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Abstract

Purpose of Review Summarize recent literature on: understanding of and emotional reactions to type 1 diabetes (T1D) risk;
willingness to be screened; behavioral responses to T1D-risk screening results; and provider attitudes/concerns about gen-
eral population screening.

Recent Findings Difficulty understanding what it means to be at increased risk for T1D is common; anxiety about increased
risk may occur, particularly in multiple islet autoantibody positive (IA+) individuals. Many are hesitant to be screened or to
be medically monitored if at increased risk. Those at risk may engage in behaviors to try to prevent T1D. Providers are often
cautious about general population screening, with concerns about associated anxiety paramount.

Summary Understanding the psychosocial implications of T1D-risk screening is critical to its success. Interventions are
needed to improve understanding of the purpose, procedures and consequences of screening, what it means to be at risk,
and ways to cope with associated anxiety. The psychosocial impact of a Stage 1 or Stage 2 T1D diagnosis needs clarifica-
tion and the availability of drugs to delay disease onset is likely to have a significant impact on the decision to be screened
and monitored if at-risk for T1D. The impact of screening on children as well as their role in screening/medical monitoring
decision-making needs to be addressed.
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SAI State Component of the State-Trait Anxiety
Inventory

SAIC State Component of the State-Trait Anxiety
Inventory for Children

TEDDY  The Environmental Determinates of Diabetes
in the Young

T1D Type 1 Diabetes

T2D Type 2 Diabetes

USPSTF  United States Preventative Services Task
Force

Introduction

We last reviewed this literature 14 years ago [1]. At that
time, screening for type 1 diabetes (T1D) risk was primarily
focused on genetic markers. Much has changed since then.
Human leukocyte antigen (HLA) loci on chromosome 6
are associated with approximately half the genetic risk for
T1D [2]. However, the majority of children with the high-
est HLA genetic risk never go on to develop T1D. Among
those with the highest genetic risk but no family history
of T1D, approximately 5% will develop the disease; the
risk increases to 20% if the child has a first degree relative
(FDR) with T1D [3]. However, the development of T1D-
related islet autoantibodies (IA) indicates that the autoim-
mune process associated with destruction of the insulin
producing cells in the pancreas has begun, increasing the
child’s risk for T1D. About half of children who develop
a single 1A revert to autoantibody negative status. But of
those who develop a persistent, single 1A, approximately
15% will develop T1D within 10 years. If the child devel-
ops two persistent IAs, the risk is much greater: 85% will
develop T1D within 15 years [4]. Based on the extremely
high risk associated with multiple [As, a staging model for
T1D was proposed in 2015 and has guided research ever
since. Stage 1 T1D was defined as the presence of > 2 IAs
with normal glucose metabolism. Stage 2 T1D was defined
as > 2 [As with dysglycemia. Stage 3 T1D was defined as
symptomatic clinical disease meeting American Diabetes
Association (ADA) diagnostic criteria for diabetes [5]. This
has led to an increased interest in IA screening to identify
those in Stage 1 and Stage 2 T1D. In November of 2022,
the United States Food and Drug Administration (FDA)
approved the first drug to be used to delay T1D onset in
Stage 2 individuals [6], further increasing interest in screen-
ing programs that go beyond FDRs of individuals with T1D
and include the general population with no family history
of the disease. There are numerous general population A
screening programs underway including the Autoimmunity
Screening in Kids (ASK) in Colorado [7], Frlda in Germany
[8], Australian General Population Screening Program [9],
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EarLy Surveillance for Autoimmune diabetes (ELSA) in the
United Kingdom [10], and Israeli Pediatric General Popu-
lation for Detection of Pre-symptomatic Type 1 Diabetes
(ADIR) [11]. Currently, the United States Preventative Ser-
vices Task Force (USPSTF) does not recommend general
population screening for IA and the ADA recommends [A
screening only for first-degree relatives of individuals with
the disease (FDRs) [12]. However, both the ADA and the
International Society of Pediatric and Adolescent Diabetes
(ISPAD) have published guidance on monitoring for indi-
viduals in Stage 1 and Stage 2 T1D and have articulated
several advantages associated with early identification of
individuals at high risk for T1D. These include minimiza-
tion of diabetic ketoacidosis (DKA) and emergency care
due to early detection of clinical Stage 3 T1D and possible
access to interventions to delay the disease or clinical trials
designed to delay or prevent Stage 3 T1D [3, 4].

