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Two recent trials report positive results of
disease-modifying therapies suggesting an
opportunity to delay type 1 diabetes (T1D)
with teplizumab or preserve residual b-cell
function with oral verapamil and possibly
even reduce its associated morbidity, mor-
tality, and overall burden, for individuals
and society (1–3). In the recent U.S. Food
and Drug Administration approval of tepli-
zumab for treatment of early-stage T1D
from age 8 years, a change can be seen in
the paradigm from insulin substitution to
disease modification. As a consequence,
this raises the issue of general population
screening for asymptomatic T1D 100 years
after the first clinical use of insulin. Islet
autoantibodies (antibodies against insu-
lin, GAD [GAD65], tyrosine phosphatase
antigen-2 [IA-2], and zinc transporter
8 [ZnT8]) are detected in the blood prior
to the development of clinical disease in
95% of patients (3). More than 80% of in-
dividuals prone to develop T1D show
signs of autoimmunity, reflected by circu-
lating autoantibodies already at preschool
age, long before the onset of hyperglyce-
mia (3). Based on these insights, a new
definition of T1D has been proposed and
is being widely adopted, in which the pre-
clinical phase is viewed as part of the dis-
ease and identified as having distinct
stages. Stage 1 includes people with mul-
tiple autoantibodies but normoglycemia
(4), stage 2 includes people with multiple
autoantibodies and dysglycemia (defined
at present with use of oral glucose toler-
ance testing), and people at stage 3 have

clinical T1D. Stages 1 and 2 are referred
to as “early-stage” T1D. There is interna-
tional consensus that the presence of two
or more islet autoantibodies is the early
presymptomatic stage of T1D, and regula-
tory bodies have given a positive opinion
on use of two or more islet autoantibod-
ies as biomarkers for selecting individuals
for clinical trials testing therapies to pre-
vent or delay clinical diagnosis of T1D (5).

However, in prospective studies in-
vestigators have observed that antibody
levels can vary over time and individuals
can acquire additional autoantibodies or
previously positive autoantibodies can re-
vert to negative (6). The current definition
of stage 1 does not specify whether persis-
tence or confirmation of multiple antibody
status is required for identification of those
at highest risk of progression to symptom-
atic disease. Confirmation of the first anti-
body positivity ideally within 3 months is
important, since the accuracy of autoan-
tibody tests can vary between laborato-
ries and target antigens. But population
screening demands an acceptable and
evidence-based monitoring and care pro-
gram that reflects and responds to risk
and rate of progression to clinical disease.
Recent reporting from the Fr1da study in-
cluded which proportion of children identi-
fied as having multiple antibodies through
general population screening are initially
classified in the three different T1D stages
(7). Approximately 90% of children with
early-stage T1D were at stage 1. One-half
of those with stage 2 T1D progressed to

stage 3 within 2 years, while progression
to stage 3 was much slower in the chil-
dren with stage 1 T1D. The rate of pro-
gression is not the same for all, and there
is a need to introduce an acceptable
follow-up pathway that informs individu-
als about their short- and mid-term pro-
gression likelihood.

Frohnert et al. (8) provide evidence that
follow-up over 2 years can differentiate
which of these intermediate-risk individu-
als will enter the highest-risk category and
which will continue to remain at lower
risk, indicating that ongoing measurement
of islet autoantibodies has clinical utility.
These results have important implications
for refining diagnostic criteria for stage 1
T1D and emphasize the need for confirma-
tion of antibody positivity. Short-term
follow-up over 2 years further refines risk
(Fig. 1). In analyses of combined and har-
monized prospective birth cohort studies
of >16,000 children at risk for T1D en-
rolled by age 2.5 years, 865 were positive
for one or more autoantibody and 537
(62%) progressed to stage 3 T1D after a
15-year follow-up. Ontology of islet au-
toantibody patterns co-occurrence, and
persistence of autoantibodies defined
by increasing stringency of positivity for
multiple islet autoantibodies, was used
to estimate the risk of progression to
stage 3 T1D. The 15-year cumulative inci-
dence of diabetes was highest with 88%
(95% CI 85–92) in those with the most
stringent definition, i.e., requiring not
only concurrent presence of two or more
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autoantibodies but also persistence of at
least two of those autoantibodies at the
next visit. Intermediate risk was consid-
ered for two different scenarios: if multi-
ple positive autoantibodies were detected
at the same visit, without requirement of
persistence or secondly, if multiple posi-
tive autoantibodies were found at one
visit, and at least one was positive at two
consecutive visits. Definitions that do not
require persistence of multiple autoanti-
bodies but still include at least one visit
with multiple positive autoantibodies at
the same visit identify a group at moder-
ate risk. Finally, individuals whose multiple
antibodies are neither contemporaneous
nor persistent have an 18% (5–40), al-
beit the lowest, cumulative incidence
of stage 3 T1D.

