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tant to note that this consensus docu-
ment does not encompass screening for
islet autoantibodies and only provides ex-
pert clinical advice for monitoring of indi-
viduals who have screened positive for at
least one islet autoantibody.

INTRODUCTION AND RATIONALE

The presence of islet autoantibodies for a
presymptomatic period of variable dura-
tion in first-degree relatives of individuals
with type 1 diabetes has been known for
more than 40 years (1), with recommen-
dations for islet autoantibody screening
appearing soon after (2). Decades of sub-
sequent research and monitoring of indi-
viduals with islet autoantibody positivity
has led to the paradigm shift that type 1
diabetes is a continuum of stages, from
genetic risk through to autoimmunity and
then metabolic disease. This has been
accompanied by the evolution of de-
scriptive terminology that reflects these
stages (Table 1). Similarly, treatment op-
tions have moved on from monitoring
and managing metabolic disease to in-
clude options for modulating the auto-
immune response (3,4).

Screening programs have developed to
the point that large numbers of children
and adults at risk of and with early-stage
type 1 diabetes have been intensively fol-
lowed in longitudinal cohort studies
(5-15) centered on understanding the
natural history of progression to symp-
tomatic type 1 diabetes (see Table 2 for a
list of studies available for participation).
Of note, many entry criteria for individu-
als with presymptomatic type 1 diabetes
into these studies require a family history
of type 1 diabetes or HLA genetic risk,
and most are focused on pediatric popu-
lations. Based on the outcomes of these
and other studies, stages of presympto-
matic and symptomatic type 1 diabetes
are now clinically defined (Table 1) to a
degree of clinical consensus (16-18), al-
though regulatory agencies and research
studies may differ in definitions. Using
these classifications, individuals can be
monitored, diagnosed with diabetes, and
even, at times, started on insulin replace-
ment therapy early in the disease course,
based on meeting American Diabetes
Association (ADA) (18), International Soci-
ety for Pediatric and Adolescent Diabetes
(ISPAD) (16), or American Association of
Clinical Endocrinology (AACE) (19) diagnostic
criteria. To date, the ISPAD guidelines have

provided metabolic and autoantibody
monitoring recommendations for children
with presymptomatic type 1 diabetes (16)
but do not make specific recommenda-
tions for education or psychosocial sup-
port in IAb™ individuals, monitoring of
single IAb" individuals, or when to start
insulin. The Frlda study has suggested
and introduced specific recommenda-
tions for children (20). A separate set of
recommendations based on a Delphi sur-
vey of expert opinion has provided guid-
ance on metabolic and autoantibody
monitoring, with recommendations for
education and psychosocial support, but
does not specifically address adults with
early-stage type 1 diabetes (21). Conse-
quently, to date there is no available
guidance on monitoring in adults or in
individuals with single islet autoantibody
positivity or on when insulin therapy is
indicated.

Consensus on evidence-based expert
clinical advice for monitoring is an impor-
tant unmet need, since a positive test for
islet autoantibodies (Table 3) is a condition
for access to disease-modifying therapies,
such as teplizumab (22). In addition, islet
autoantibody screening is anticipated to be-
come more common (7,23-25), highlight-
ing the need for clear monitoring advice.

Screening efforts are identifying an ever-
growing number of 1Ab™ people who war-
rant education and ongoing monitoring for
progression toward clinical diabetes. Evi-
dence shows that such monitoring in re-
search studies can significantly reduce the
incidence of diabetic ketoacidosis (DKA)
at diagnosis (24,26—33), occurring in up to
70% of unmonitored individuals, which
is greatly lowered for individuals participat-
ing in follow-up studies (26,34—39). The
impact of monitoring in general clinical
practice on DKA rates is not known. DKA is
a life-threatening condition that requires
hospital admission, with significant associ-
ated costs for critical care (40—42). Addi-
tionally, in a number of studies, DKA at
presentation of type 1 diabetes in youth
has been associated with higher HbA;.
that was sustained for up to 11 years af-
ter diagnosis (43—45). Other studies have,
however, not found such an association
between DKA at presentation of type 1
diabetes and higher long-term glycemic
levels (46). The lack of DKA at onset of
type 1 diabetes is also predictive of fewer
severe hypoglycemic events 10 years af-
ter diagnosis (47). In this context, the
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overall goals of monitoring are described
in Table 4.

Monitoring of people with islet autoan-
tibody positivity outside of research set-
tings will require expert clinical advice
that is clear and actionable by HCPs who
have limited expertise in diabetes. As in-
dicated, current insights into monitoring
progression to clinical type 1 diabetes are
largely derived from research studies of
individuals known to be at risk for type 1
diabetes, and general population data are
less extensive. With this caveat, knowl-
edge on best practices is particularly im-
portant for primary care and secondary
care physicians who may not frequently
see people known to be at risk for type 1
diabetes, and yet who will be tasked with
the initial aspects of monitoring following
a positive autoantibody screen. Other
people who may assist with care of these
individuals will include nurse practition-
ers, physician assistants, diabetes care
and education specialists (DCES), psychol-
ogists, and other mental and behavioral
health professionals, all of whom have a
role in supporting IAb" individuals and
their families within the monitoring envi-
ronment. Clear expert clinical advice for
monitoring by these groups of HCPs in-
creases the likelihood that individuals at
risk for or in early stages of type 1 diabetes,
and their families, can receive accurate
and actionable education about presymp-
tomatic type 1 diabetes and their individual
status.

The Requirement for Monitoring

Islet autoantibodies against four major
pancreatic autoantigens are currently clini-
cally available; these consist of insulin auto-
antibody (IAA), GAD autoantibody (GADA),
insulinoma antigen-2 autoantibody (IA-2A)
(also called islet cell autoantigen 512
[ICA512]), and ZnT8A (48). These are
often considered “biochemical autoan-
tibodies” and are the screening targets
recommended by the most recent ADA
Standards of Care (25). A further islet auto-
antibody assay, for islet cell autoantibod-
ies, using indirect immunofluorescence
on pancreatic tissue, has been used for
screening purposes, but it is less available
outside of research studies, and the anti-
genic targets are not fully known. Consid-
erable evidence in multiple populations
supports the concept that the number and
type of biochemical autoantibodies can be
used to predict risk for progression to
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Table 2—Established population-based screening and monitoring studies in

early-stage type 1 diabetes

Acronym Study name/description

ASK Autoimmunity Screening for Kids program (7)

BABYDIAB Part of the international Type 1 Data Intelligence (T1DI) project (156)

DAISY Diabetes Autoimmunity Study in the Young (6)

DIPP Type 1 Diabetes Prediction and Prevention Study based in Finland (11)

DPT-1 Diabetes Prevention Trial-Type 1 (12)

ENDIT European Nicotinamide Diabetes Intervention Trial (13)

Frlda Population-based health care research study based in Bavaria, Germany (9)

INNODIA Global partnership between academic institutions, commercial partners,

and patient organizations (14)

PLEDGE Population Level Estimation of T1D Risk Genes in Children (155)

TEDDY The Environmental Determinants of Diabetes in the Young study (5)

Type 1 Diabetes International research network centered on delaying or preventing T1D
TrialNet (10)

TypelScreen Australian screening and monitoring program open to relatives of

individuals with type 1 diabetes and IAb* people identified through
other screening pathways (ANZCTR registration no.