Despite these potential benefits, screening for T1D risk
presents a number of significant challenges. First, no single
IA assay is considered definitive. IA test results can vary
between laboratories and between assay type. Consequently,
IA tests should be conducted in approved laboratories and
confirmed by a second test [3]. Second, most of the research
on genetic risk scores and T1D staging has been done with
white European populations; their applicability to other
populations remains unclear [2]. Even within white Euro-
pean populations, the time between diagnosis of Stage 1,
or even Stage 2 T1D, and the development of Stage 3 clini-
cal disease is highly variable. It may take many years for
some early stage T1D patients to develop clinical disease
[13], requiring significant resources to monitor Stage 1 and
Stage 2 T1D patients over potentially long periods of time.
Finally, progression from one stage to another is often not
linear; individuals may fluctuate between stages or different
markers of disease progression (e.g., HbA1C, oral glucose
tolerance test (OGTT), continuous glucose monitors) may
yield conflicting results. In some cases, IA + results may
disappear [13]. All of this can create a sense of confusion
and unpredictability in individuals diagnosed with Stage 1
or Stage 2 T1D.

The purpose of this review is to provide an update on
the psychosocial impact of screening for T1D risk. This
review is timely because both the ADA and ISPAD guide-
lines on monitoring individuals with Stage 1 or Stage 2 T1D
highlight the importance of both education and psychoso-
cial support as part of the monitoring protocol. As before,
we will cover three areas: what people understand about
screening and its results; what emotional reactions people
have to T1D-risk screening results; and what, if anything,
do individuals do in response to offers to be screened and
what do they do in response to learning they are at high risk
for T1D. Previously, screening for T1D risk was confined
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to research studies. With the push toward T1D-risk screen-
ing outside of research settings, primary care providers are
likely to be involved in this endeavor. Consequently, we
have also included a section on provider attitudes and con-
cerns about general population screening for T1D risk. We
conclude with what we consider to be the major challenges
that need priority attention.

Understanding T1D Risk

Disease risk is a difficult concept for adults to understand. A
recent review of Newborn Screening Programs documented
that parents were often uninformed about the screening
program and implications of positive results [14]. Adults
at increased risk for type 2 diabetes (T2D) - due to fam-
ily history, gestational diabetes or other factors - commonly
underestimate their risk for T2D [15-18]. The Environmen-
tal Determinants of Diabetes in the Young (TEDDY) study
screened over 420,000 newborns in the US, Germany, Fin-
land and Sweden for T1D-related HLA alleles; over 21,000
at-risk newborns were identified and 8676 joined the TEDDY
study. Parents of these children were fully informed of their
child’s increased risk for T1D. When ask about their child’s
risk, more than 80% of mothers with T1D in the immediate
family were accurate about their child’s increased risk. In
contrast, only 60% of mothers and less than half of fathers
of children from the general population — with no history of
T1D - perceived their child as at increased risk. Less edu-
cated parents and those from ethnic-minority populations
were less likely to believe their child was at increased risk
[19]. Similar results were reported in a New Zealand study;
12 years after parents were informed that their child had
increased genetic risk for T1D, no child had developed T1D
and one child had developed a single IA. At that time, only
half of the parents reported they believed their child was
at increased risk for T1D [20]. The ASK study screens the
general population for evidence of IA; those who screen
positive are invited into a monitoring phase of the study.
Less than half of parents who brought their IA + child into
a monitoring visit believed their child was at increased risk
for T1D. Consistent with the TEDDY findings, coming from
the general population with no history of T1D, lower par-
ent education and coming from the Hispanic community
were associated with underestimating the child’s risk for
T1D. However, parents of multiple IA + children were more
likely to perceive their child as increased risk, possibly due
to study staff efforts to convince this particularly high risk
group to enter ASK’s monitoring phase [7].