Of note, loss of a single autoantibody
in those who are positive for multiple
antibodies with all three autoantibodies
confers a short-term increase in risk of
progression. The authors do not speculate
on potential explanations for this observa-
tion. Many individuals with long-standing
T1D no longer have islet immunity present
in their blood (9). As has been observed
before (10,11), young age was significantly
associated with time from seroconversion
to a more stringent definition of multiple
antibody status and to stage 3 T1D, em-
phasizing the need to detect T1D early in
life. In addition, HLA markers (11), or ap-
pearance of insulin autoantibody first
(12), have been shown to influence the

progression rate (10–14). Indeed, with use
of IA-2 antigen titer, HbA1c, and glucose at
90 min during oral glucose tolerance test-
ing, a progression likelihood score for the
2-year progression was proposed, which
could allow a substaging of stage 1 into
slow (stage 1a) or fast (stage 1b) T1D pro-
gression (7).

As the momentum for screening chil-
dren in the general population grows, the
study by Frohnert et al. provides impor-
tant guidance for follow-up. Monitoring
at 6- to 12-monthly intervals has been
used for participants in prevention trials.
More frequent monitoring can be indi-
cated for children who screen positive be-
fore 3 years of age and are at high risk of
progression. However, monitoring of anti-
bodies for younger and older adults may
be different from that in children and ado-
lescents, and limited data are available on
non-White populations. Preliminary data
on psychological aspects of screening were
gathered in previous projects (Fr1da [15],
The Environmental Determinants of Diabe-
tes in the Young [TEDDY] [16], and Global
Platform for the Prevention of Autoim-
mune Diabetes [GPPAD] [17]). As 9 of 10
families in a population screening will have
no prior knowledge of T1D, key elements
to reduce anxiety and stress are informa-
tion and education, about the relevance
of antibody results and eventual devel-
opment of T1D, that are appropriate for
families and children. While initial catego-
rization identifies individuals at highest

risk, short-term follow-up over 2 years
may help with stratification of evolving
risk, especially for those with less stringent
definitions of multiple antibodies status.

With the proposed strategy, a first step
for a personalized approach is taken where
monitoring frequency and/or pharmaco-
logical interventions and psychological
counseling strategies could then vary
based on the stratified definition of stage 1
in islet autoantibody–positive individuals. A
limitation of the present definition of
stage 1 T1D is that only a binary outcome
(positive or negative) of autoantibody
measurement was used. Indeed, autoan-
tibody titer levels can be an important
predictor of risk. Furthermore, the impor-
tance of individual autoantibodies and
their pattern of appearance and disap-
pearance in assessment of risk has been
shown (18). In this regard, future analysis
needs to include ZnT8 or islet cytoplasmic
antibodies that were not included in the
analysis. Other future approaches may in-
clude genetic risk stratification as T1D has
a strong polygenic component.

Thus, the definition of stage 1 T1D pro-
posed by Frohnert et al. could help with
earlier intervention—starting in stage 1—
as this would allow more b-cell function
to be preserved. The European clinical trial
platform INNODIA has developed amaster
protocol and a platform study design as
well as trialing adaptive elements to facili-
tate studies in stage 3 T1D (19–21). In
terms of clinical care, being able to
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Figure 1—Defining stage 1 T1D in preschool children.
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intervene in stage 1 would allow more
time to switch to second- or third-line
medication if an individual fails first-line
treatment, as is recommended in other
autoimmune diseases (22). There is in-
creasing evidence that progression can be
predicted with nuanced analysis of con-
tinuous glucose monitoring data (23).
Thus, once stage 1 is clearly defined, ad-
vanced modeling of glucose, insulin, and
c-peptide parameters allows monitoring
of the disease modulation (24,25). Per-
sonalized approaches refining our defini-
tions and stratification of early-stage T1D
may therefore be important for guidance
for counseling individuals identified through
population screening.
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