ACTRN12620000510943)

Note that major research networks are included in the table, but this is not an exhaustive
list. ANZCTR, Australian New Zealand Clinical Trials Registry.

in a laboratory that meets the perfor-
mance standards set by the Islet Autoanti-
body Standardization Program (IASP) (50).
Persistent 1Ab™ status on two or more dif-
ferent samples is needed, using sensitive
and specific assays with high predictive

value for disease progression (51). Several
research programs have tested for islet au-
toantibody status using capillary sampling
to obtain serum or dried blood spots for
assessment; however, venous samples are
preferred (due to reduced interference
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from hemolysis) and should be used as
confirmation whenever capillary testing
has been performed initially.

Predicting when an individual with
type 1 diabetes—related autoantibodies
may progress to stage 3 type 1 diabetes
is difficult. However, in children and ado-
lescents, persistent multiple I1Ab™ status
confirms early-stage (stage 1 or stage 2)
type 1 diabetes with higher rate of pro-
gression to stage 3 type 1 diabetes com-
pared with single IAb™" status (52). For
the same reasons as discussed for single
IAb" status, confirmation of multiple
IAb™ status is important, as it indicates
early-stage type 1 diabetes and should
adhere to the “rule of twos,” i.e., the
presence of two different autoantibodies
confirmed in two tests from two sepa-
rate samples (51-54). Subsequent loss of
individual antibodies is not associated
with a slower rate of progression. The
type of positive autoantibody (Table 3) is
also of importance, since, as children
age, relative risks for progression with
each antibody type will change (55,56),
with some evidence that this is also true
for adults (55,57). Consideration of these
data, along with autoantibody titers, may
aid risk stratification (58). Although fewer
data are available in adults, Type 1 Diabe-
tes TrialNet cohort data indicate that the

Table 3—Autoantibodies against islet autoantigens detected in stage 1-3 type 1 diabetes

Autoantibody

Islet specificity

Typical characteristics

IAA Insulin

GADA GAD

IA-2A (also known as ICA512)

(55,163)
ZnT8A Zinc transporter type 8, a transmembrane
protein in the B-cell granule
ICA Multiple antigens, undefined

Tyrosine phosphatase islet antigen-2

e Common as a first detected autoantibody in young
children (157,158)

e Appearance is more common in younger children (159)

e Frequency of appearance declines with age

¢ Not informative for individuals treated with insulin,
who often develop antibodies in response to injected

insulin

e Common as a first detected autoantibody in childhood,
up until age 15 years (157,158,160)

e Adult-onset cases most often present with GADA (161)
e |s associated with slower progression to T1D (162) and
is often found as a single positive islet autoantibody,

especially in adults

Presence is associated with more advanced islet

autoimmunity and faster progression to stage 3 T1D

Presence can improve risk stratification in individuals with
single GADA™, IAAY, or IA-2A" status (164)

Detected by indirect immunofluorescence on islet cell

tissue. While not frequently measured other than in
research studies, it does add to risk determination in
the presence of other biochemical autoantibodies

IA-2A, insulinoma antigen-2 autoantibody; ICA, islet cell autoantibodies; ICA512, islet cell autoantigen 512; T1D, type 1 diabetes.
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Table 5—Attributes of current monitoring methods

Method

Pros

Cons

Phillip and Associates

Metrics obtained

Reference OGTT*

Standard OGTT+

Random glucose

Standard HbA,. test

CGM#

SMBG

C-peptide

Repeat antibody testing

Gold standard in research
settings

Used to stage disease and pre-
dict progression

Similar to test for GDM: OGTT
with 2 x blood draws (com-
pared with 3 x draws in GDM
test), performed routinely in
clinical care

One-off sample
Low cost

Highly specific for clinical diag-
nosis of stage 3 T1D

Can use capillary sample
Longitudinal HbA;. may be as
informative as OGTT (66)

Can be used at home

Can be blinded for physician
review only in some regions
Optimal duration of CGM wear
is validated in adults and chil-
dren >2 years of age with di-
agnosed T1D, at all glycemic
levels (171)

Simple to use at home
Comparatively low cost

Validated measure of B-cell
function

Stimulated C-peptide in
research settings is valuable to
assess insulin production and
distinguish between T1D (or
stages of T1D) and T2D

Confirms initial IAb™ test result
and progression to multiple
IAb" status

Requires glucose load and 2-5 blood
draws over 2 h

Requires 2 blood draws: fasting and
at2 h

Requires a blood draw or fingerstick
test
Less sensitive than 120-min OGTT

Indicates 3-month mean glucose.
Often normal in asymptomatic or
recent-onset stage 3 T1D

May be affected by age, nondiabetes
disease states (e.g., renal, hemato-
logical syndromes)

Not suitable in the home setting

Risk of anxiety for unblinded user
seeing CGM fluctuations and
experiencing alarms

Requires appropriate education on
use and interpretation

Many primary care HCPs are unfamil-
iar with interpretation

Cost and access issues

Duration of wear not validated in
early-stage T1D

Uncomfortable for users, can affect
accuracy and use

Optimal timing and frequency have
not been determined

Can be falsely low in hypoglycemia
<3.9 mmol/L (<70 mg/dL), in severe
hyperglycemia/DKA or after fasting,
so concomitant serum glucose should
be checked for interpretation

Wide range of values at clinical diag-
nosis, including >0.2 nmol/L, and
persistent, but low, levels of secre-
tion can be seen long after diagnosis
Presence of C-peptide does not ex-
clude T1D and on its own is not use-
ful for staging or diagnosis of T1D

None

¢ Glycemic staging

e Risk scores for progression
(DPTRS, DPTRS60, Index60,
M60, M120, PLS) (94,165-169)

e 120-min OGTT-derived glucose
e M120

e Similar to 120-min OGTT-
derived glucose (96) if obtained
2 h postprandially

o Risk of progression to “clinical
disease”: HbA;. >39 mmol/mol
(>5.7%) (170)

e 10% rise from baseline (at first
positive islet autoantibody)
over 3—12 months (66,67) sug-
gests dysglycemia and progres-
sion to stage 2 T1D

e Consider use of CGM if 10%
rise in HbA,. is confirmed, or
higher frequency of SMBG, to
monitor risk for progression

e Sensitive in detecting individu-
als with asymptomatic stage 3
T1D and dysglycemia in stage 2
T1D (73)

e Risk of progression to “clinical dis-
ease,” i.e.,, 10% of time with glu-
cose >7.8 mmol/L (>140 mg/dL)
has been associated with an 80%
risk of progression to T1D within
12 months (72)

e =5% time with glucose
=7.8 mmol/L (=140 mg/dL)
has been associated with a
40% risk of progression to T1D
within 2 years (71)

e Other PPV metrics not tested

¢ Immediate capillary blood
glucose test result

e 2-h postprandial measure likely
of most value

¢ A stimulated postprandial
C-peptide value =0.2 nmol/L
with IAb* status can assist
with appropriately classifying
diabetes type

e Autoantibody type and single
IAb* or multiple IAb™ status

Continued on p. 8
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Figure 1—Algorithm for monitoring of people screened positive for one or more islet autoantibodies. *Monitoring frequency and methodol-
ogy depends on age, length of time since first detection of islet autoantibody, number of islet autoantibodies detected, and presence of
symptoms of type 1 diabetes (see Table 1 and Tables 3-5). Ab, antibody; GP, general practitioner; PRN, pro re nata (as needed); Sx, symp-
toms; T1D, type 1 diabetes.
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EDUCATIONAL NEEDS

Specialist
endocrinologists
or diabetologists

Actively involved in triage and
starting insulin

Actively involved in monitoring
and intervention

Diabetes behavioral
health professionals

Diabetes education specialists

General endocrinologists
or diabetologists

Diabetes behavioral health professionals

Actively involved
in monitoring

Awareness and
support

Primary care providers

Awareness

Public health specialists

Community members and stakeholders

Individuals and families identified in need of monitoring

B Curriculum outline and competencies
explained for each skill level

B Access to education accredited by
professional bodies

M One-page visually impactful
factsheet for HCPs who are not
expert in this aspect of T1D,
explaining staging vocabulary and
value of monitoring

M Contacts for additional support
(local expert providers)

B One-page visually impactful factsheet
— what you need to know!

