatively
constant (figure 2). There were no regional differences
in the participation rates after considering the density of
primary care paediatricians (figure 3). Overall, 3.6%
(n=962) of the children had a first degree relative with
type 1 diabetes (table 1).

Capillary blood collection
Capillary blood samples were obtained for 26 760 chil-
dren, of which 25 868 (96.7%) contained sufficient

Figure 2 Numbers of children

who underwent the islet

autoantibody screening per week

between February and November

2015.
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volume to perform the three-screen ELISA islet autoanti-
body test. Of the remaining samples, 748 (2.8%) were
sufficient to perform the reference RBAs for GADA,
IA-2A, and ZnT8A, and to enable the results to be com-
municated to the child’s paediatrician. The other 144
(0.54%) samples were too small and the paediatricians
were asked to obtain a new sample; this was done for 48
children (table 1). Of all capillary samples received,
8912 (33.3%) had visible traces of haemoglobin.

Performance of RBA islet autoantibody detection in
capillary blood
Autoantibodies against GAD, IA-2, and ZnT8 correlated
highly with capillary and venous blood of children
(figure 4). The distribution of RBA islet autoantibodies
was examined in Fr1da capillary blood samples that
scored <97.5th centile in the three-Screen ELISA results
so as to determine whether venous serum thresholds for
positivity were appropriate for capillary blood (figure 5).
For GADA, IA-2A, and ZnT8A, the 99th centile previ-
ously defined in venous serum was very similar to the
99th centile of the capillary blood sample measure-
ments. For IAA, there was a shift to higher assay signals
if the capillary blood was visibly haemolysed. Moreover,
the venous serum threshold of 1.5 units corresponded to
the 97th centile of the non-haemolysed capillary blood
samples. For comparison, we also examined the distribu-
tion of RBA values in capillary blood samples that were

>97.5th centile in the three-Screen ELISA. At the venous
serum established threshold, positive values were
obtained in 25.2% for IAA in non-haemolysed samples,
13.6% for GADA, 7.7% for IA-2A, 8% for ZnT8WA and
7.7% for ZnT8RA.

Prevalence of multiples islet autoantibodies and clinical
type 1 diabetes
Of the 26 760 capillary samples tested, 105 (0.39%) were
positive for at least two islet autoantibodies, and a
sample of venous blood was requested. To date, a
second sample has been received from 77 children, of
which 63 (81.8%) were positive for multiple islet auto-
antibodies, and the diagnosis of pre-type 1 diabetes was
communicated to the families (table 1). The multiple
islet autoantibody status was not confirmed in 14
(18.2%) children. Four children were diagnosed with
clinical type 1 diabetes by collecting the capillary sample
and the sample of venous blood.

Participation rates in the education and counselling
programme, rate of ketoacidosis and psychological
assessment
All families and their children with confirmed multiple
islet autoantibodies (pre-type 1 diabetes) were invited to
participate in the educational and counselling pro-
gramme, and in metabolic OGTT staging. Two families
refused to take part in these activities. The other

Figure 3 (A) Participation rates of primary care paediatricians per region in Bavaria (blue) and the mean number of children

screened per primary care paediatrician (red). (B) Affiliated paediatric diabetes centre in Bavaria (black squares) following the

children diagnosed with pre-type 1 diabetes. Children and families are offered an education and counselling programme following

the diagnosis of pre-type 1 diabetes, glycaemic staging and psychological care related to the early diagnosis of diabetes.
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families have either completed OGTT staging and parti-
cipated in the education and counselling programme at
1 of 16 affiliated paediatric diabetes centres in Bavaria,
or are scheduled to participate in these within 6 weeks.
Based on the OGTT results, 89% children were

normoglycaemic, 9% had impaired glucose tolerance,
and 2% had pathological glucose tolerance (clinical
type 1 diabetes). Children with normoglycaemia were
asked to measure their urine glucose every month, and
all of them adhered to the regular measurements until
today and have submitted their results (see figure 2 of
ref. 8). Children with impaired glucose tolerance were
asked to measure blood glucose every week, and all of
them adhered to the measurements and submitted their
results. Children with pathological glucose tolerance
were asked to measure their blood glucose every day,
and none have started insulin therapy to date. One
child with impaired glucose tolerance has progressed to
hyperglycaemia to date. None of the children tested in
the Fr1da study had ketoacidosis. The psychological
assessment revealed no serious distress in any of the fam-
ilies that needed immediate reaction and treatment.
Analyses of parent’s well-being at the time of early diag-
nosis revealed symptoms of anxiety and depression in
1.5% of parents which is comparable to the German
norm population.