B Signposts to resources of value to
these groups

W Contacts for additional support (local)

B Access to education accredited by
professional bodies

Figure 2—The continuum of educational needs and competencies: what does one need to know? The image represents the anticipated skills that
must be developed within the continuum of stakeholders in monitoring presymptomatic type 1 diabetes. The groups indicated within the pyramid
sections should have the competencies described and participate as appropriate. The need is for unified, consistent, globally applicable language

at all levels. T1D, type 1 diabetes.

single-confirmed islet autoantibody posi-
tivity is a risk factor for progression to
multiple islet autoantibody positivity,
particularly during the first 2 years after
seroconversion (84,85). As children age,
relative risk for progression with each an-
tibody subtype changes (56), with an in-
creased effect for GADA with increasing
age and a reduced effect for IAA (86).

For young children, evidence indi-
cates that metabolic and autoantibody
monitoring frequency in the first 2 years
after first detection of an autoantibody is
key, as this is when spread from at-risk sin-
gle islet autoantibody positivity to early-
stage type 1 diabetes with multiple islet
autoantibody positivity is most likely. Fol-
lowing confirmed single IAb™ status, the
IAb™ evolution after 2 years predicts de-
velopment of clinical type 1 diabetes (87).
Progression to multiple IAb™ status or re-
version is also highest in the first 2 years
in single 1Ab™ preschool children, with a
hazard rate of 0.3 in the first 2 years versus
0.05 for children who have been single
IAb* for >2 years (84). Among children
with increased genetic risk, those who re-
main single IAb™ have a risk for type 1 dia-
betes of 1.8 per 100 person-years, children
who revert to negative status have a risk

of 0.14 per 100 person-years, and children
who have never been IAb™ have a risk of
0.06 per 100 person-years (83). The rate of
progression to multiple IAb™* status also
declines with age (88).

Expert Clinical Advice for Monitoring of
Single IAb™" (At-Risk) Children

e Confirm persistent single 1Ab™ status
after first detection in a second sam-
ple, preferably in a laboratory that
meets IASP standards, using two in-
dependent methods (89), and con-
firm negative status for other islet
autoantibodies. [B]

¢ [slet autoantibody status and meta-
bolic monitoring during the first
2 years after seroconversion is most
critical (51,84,85,90). Ongoing met-
abolic monitoring is not essential
beyond this 2-year period. [B]

e Children who develop type 1 diabetes
at a very young age have more rapidly
progressing and aggressive disease.
For children aged <3 years who are
single 1Ab™, monitor their IAb™ sta-
tus every 6 months for 3 years, then
annually thereafter for 3 more years.
Metabolic monitoring in children aged

<3 years should include random ve-
nous or capillary blood glucose and
HbA;. values at the same frequency
(51,84,85,87,90). If no progression, stop
autoantibody and metabolic monitoring
and counsel for risk of clinical disease. [B]

e For children aged =3 years at first
positive test, monitor 1Ab™ status an-
nually for 3 years. Metabolic monitor-
ing should include annual random
venous or capillary blood glucose and
HbA,. testing for 3 years (51,84,85,90).
If no progression after 3 years, stop
autoantibody and metabolic monitor-
ing and counsel for risk of clinical dis-
ease (51,84,85,90). [C]

e For children with single islet autoanti-
body positivity who revert to seronega-
tive during autoantibody monitoring or
do not progress (see above), education
should be provided to their families
emphasizing potential symptoms and
awareness of DKA (33,91,92). [C]

Limitation

Many data on single 1Ab™ children are
derived from groups with extended pro-
spective follow-up and known genetic risk
profiles or first-degree relatives with type 1
diabetes with limited racial/ethnic diversity.
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specific treatment should be done
when stage 2 type 1 diabetes is sus-
pected or diagnosed. [E]

4. MONITORING IN ADULTS

The Current Landscape of
Monitoring Adults Who Are at Risk of
or Have Early-Stage Type 1 Diabetes
The following guidance encompasses
monitoring of adults aged 18 years and
over, although the advice is based on out-
come data that typically reflect adults
younger than 45 years of age. Data spe-
cific to adults older than this are an impor-
tant unmet need. Epidemiological data
show that, overall, type 1 diabetes is diag-
nosed more frequently in adulthood than
in childhood (98-101), at a median of
more than 35 years of age (102,103). De-
spite this, misdiagnoses of type 1 diabetes
in adults remain common and are increas-
ingly likely with age (60), setting the scene
for development of DKA. In common with
childhood-onset type 1 diabetes, adult-
onset type 1 diabetes is associated with
the presence of islet-specific autoantibod-
ies (104-107). Although TrialNet cohort
data indicate that the rate of progression
to type 1 diabetes in IAb™ adults is slower
than that in children, many adults with
multiple IAb™ status and early-stage type 1
diabetes still develop stage 3 disease
(59). While it has been suggested that
progression in some adults may not oc-
cur and that some of those who do prog-
ress have only single islet autoantibody
positivity, further long-term follow-up
data are needed to better characterize
the long-term implications of persistent
autoimmunity in adults (108). For exam-
ple, recent data highlight the frequent
presence of islet autoimmunity in co-
horts presenting with phenotypic type 2
diabetes (109).

Guidance to inform clinical monitor-
ing practices in adults represents a
considerable unmet need. There are
many evidence-base gaps, including a
lack of information about risk of disease
progression in 1Ab™ adults without a fam-
ily history of type 1 diabetes, particularly
in individuals with non-European ances-
try. Data on suggested monitoring proto-
cols, including effectiveness in preventing
DKA and adherence with monitoring, are
substantially based on children and ado-
lescents. The frequency of DKA among
adults at diagnosis with type 1 diabetes is
unknown but believed to be lower than

that for children, given that adults may
recognize and respond to symptoms of
hyperglycemia and often have higher
C-peptide levels at clinical diagnosis and a
slower decline in {3-cell function over
time (110). However, incorrect assump-
tions leading to underdiagnosis of type 1
diabetes in adults mean many develop
DKA before starting insulin therapy.

DKA incidence at clinical diagnosis can
be reduced by participation in active
monitoring (24,26,27). Regarding fre-
guency of monitoring, modeling based on
TrialNet data suggests that conducting ap-
proximately half the number of visits in-
volved in a research setting (typically once
every 12 months rather than every 6
months) is likely to be effective in substan-
tially reducing the incidence of DKA to the
levels seen in research studies both for
children and adults (80). However, data
from the TrialNet study indicate that
adults 18 years and older are less likely
than pediatric participants to engage with
recommended monitoring using 6-12
monthly OGTT in the early phases after
screening positive for autoantibodies (81).
As with youth, adults of Black race and/or
Hispanic ethnicity are less likely to partici-
pate with monitoring in this context (81).