DISCUSSION AND SIGNIFICANCE
The Fr1da study is a population-based study that was
implemented to examine the feasibility of early diagno-
sis of type 1 diabetes by islet autoantibody screening in
infants, without preselecting the target population in
terms of genetic susceptibility or family history. This
study, as a model project, has demonstrated the feasibi-
lity of collaborating with primary care paediatricians and
the introduction of a public health screening test within
the context of regular compulsory checkups, followed by
education, counselling, and follow-up assessments.

Over 10 months, a mean of 2676 children have been
screened every month. This is considerably higher than
previous screening programmes in school children,
where 200–400 children per month underwent veni-
puncture.28–31 The single capillary blood sampling pro-
cedure was efficient, and provided sufficient volume for
the diagnosis of pre-type 1 diabetes in nearly 99.5% of
children. Moreover, we have established that capillary
blood samples can be used for screening purposes.
Overall, 0.39% of children were positive for multiple
islet autoantibodies in the first capillary blood screening,
and we estimate that in approximately another 0.3% of
children this will be confirmed by a second venous
sample; however, the numbers of children with con-
firmed samples are still very small.
Participation rates in the education, counselling, and

follow-up assessment were very high. This is encouraging
because education of pre-type 1 diabetes is a novel
concept that has not been previously explored. We
expect that this tailored education will prevent children
from acquiring diabetic ketoacidosis and families’ from
psychological distress.
To date, none of the children in the Fr1da study have

been diagnosed with ketoacidosis. This finding may be
due to the screening programme and/or an increased
awareness of type 1 diabetes among paediatricians.
Approximately 900 children suffer from life-threatening
ketoacidosis at diabetes onset in Germany each year, cor-
responding to about one-third of all children with newly
diagnosed type 1 diabetes.32 Ketoacidosis at the onset of
type 1 diabetes is associated with increased mortality and
longer hospitalisation, translating into increased cost
and is less likely to be associated with partial remission
in the first year after diagnosis and after 2 years of symp-
tomatic disease. It is also associated with lower residual
β cell function, worse metabolic control, and higher
insulin requirements.33 34 Previous studies have shown
that the prevalence of diabetic ketoacidosis, HbA1c, and
the length of hospitalisation were considerably lower in

Table 1 Characteristics of the study participants as of 30 November 2015

Number (%) of

children/samples

Screened children 26 760 (13 713 males (51.2%))

Screened children with a first degree relative with type 1 diabetes 962 (3.6%)

Samples with a sufficient volume to perform the 3-screen ELISA 25 868 (96.7%)

Samples with insufficient volume for the 3-screen ELISA but sufficient for the RBA 748 (2.8%)

Samples with insufficient volume for the 3-screen ELISA or the RBA prompting a

request for a new sample

144 (0.54%)

Sample obtained again and sent to the centre 48

Children with multiple islet autoantibodies detected in the first sample 105 (0.39%)

Children with confirmed multiple islet autoantibodies (ie, pre-type 1 diabetes) 63

Children diagnosed with asymptomatic type 1 diabetes between the first and

second sample

4

Children without confirmation of multiple islet autoantibodies 14

Children pending confirmation 24

RBA, radiobinding assay.
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children diagnosed at an early stage via islet autoanti-
body screening.4 5 35 36

Limitations of the Fr1da study design include the fact
that we do not follow children with single islet autoanti-
bodies. A minority of these children will develop dia-
betes. A second limitation with respect to sensitivity is
the cross-sectional screening at one single time point.
Repeated screening at a later age is costly, but will
increase the sensitivity of the approach. A third limita-
tion is that our study design does not address the

socioeconomic aspect of introducing such a screening
for the prevention of diabetic ketoacidosis and its com-
plications. While costs and benefits will differ between
different healthcare systems and the worth of saving lives
debated, it still will be important to formally address the
economics of the prevention of DKA or type 1
diabetes.37