Most endocrinologists and primary care
HCPs will not be trained in monitoring
adults with single 1Ab™ status or early-
stage type 1 diabetes. Thus, the educa-
tional need will be significant. As with chil-
dren and adolescents, monitoring in IAb*
adults must be realistic and actionable
across diverse regions with different re-
sources. HCPs are significantly burdened
such that additional tasks for monitoring
in pre-stage 3 type 1 diabetes must be
clinically useful.

Monitoring for Single Autoantibody-
Positive At-Risk Adults

Frequency of monitoring can be based on
the stage at which an individual with islet
autoantibody positivity is diagnosed. Sin-
gle 1Ab™ adults with dysglycemia should
be monitored more frequently than those
with normoglycemia. Additional risk strati-
fication may also be possible based on
other characteristics, such as age, or mod-
ifiable factors, such as abdominal obesity.

Expert Clinical Advice for Monitoring Single
IAb* (At-Risk) Adults

e Confirm persistent single I1Ab™ status
after first detection in a second

Phillip and Associates

sample, preferably in a laboratory
that meets IASP standards, using two
independent methods (89), and con-
firm negative status for other islet
autoantibodies. [B]

e Annual metabolic monitoring should
be considered for single 1Ab™ adults
if there are additional risk factors,
including one or more of the follow-
ing: first-degree relative with type 1
diabetes; elevated genetic risk for
type 1 diabetes if tested; dysglycemia
(e.g., impaired fasting glucose or im-
paired glucose tolerance); or history
of stress hyperglycemia (111,112). [E]

o Although single IAb* adults are at
lower risk of progression to type 1
diabetes compared with children (59),
and this risk continues to fall with in-
creasing age, there remains a residual
risk for progression. The approach to
metabolic monitoring for single 1Ab™*
adults can be informed by that ap-
plied for screening for type 2 diabe-
tes, which is advised every 3 years for
normoglycemic adults aged >35 years
or who have overweight/obesity with
one or more additional risk factors
(18). A similar 3-year frequency is pro-
posed for single I1Ab™ adults to moni-
tor for risk of progression, which may
be increased to annual monitoring
with the additional risk factors identi-
fied for type 2 diabetes. [E]

¢ No type 1 diabetes monitoring is in-
dicated in individuals with transient
single islet autoantibody positivity
who then revert to being seronega-
tive. Screening for diabetes in this
group of adults should, thereafter,
follow standard-of-care guidelines for
type 2 diabetes (18). [C]

Monitoring for Multiple
Autoantibody-Positive Adults
(Early-Stage Type 1 Diabetes)

As with monitoring in single IAb™ adults,
more frequent monitoring is proposed
for individuals with multiple 1Ab™ status if
they are diagnosed with stage 2 type 1 di-
abetes compared with stage 1 type 1 dia-
betes. Risk stratification based on age,
abdominal obesity, and other modifiable
factors also applies.

Expert Clinical Advice for Monitoring Multi-
ple IAb™ (Early-Stage Type 1 Diabetes) Adults

¢ Education must be provided to rein-
force the need for and value of
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Table 6—Selected unmet needs for further research and clinical development

Unmet research needs

Phillip and Associates

¢ Long-term rates of progression to stage 3 diabetes in IAb™" individuals without a family history of T1D and progression rates in adults

and people of non-European ancestry.

e The impact of pregnancy in women who are I1Ab* and the glycemic changes that may be evident during pregnancy and in the postpar-

tum period, along with risks for progression to stage 3 T1D during and after pregnancy.
e Neonatal outcomes for infants of women who are IAb* and the association with glycemic changes during pregnancy.
o Cost-effectiveness of monitoring strategies for individuals with early-stage T1D.
e Timing of insulin initiation in people with presymptomatic T1D, including short- and long-term metabolic and mental health outcomes

of different strategies.

¢ Impact of education alone, independent of other monitoring activities, on frequency of DKA at diagnosis and presentation of T1D.
e Methods of identifying and monitoring behavioral health needs in early-stage T1D.

Unmet clinical needs

e Comprehensive and consistent educational materials that use consistent language and vocabulary when referring to diabetes stages
and risk, including translation into region-specific languages. This applies to all impacted people, from affected individuals to expert

providers.

¢ Validated tools to measure the anxiety, depression, and other mental health behaviors that are specific to early-stage T1D.
o Sufficient availability of mental health professionals with expertise in T1D, including early-stage T1D in youth and adults.

e Knowledge and coverage of appropriate monitoring by stakeholders (insurers, clinicians, etc.).

e Timely access to expert HCPs and centers of expertise for intervention(s) to delay onset of stage 3 T1D.

The key principles presented in this table and in this consensus document will be subject to updating once additional evidence becomes avail-

able. T1D, type 1 diabetes.

study protocol emphasizes parental edu-
cation regarding symptoms and signs of di-
abetes. For families new to type 1
diabetes, this education provides founda-
tional skills for diabetes management that
are a component of reduced parenting
stress at the time of stage 3 diagnosis
compared with individuals who were
members of the community control group
and did not receive education (120). Simi-
larly, families of children with early-stage
type 1 diabetes in the Frlda study are in-
vited to participate in an educational pro-
gram of blood glucose monitoring and
symptoms of hyperglycemia/DKA. They
are also provided with a guidebook specifi-
cally designed for children with early-stage
type 1 diabetes and assigned a contact
person to answer questions at any time.
Children who take part in this program
alongside metabolic monitoring have a
lower rate of DKA and reduced HbA;.
at stage 3 type 1 diabetes presentation

compared with children who declined ed-
ucation and follow-up (33). Over 50%
had no symptoms at the clinical presen-
tation of stage 3 type 1 diabetes, 93.5%
had no weight loss, and length of stay in
hospital was shorter (91,92).

Basic community awareness campaigns
not associated with monitoring and cen-
tered on the early symptoms of type 1 di-
abetes that target teachers, pediatricians,
and parents have been effective in reduc-
ing DKA rates in children in regional set-
tings (Parma in Italy [121] and Newcastle
in New South Wales, Australia [122]).
However, national campaigns in Italy and
Austria, with the same objectives, have
not seen the same impact (123,124). The
content and delivery of these campaigns
were not similar, so it is hard to draw con-
clusions about the effectiveness of this
education.

Education topics and intensity for peo-
ple with early-stage type 1 diabetes and

their families should be based on type 1
diabetes stage, age, rate of progression,
etc. First-degree relatives may have differ-
ent needs for support and guidance from
the general population, as they have an
established awareness of the implications
and impact of IAb™ status. Education
topics should be linked to specifically
timed action plans and include the topics
detailed below. Education can be tailored
so it is uniquely appropriate for both stage 1
and stage 2 type 1 diabetes (Table 1).
Clinical practitioners with experience in
early-stage type 1 diabetes should be in-
volved in the later steps of education.

When Should Education Be
Provided?