In conclusion, the Fr1da study, if successful, could
have a major impact on the implementation of screen-
ing for pre-type 1 diabetes in the preventive health pro-
gramme in Germany, and potentially other countries.
The study uses validated assays and a clear strategy for
identifying children with multiple islet autoantibodies so
as to help prevent diabetic ketoacidosis at a population
level, thus reducing the family’s burden and potentially
healthcare costs. We also expect to set new standards for
the early diagnosis of type 1 diabetes, as well as provide
subsequent education and counselling for children diag-
nosed with pre-type 1 diabetes. Furthermore, the Fr1da
study will provide us with the opportunity to assess the
impact of environmental exposures on pre-type 1 dia-
betes since a population-based approach is most suitable
for such analyses. These exposures include air pollution,
population density and drinking water quality data
which are available for Bavaria and have not been exam-
ined in other natural history studies. Moreover, the study
will provide an unprecedented opportunity to design
secondary prevention studies to delay or prevent the
onset of hyperglycaemia and insulin dependence at a
population-based level, and will implement this with a
relatively rapid recruitment capacity.

ETHICS AND DISSEMINATION
The study was approved by the ethics committee of
Technische Universität München (Nr. 70/14). An infor-
mation sheet is given to the parents or the legal guar-
dians, in person, by the child’s paediatrician. The child’s
representative is given sufficient time to read the infor-
mation sheet and the opportunity to ask any questions
before completing the consent form. The parents or
legal guardians are informed that participation in the
study is voluntary and that consent can be withdrawn at
any time, without giving a reason and without any disad-
vantages. All data will be treated confidentially, and data
will be protected throughout the study in accordance
with relevant laws. The findings of the study will be disse-
minated through peer-reviewed journals, national and
international conference presentations, and to the pae-
diatricians via regular newsletters.

STUDY ORGANISATION
The Fr1da study is organised by the Institute of
Diabetes Research, Helmholtz Zentrum München and
Forschergruppe Diabetes, Klinikum rechts der Isar,
Technische Universität München, where the screening
centre is located. The screening centre includes study
coordination, data and logistic coordination, the central

Figure 4 Correlation between capillary and venous blood

levels of antibodies against GAD, IA-2, and ZnT8 in 31

children (GADA: R2 0.69, p<0.0001; IA-2A R2 0.98, p<0.0001;

ZnT8RA: R2 0.89, p<0.0001). GAD, glutamic acid

decarboxylase; GADA, glutamic acid decarboxylase

autoantibodies.
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laboratory, public relations and statistical analysis. The
study is performed in collaboration with primary care pae-
diatricians (Berufsverband der Kinder und Jugendärzte e.
V., Landesverband Bayern and PaedNetz) in Bavaria who
perform the screening, and the affiliated paediatric dia-
betes centres which conduct the education programme
(see below) and the psychology team (see below)
responsible for the psychological assessment of the study.
The Fr1da study is being conducted in cooperation
with the Bayerisches Landesamt für Gesundheit

und Lebensmittelsicherheit and the Bayerisches
Staatsministerium für Gesundheit und Pflege (under the
auspices of Melanie Huml, MdL).

Author affiliations
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München, Neuherberg, Germany
2Forschergruppe Diabetes e.V., Neuherberg, Germany
3Department of Pediatrics, Klinikum rechts der Isar, Technische Universität
München, München, Germany

Figure 5 Cumulative frequency distribution of RBA values for islet autoantibody measurements in capillary blood samples. For

each islet autoantibody, RBA values (x axis) are plotted against the percentage of samples having equal or lower values (y axis).

Shown are samples that were <97.5 centile in 3-Screen ELISA (solid lines; n=409) and samples that were >97.5 centile in 3-

Screen ELISA (broken lines, n=568). For IAA, the distributions are shown for samples that were visibly haemolysed (red lines)

and non-haemolysed (black). The dotted lines represent the thresholds of positivity established for venous blood.
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