The needs for education are centered on
the key moments in the life of the person
with early-stage type 1 diabetes (119).
These are at the point of a positive auto-
antibody screen, at diagnosis of each

Table 7—The primary goals of education for care of IAb* individuals and their families

1. To prevent DKA and promote safe monitoring practices and reduce the occurrence of symptoms of diabetes.

2. To minimize the requirement for emergency care, hospital admission and need for intensive care at diagnosis of T1D.

3. To improve appropriate risk perception at each monitoring milestone.

4. To understand specific outcomes, e.g., prevention of DKA, initiation of insulin therapy.

5. To understand available interventions.

6. To explore and understand the benefits of individual participation in research studies.

7. To provide education that supports psychosocial interventions to optimize general health and mental health for affected individuals and their families.

T1D, type 1 diabetes.
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are most commonly reported, with extra
monitoring at home (including blood glu-
cose checking) being particularly common
in families with someone who already
has type 1 diabetes (141,142).

Research has documented the psycho-
social impact of newborn screening (143)
as well as genetic and islet autoantibody
screening for type 1 diabetes (132,136).
Failure to understand the screening and
risk information presented is common. For
example, more than a third of participating
mothers and over half of participating fa-
thers in the TEDDY study stated that their
child was not at increased risk for type 1
diabetes, despite being clearly informed of
their child’s increased genetic risk (137). To
date, no data are available on how chil-
dren screened positive for islet autoanti-
bodies perceive or react to their risk.

Emotional distress in response to a
positive islet autoantibody screen is also
common. Many parents of children in the
TEDDY study experienced anxiety after
learning that their child was at increased
risk for developing type 1 diabetes, with
mothers reporting higher anxiety than fa-
thers (132). Although anxiety decreased
across time for parents of 1Ab™ children
who never developed additional autoan-
tibodies, anxiety remained elevated in
many parents of children with multiple
autoantibodies for years after the child’s
first IAb™ test result. Mothers who expe-
rienced negative interpersonal life events
and postpartum depression, but who
were accurate about their child’s type 1
diabetes risk, were particularly vulnera-
ble to heighted anxiety (144). In the
Autoimmunity Screening for Kids (ASK)
study, which conducted islet autoanti-
body screening in the general population,
74.4% of parents reported significant lev-
els of anxiety about their child’s type 1 di-
abetes risk at the first follow-up visit;
parents with lower educational attain-
ment were more likely to exhibit higher
levels of anxiety (145).

Around 40% of mothers and 20% of fa-
thers in the Frlda study reported clinically
elevated symptoms of depression after
learning that their child was at increased
risk for type 1 diabetes compared with
around 18% of mothers and fathers of
children who were |IAb™~ (24). Depressive
symptoms declined across 1 year, with
scores in mothers of IAb™ children re-
maining slightly elevated compared with
mothers of IAb~ children; scores in fa-
thers did not remain elevated.

Although both the ADA and ISPAD
have published recommendations about
the psychosocial care of individuals with
stage 3 type 1 diabetes (146—148), these
are limited to general principles for care
of those with early-stage type 1 diabetes
(149). Thus, there is an urgent need to
provide guidance on psychosocial support
for individuals with type 1 diabetes—
related autoantibodies and their families.

We recognize regional differences in
health care resources may limit mental
health resources for care of people with
diabetes. In most areas, there are insuffi-
cient mental and behavioral health profes-
sionals with expertise in the psychosocial
aspects of type 1 diabetes who can pro-
vide the care recommended by the ADA
and ISPAD (146-148).

What Is the Purpose of Psychosocial
Support?

The overall goal of providing psychosocial
support for individuals identified as hav-
ing early-stage type 1 diabetes and their
families is to assist them in successfully
managing the psychosocial impacts asso-
ciated with this life-changing news. To ac-
complish this goal, emotional, cognitive,
and behavioral functioning need to be as-
sessed and addressed not only in individuals
with type 1 diabetes—related autoantibodies
but in their family members as well, when
appropriate.

What Type of Support Should Be
Provided?

The essential first step is to ask the indi-
vidual who is at risk for type 1 diabetes
and/or their caregivers and family mem-
bers about their reactions upon receiving
the news that they have type 1 diabetes—
related autoantibodies. However, asking
once is not enough, as adjustment to au-
toantibody status may change over time
(132). Inquiring about how individuals are
coping with the news and their current
needs should be conducted at every
monitoring visit. Examples of questions to
include in the conversation include:

1. How do you feel about this news?

2. Others have said this news brings
feelings of sadness or worry, what
are your feelings?

3. What is your understanding about
having multiple autoantibodies?

4. What type of things are you doing
to try to prevent type 1 diabetes?

Phillip and Associates

5. What are your thoughts about talk-
ing with a counselor about your
feelings from this news?

Providers can also assess global symp-

toms of anxiety and depression using

age-appropriate standardized and vali-
dated questionnaires, such as the Patient

Health Questionnaire-9 (PHQ-9) for de-

pression (150) or the Hamilton Anxiety

Scale (151). However, global measures of

anxiety and depression may not be sensi-

tive to the emotional impact specifically

associated with learning that one—or a

loved one—has type 1 diabetes autoanti-

bodies. In such cases, measures that as-
sess emotional reactions to the 1Ab™
status, such as the “State” component of

the State-Trait Anxiety Inventory (152),

may be more appropriate. At a minimum,

HCPs should have conversations with indi-

viduals about their reactions to IAb™ re-

sults rather than relying solely on global
measures of psychosocial functioning. As-
sessments should occur at regular inter-
vals, since reactions are likely to change
over time. Additional measures for both
depression and anxiety in diabetes are
provided in the ADA psychosocial care for
people with diabetes position statement

(147), along with a directory of mental

health providers (https://my.diabetes.org/

health-directory) (153).

It is also important to consider develop-
mental and family-specific factors when
assessing psychosocial needs. For exam-
ple, children and adolescents with type 1
diabetes autoantibodies may experience
varied emotional, cognitive, and behav-
ioral impacts as they develop. This further
emphasizes the need for ongoing, regular
assessment of psychosocial needs. Addi-
tionally, individuals with a family history
of type 1 diabetes may react differently to
learning about type 1 diabetes—related
autoantibodies (141) compared with
those who are unfamiliar with the dis-
ease; family context and prior experi-
ence with type 1 diabetes are important
considerations when assessing psycho-
social impact and the need for additional
support.

Although increased anxiety and de-
pression can occur in individuals with
type 1 diabetes—related autoantibodies
and their family members, this can be re-
duced by monitoring for the potential
development of type 1 diabetes (120).
Providing individuals with regular moni-
toring for type 1 diabetes, depending on
stage, as outlined in earlier sections of

¥20Z AInf 9} uo 3senb Aq 4pd z100¥21oP/0S61.LL/Z00-72I9P/LEET 0L /10P/Pd-8oiME/a180/610"S|BUINO[SB}EqEIP//:d}Y WOl PapEojumog


https://my.diabetes.org/health-directory
https://my.diabetes.org/health-directory
https://diabetesjournals.org/care

Downloaded from http://diabetesjournals.org/care/article-pdf/doi/10.2337/dci24-0042/774950/dci240042.pdf by guest on 16 July 2024



diabetesjournals.org/care

from Medtronic, Imcyse, Novo Nordisk, Sanofi,
and ActoBio Therapeutics. C.M. serves or has
served on speakers bureaus for Novo Nordisk,
Sanofi, Eli Lilly and Company, Medtronic, and
Boehringer Ingelheim. Financial compensation
for these activities has been received by KU
Leuven. C.M. is president of EASD. All external
support of EASD is to be found on www.easd
.org. H.K.O/D. received compensation from Sa-
nofi for attending their advisory board and for
speaking at ADA 84th Scientific Sessions.
R.P-B. has received payment or honoraria
from Bayer, Lexicon Pharma, Novo Nordisk,
Averitas Pharma, Nevro, Roche, and Med-
tronic. M.J.R. has received honoraria and
grants from Sanofi. K.M.S. has received con-
sultancy fees, grants, or honoraria from Pro-
vention Bio and Sanofi. E.K.S. has received
consulting fees from Sanofi and DRI Health-
care and has received payment for lectures
from Health Matters CME, Medscape, Med
Learning Group LLC, and the ADA. J.S.S. has
been a scientific advisory board member for
4lmmune, ActoBiotics, Avotres, and Quell
Therapeutics. J.S.S. has been a data safety
board member for Imcyse and Provention Bio
and is a member of the board of directors for
SAB Therapeutics. J.S.S. has been an advisor
or consultant for ImmunoMolecular Therapeu-
tics, Novo Nordisk, Remedy Plan, Inc., SAB
Therapeutics, and Sanofi. J.S.S. has shares of
or is an option holder for 4immune, Avotres,
ImmunoMolecular Therapeutics, Remedy Plan,
Inc., and SAB Therapeutics. C.S. has received
research funding from Cour Pharmaceuticals
and consultancy fees from Sanofi and GentiBio.
L.A.D. has received research support to their in-
stitution from Dompé, Lilly, MannKind Corp.,
Medtronic, Provention/Sanofi, and Zealand and
consulting fees from Vertex Pharmaceuticals and
Abata. LA.D. has a patent pending for difluoro-
methylornithine (DFMO). No other potential con-
flicts of interest relevant to this article were
reported.

Author Contributions. All listed authors
were responsible for drafting the consensus
guidance article and reviewing it critically for
important intellectual content. All authors ap-
proved the final draft version of the manu-
script submitted for publication.

Prior Presentation. Parts of this work were
presented at the 17th International Confer-
ence on Advanced Technologies & Treatments
for Diabetes Conference, Florence, Italy, 6-9
March 2024, and at the ADA 84th Scientific
Sessions, Orlando, FL, 21-24 June 2024.

References

1. Gorsuch AN, Spencer KM, Lister J, et al.
Evidence for a long prediabetic period in type |
(insulin-dependent) diabetes mellitus. Lancet
1981;2:1363-1365

2. Riley WJ, Atkinson MA, Schatz DA, Maclaren
NK. Comparison of islet autoantibodies in ‘pre-
diabetes’ and recommendations for screening. J
Autoimmun 1990;3 Suppl 1:47-51

3. Hirsch JS. FDA approves teplizumab: a
milestone in type 1 diabetes. Lancet Diabetes
Endocrinol 2023;11:18

4. American Diabetes Association Professional
Practice Committee. 3. Prevention or delay of
diabetes and associated comorbidities: Standards

of Care in Diabetes—2024. Diabetes Care 2024;
47:543-S51

5. TEDDY Study Group. The Environmental
Determinants of Diabetes in the Young (TEDDY)
study. Ann N Y Acad Sci 2008;1150:1-13

6. Frohnert BI, Ide L, Dong F, et al. Late-onset
islet autoimmunity in childhood: the Diabetes
Autoimmunity Study in the Young (DAISY).
Diabetologia 2017;60:998-1006

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

8. Hamman RF, Bell RA, Dabelea D, et al;
SEARCH for Diabetes in Youth Study Group. The
SEARCH for Diabetes in Youth study: rationale,
findings, and future directions. Diabetes Care 2014;
37:3336-3344

9. Raab J, Haupt F, Scholz M, et al.; Frida Study
Group. Capillary blood islet autoantibody screening
for identifying pre-type 1 diabetes in the general
population: design and initial results of the Frlda
study. BMJ Open 2016;6:€011144

10. Bingley PJ, Wherrett DK, Shultz A, Rafkin LE,
Atkinson MA, Greenbaum CJ. Type 1 diabetes
TrialNet: a multifaceted approach to bringing
disease-modifying therapy to clinical use in type 1
diabetes. Diabetes Care 2018;41:653—-661

11. Lamichhane S, Ahonen L, Dyrlund TS, et al.
Dynamics of plasma lipidome in progression to
islet autoimmunity and type 1 diabetes-Type 1
Diabetes Prediction and Prevention Study (DIPP).
Sci Rep 2018;8:10635

12. Butty V, Campbell C, Mathis D, Benoist C, DPT-
1 Study Group. Impact of diabetes susceptibility
loci on progression from pre-diabetes to diabetes
in at-risk individuals of the diabetes prevention
trial-type 1 (DPT-1). Diabetes 2008;57:2348-2359
13. European Nicotinamide Diabetes Intervention
Trial Group. Intervening before the onset of type 1
diabetes: baseline data from the European
Nicotinamide Diabetes Intervention Trial (ENDIT).
Diabetologia 2003;46:339-346

14. Dunger DB, Bruggraber SFA, Mander AP,
et al.; INNODIA Consortium. INNODIA master
protocol for the evaluation of investigational
medicinal products in children, adolescents and
adults with newly diagnosed type 1 diabetes.
Trials 2022;23:414

15. Ziegler AG, Hummel M, Schenker M,
Bonifacio E. Autoantibody appearance and risk
for development of childhood diabetes in offspring
of parents with type 1 diabetes: the 2-year analysis
of the German BABYDIAB Study. Diabetes 1999;48:
460-468

16. Besser REJ, Bell KJ, Couper JJ, et al. ISPAD
clinical practice consensus guidelines 2022: stages
of type 1 diabetes in children and adolescents.
Pediatr Diabetes 2022;23:1175-1187

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

18. ElSayed NA, Aleppo G, Aroda VR, et al;
American Diabetes Association. Addendum. 2.
Classification and diagnosis of diabetes: Standards
of Care in Diabetes—2023. Diabetes Care 2023;46
(Suppl. 1):519-540. Diabetes Care 2023;46:1715
19. Blonde L, Umpierrez GE, Reddy SS, et al.
American Association of Clinical Endocrinology
clinical practice guideline: developing a diabetes

Phillip and Associates

mellitus comprehensive care plan—2022 update.
Endocr Pract 2022;28:923-1049

20. Insel RA, Dunne JL, Ziegler A-G. General
population screening for type 1 diabetes: has its
time come? Curr Opin Endocrinol Diabetes Obes
2015;22:270-276

21. Simmons KMW, Frohnert Bl, O’Donnell HK,
et al. Historical insights and current perspectives on
the diagnosis and management of presymptomatic
type 1 diabetes. Diabetes Technol Ther 2023;25:
790-799

22. Herold KC, Bundy BN, Long SA, et al.; Type 1
Diabetes TrialNet Study Group. An anti-CD3
antibody, teplizumab, in relatives at risk for type 1
diabetes. N Engl ) Med 2019;381:603—-613

23. Besser REJ, Ng SM, Gregory JW, Dayan CM,
Randell T, Barrett T. General population screening
for childhood type 1 diabetes: is it time for a UK
strategy? Arch Dis Child 2022;107:790-795

24. Ziegler A-G, Kick K, Bonifacio E, et al.; Frlda
Study Group. Yield of a public health screening
of children for islet autoantibodies in Bavaria,
Germany. JAMA 2020;323:339-351

25. American Diabetes Association Professional
Practice Committee. 2. Diagnosis and classification
of diabetes: Standards of Care in Diabetes—2024.
Diabetes Care 2024;47:520-542

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

27. Lundgren M, Sahlin A, Svensson C, et al.; DiPiS
Study Group. Reduced morbidity at diagnosis and
improved glycemic control in children previously
enrolled in DiPiS follow-up. Pediatr Diabetes
2014;15:494-501

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

29. Hekkala AM, llonen J, Toppari J, Knip M,
Veijola R. Ketoacidosis at diagnosis of type 1
diabetes: effect of prospective studies with
newborn genetic screening and follow up of risk
children. Pediatr Diabetes 2018;19:314-319

30. Jacobsen LM, Vehik K, Veijola R, et al.;
TEDDY Study Group. Heterogeneity of DKA
incidence and age-specific clinical characteristics
in children diagnosed with type 1 diabetes in the
TEDDY study. Diabetes Care 2022;45:624-633

31. Barker JM, Goehrig SH, Barriga K, et al.;
DAISY Study. Clinical characteristics of children
diagnosed with type 1 diabetes through intensive
screening and follow-up. Diabetes Care 2004;27:
1399-1404

32. Rewers A, Dong F, Slover RH, Klingensmith
GJ, Rewers M. Incidence of diabetic ketoacidosis
at diagnosis of type 1 diabetes in Colorado youth,
1998-2012. JAMA 2015;313:1570-1572

33. Hummels, CarlJ, FriedI N, et al.; Frlda Study
Group. Children diagnosed with presymptomatic
type 1 diabetes through public health screening
have milder diabetes at clinical manifestation.
Diabetologia 2023;66:1633-1642

34. Winkler C, Schober E, Ziegler A-G, Holl RW.
Markedly reduced rate of diabetic ketoacidosis at
onset of type 1 diabetes in relatives screened for

¥20Z AInf 9} uo 3senb Aq 4pd z100¥21oP/0S61.LL/Z00-72I9P/LEET 0L /10P/Pd-8oiME/a180/610"S|BUINO[SB}EqEIP//:d}Y WOl PapEojumog


http://www.easd.org
http://www.easd.org
https://diabetesjournals.org/care

Downloaded from http://diabetesjournals.org/care/article-pdf/doi/10.2337/dci24-0042/774950/dci240042.pdf by guest on 16 July 2024



diabetesjournals.org/care

diabetes in autoantibody positive children. J Clin
Endocrinol Metab 2019;104:3337-3344

78. Montaser E, Brown SA, DeBoer MD, Farhy LS.
Predicting the risk of developing type 1 diabetes
using a one-week continuous glucose monitoring
home test with classification enhanced by machine
learning: an exploratory study. J Diabetes Sci
Technol 2024;18:257-265

79. 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 increments, and standardized
liquid mixed meal breakfasts, with classification
enhanced by machine learning. Diabetes Technol
Ther 2023;25:631-642

80. 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;108:688-696

81. Sims EK, Geyer S, Johnson SB, et al.; Type 1
Diabetes TrialNet Study Group. Erratum. Who is
enrolling? The path to monitoring in Type 1
Diabetes TrialNet's Pathway to Prevention. Diabetes
Care 2019;42:2228-2236. Diabetes Care 2019;43:
934-936

82. Kimpimaki T, Kulmala P, Savola K, et al.
Natural history of B-cell autoimmunity in young
children with increased genetic susceptibility to
type 1 diabetes recruited from the general
population. J Clin Endocrinol Metab 2002;87:
4572-4579

83. Vehik K, Lynch KF, Schatz DA, et al.; TEDDY
Study Group. Reversion of B-cell autoimmunity
changes risk of type 1 diabetes: TEDDY study.
Diabetes Care 2016;39:1535-1542

84. Krischer JP, Liu X, Lernmark A, et al.; TEDDY
Study Group. Predictors of the initiation of islet
autoimmunity and progression to multiple
autoantibodies and clinical diabetes: the TEDDY
study. Diabetes Care 2022;45:2271-2281

85. Chmiel R, Giannopoulou EZ, Winkler C,
Achenbach P, Ziegler A-G, Bonifacio E. Progression
from single to multiple islet autoantibodies often
occurs soon after seroconversion: implications for
early screening. Diabetologia 2015;58:411-413

86. So M, O'Rourke C, Ylescupidez A, et al.
Characterising the age-dependent effects of risk
factors on type 1 diabetes progression. Diabetologia
2022;65:684-694

87. Anand V, Li Y, Liu B, et al.; T1DI Study
Group. Islet autoimmunity and HLA markers of
presymptomatic and clinical type 1 diabetes: joint
analyses of prospective cohort studies in Finland,
Germany, Sweden, and the U.S. Diabetes Care
2021;44:2269-2276

88. Bonifacio E, WeilR A, Winkler C, et al.; TEDDY
Study Group. An age-related exponential decline in
the risk of multiple islet autoantibody seroconversion
during childhood. Diabetes Care 2021;44:2260-2268
89. Bonifacio E. Predicting type 1 diabetes using
biomarkers. Diabetes Care 2015;38:989-996

90. Bingley PJ, Boulware DC, Krischer JP, Type 1
Diabetes TrialNet Study Group. The implications of
autoantibodies to a single islet antigen in relatives
with normal glucose tolerance: development of
other autoantibodies and progression to type 1
diabetes. Diabetologia 2016;59:542-549

91. Schneider J, Gemulla G, Kiess W, Berner R,
Hommel A. Presymptomatic type 1 diabetes and

disease severity at onset. Diabetologia 2023;66:
2387-2388

92. Hummel S, Friedl N, Winkler C, Ziegler A-G,
Achenbach P, Frida Study Group. Presymptomatic
type 1 diabetes and disease severity at onset.
Reply to Schneider J, Gemulla G, Kiess W et al
[letter]. Diabetologia 2023;66:2389-2390

93. Ghalwash M, Dunne JL, Lundgren M, et al.;
Type 1 Diabetes Intelligence Study Group. Two-
age islet-autoantibody screening for childhood
type 1 diabetes: a prospective cohort study.
Lancet Diabetes Endocrinol 2022;10:589-596

94. Weiss A, Zapardiel-Gonzalo J, Voss F, et al.;
Frlda Study Group. Progression likelihood score
identifies substages of presymptomatic type 1
diabetes in childhood public health screening.
Diabetologia 2022;65:2121-2131

95. So M, O’Rourke C, Bahnson HT, Greenbaum
CJ, Speake C. Autoantibody reversion: changing
risk categories in multiple-autoantibody-positive
individuals. Diabetes Care 2020;43:913-917

96. 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
2015,58:1787-1796

97. Herold KC, Gitelman SE, Gottlieb PA, Knecht
LA, Raymond R, Ramos EL. Teplizumab: a disease-
modifying therapy for type 1 diabetes that
preserves [3-cell function. Diabetes Care 2023;46:
1848-1856

98. Thunander M, Petersson C, Jonzon K, et al.
Incidence of type 1 and type 2 diabetes in adults
and children in Kronoberg, Sweden. Diabetes Res
Clin Pract 2008;82:247-255

99. Rogers MAM, Kim C, Banerjee T, Lee JM.
Fluctuations in the incidence of type 1 diabetes
in the United States from 2001 to 2015: a
longitudinal study. BMC Med 2017;15:199

100. Weng J, Zhou Z, Guo L, et al.; T1D China
Study Group. Incidence of type 1 diabetes in
China, 2010-13: population based study. BMJ
2018;360:j5295

101. Diaz-Valencia PA, Bougnéres P, Valleron
A-J. Global epidemiology of type 1 diabetes in
young adults and adults: a systematic review.
BMC Public Health 2015;15:255

102. Thomas NJ, Hill AV, Dayan CM, et al.;
StartRight Study Group. Age of diagnosis does
not alter the presentation or progression of
robustly defined adult-onset type 1 diabetes.
Diabetes Care 2023;46:1156-1163

103. Gregory GA, Robinson TIG, Linklater SE,
et al,; International Diabetes Federation Diabetes
Atlas Type 1 Diabetes in Adults Special Interest
Group. Global incidence, prevalence, and mortality
of type 1 diabetes in 2021 with projection to 2040:
a modelling study. Lancet Diabetes Endocrinol
2022;10:741-760

104. Hawa M, Kolb H, Schloot N, et al.; Action
LADA Consortium. Adult-onset autoimmune
diabetes in Europe is prevalent with a broad
clinical phenotype: Action LADA 7. Diabetes Care
2013;36:908-913

105. Xiang Y, Huang G, Zhu Y, et al. Identification
of autoimmune type 1 diabetes and multiple
organ-specific autoantibodies in adult-onset non-
insulin-requiring diabetes in China: a population-
based multicentre nationwide survey. Diabetes
Obes Metab 2019;21:893-902

106. Rolandsson O, Hampe CS, Sharp SJ, et al.
Autoimmunity plays a role in the onset of diabetes
after 40 years of age. Diabetologia 2020;63:266-277

Phillip and Associates

107. Yasui J, Kawasaki E, Tanaka S, et al.; Japan
Diabetes Society Committee on Type 1 Diabetes
Mellitus Research. Clinical and genetic characteristics
of non-insulin-requiring glutamic acid decarboxylase
(GAD) autoantibody-positive diabetes: a nationwide
survey in Japan. PLoS One 2016;11:e0155643

108. Hanna SJ, Powell WE, Long AE, et al. Slow
progressors to type 1 diabetes lose islet auto-
antibodies over time, have few islet antigen-
specific CD8+ T cells and exhibit a distinct
CD95hi B cell phenotype. Diabetologia 2020;63:
1174-1185

109. Brooks-Worrell B, Hampe CS, Hattery EG,
et al.; GRADE Beta-Cell Ancillary Study Network.
Islet autoimmunity is highly prevalent and
associated with diminished B-cell function in
patients with type 2 diabetes in the GRADE study.
Diabetes 2022;71:1261-1271

110. Greenbaum CJ, Beam CA, Beam CA,
Boulware D, et al. Fall in C-peptide during first 2
years from diagnosis: evidence of at least two
distinct phases from composite Type 1 Diabetes
TrialNet data. Diabetes 2012;61:2066—-2073

111. American Diabetes Association. Screening for
type 2 diabetes. Diabetes Care 2004;27:s11-s14
112. US. Preventive Services Task Force 2021.
Prediabetes and type 2 diabetes: screening.
Available from www.uspreventiveservicestaskforce
.org/uspstf/recommendation/screening-for-
prediabetes-and-type-2-diabetes. Accessed 3 May
2024

113. Igbal S, Jayyab AA, Alrashdi AM, Reverté-
Villarroya S. The predictive ability of C-peptide
in distinguishing type 1 diabetes from type 2
diabetes: a systematic review and meta-analysis.
Endocr Pract 2023;29:379-387

114. Lobner K, Knopff A, Baumgarten A, et al.
Predictors of postpartum diabetes in women with
gestational diabetes mellitus. Diabetes 2006;55:
792-797

115. Dirar AM, Doupis J. Gestational diabetes
from A to Z. World J Diabetes 2017;8:489-511
116. Murphy HR, Howgate C, O’Keefe J, et al,;
National Pregnancy in Diabetes (NPID) Advisory
Group. Characteristics and outcomes of pregnant
women with type 1 or type 2 diabetes: a 5-year
national population-based cohort study. Lancet
Diabetes Endocrinol 2021;9:153-164

117. Evers IM, de Valk HW, Visser GHA. Risk of
complications of pregnancy in women with type 1
diabetes: nationwide prospective study in the
Netherlands. BMJ 2004;328:915

118. Simmons D, Immanuel J, Hague WM,
et al. Treatment of gestational diabetes mellitus
diagnosed early in pregnancy. N Engl J Med
2023;388:2132-2144

119. Davis J, Fischl AH, Beck J, et al. Erratum. 2022
National standards for diabetes self-management
education and support. Diabetes Care 2022;45:
484494, Diabetes Care 2022;45:1298-1294

120. Smith LB, Liu X, Johnson SB, et al.; TEDDY
Study Group. Family adjustment to diabetes
diagnosis in children: can participation in a study
on type 1 diabetes genetic risk be helpful?
Pediatr Diabetes 2018;19:1025-1033

121. Vanelli M, Chiari G, Ghizzoni L, Costi G,
Giacalone T, Chiarelli F. Effectiveness of a
prevention program for diabetic ketoacidosis in
children. An 8-year study in schools and private
practices. Diabetes Care 1999;22:7-9

122. Patwardhan R, Gorton S, Vangaveti VN, Yates
J. Diabetic ketoacidosis incidence in children at first

¥20Z AInf 9} uo 3senb Aq 4pd z100¥21oP/0S61.LL/Z00-72I9P/LEET 0L /10P/Pd-8oiME/a180/610"S|BUINO[SB}EqEIP//:d}Y WOl PapEojumog


http://www.uspreventiveservicestaskforce.org/uspstf/recommendation/screening-for-prediabetes-and-type-2-diabetes
http://www.uspreventiveservicestaskforce.org/uspstf/recommendation/screening-for-prediabetes-and-type-2-diabetes
http://www.uspreventiveservicestaskforce.org/uspstf/recommendation/screening-for-prediabetes-and-type-2-diabetes
https://diabetesjournals.org/care

Downloaded from http://diabetesjournals.org/care/article-pdf/doi/10.2337/dci24-0042/774950/dci240042.pdf by guest on 16 July 2024


https://my.diabetes.org/health-directory
https://my.diabetes.org/health-directory

diabetesjournals.org/care

Phillip and Associates 23

169. Sosenko JM, Skyler JS, Palmer JP, Diabetes
Type 1 TrialNet and Diabetes Prevention Trial-
Type 1 Study Groups. The development, validation,
and utility of the Diabetes Prevention Trial-Type 1
risk score (DPTRS). Curr Diab Rep 2015;15:49

170. Helminen O, Pokka T, Tossavainen P, llonen J,
Knip M, Veijola R. Continuous glucose monitoring
and HbA1c in the evaluation of glucose metabolism
in children at high risk for type 1 diabetes mellitus.
Diabetes Res Clin Pract 2016;120:89-96

171. Raghinaru D, Calhoun P, Bergenstal RM,
Beck RW. The optimal duration of a run-in period
to initiate continuous glucose monitoring for a
randomized trial. Diabetes Technology Ther 2022;
24:868-872

¥20Z AInf 9} uo 3senb Aq 4pd z100¥21oP/0S61.LL/Z00-72I9P/LEET 0L /10P/Pd-8oiME/a180/610"S|BUINO[SB}EqEIP//:d}Y WOl PapEojumog


https://diabetesjournals.org/care