Although research in this area has focused primarily
on parents’ understanding of T1D risk in their child, the
TEDDY study recently examined the risk perceptions of

participating youth from age 10—15. These youth had been
in TEDDY since birth but were fully informed of their
increased risk for T1D by age 10. Despite this, only 29%
of 10-year-olds believed they were at increased risk. Older
children were more likely to report being at increased risk.
Nevertheless, less than half of 15 year-olds believed their
risk for T1D to be higher than youth not in TEDDY pos-
sibly because they had been in TEDDY so long and had not
developed the disease. Consistent with the ASK findings of
parents with IA + children, youth who were A+, and par-
ticularly multiple IA+, were more likely to view themselves
as at increased risk [21].

What kind of information is communicated to families
about T1D risk is likely to be critical to both parent and
child understanding. Further, parents may not know how to
discuss the child’s increased T1D risk with the child and
may avoid it [20, 22]. No studies have compared various
approaches to risk communication with parents or children.

Emotional Reactions To Increased T1D Risk

There is a substantive literature documenting psychologi-
cal distress among parents and children at the time of a
child’s T1D diagnosis [23]. There is smaller literature on
the emotional impact of learning that you or loved ones are
at increased risk for T1D; most of this literature has focused
on parents of at-risk children. The recent literature is sum-
marized in Table 1.

Some studies have used general measures of psycho-
logical functioning, such as screening tools for anxiety or
depression. These studies have found little evidence that a
child’s increased risk for T1D is associated with poorer psy-
chological functioning in the child’s parent. In their New
Zealand study conducted 12 years after the child was identi-
fied as at increased genetic risk for T1D, Kerruish at al [20]
assessed child adjustment and parenting practices by parent
report. During this 12-year time-frame, no child developed
T1D and only one child became IA+. There were no dif-
ferences between parents of these high-risk children and a
comparison group of parents of children at low genetic risk
for TID on parent ratings of child adjustment or general
parenting practices nor was there any evidence that the chil-
dren themselves suffered from poorer self-esteem. Similar
findings were reported in the POInT study, a multinational
study (Germany, United Kingdom, Poland, Belgium, Swe-
den) using screening tools for anxiety and depression in
parents of genetically at-risk children identified prior to 5
months of age [24]. However, neither of these studies exam-
ined emotional response to TA + results. Ziegler et al. [§]
used a screening tool for depression with parents of young
children identified as multiple IA+. Few parents screened
positive for depression. Nevertheless, mothers of multiple
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Table 1 Emotional Impact of Increased Risk for TID*

General Psychological Functioning

Study/Country
KEA: Kerruish et
al. [20]

New Zealand

POInT: Houben et
al. [24]

Germany

United Kingdom
Poland

Belgium

Sweden

Frlda: Ziegler et
al. [8]
Bavaria, Germany

Participants

primary caretakers (usually
mother) of 12-year olds:

with increased genetic risk (n
=35)

with low genetic risk (n = 65)
12-year-olds with:

increased genetic risk (n = 35)
low genetic risk (n = 65)

mothers (n =1331) and fathers
(n=1148) of < 5-36 month old
children at increased genetic risk

mothers (n = 173) and fathers (n
=156) of 1-5 year old multiple
IA + children

mothers (n = 136) and

fathers (124) of 1-5 year old
IA- children

mothers (n = 169) and fathers
(n=95) of >8 year old children
newly diagnosed with T1D

Disease Specific Anxiety about T1D risk

Study/Country
TEDDY: Roth et
al. [30]

United States
Finland

Sweden
Germany

KEA: Kerruish et
al. [20]

New Zealand

POInT: Houben et
al. [24]

Germany

United Kingdom
Poland

Belgium

Sweden

Participants

7612 mothers of infants at
genetic risk for T1D

primary caretakers (usually
mother) of 12-year olds:

with increased genetic risk (n
=35)

with low genetic risk (n = 65)

mothers (n =1331) and fathers
(n=1148) of < 5-36 month old
children at increased genetic risk

Measures

Child Behavior
Checklist (CBCL)
Alabama Parent-
ing Questionnaire
(APQ)

The Self-Descrip-

tion Questionnaire 1

(SDQD)

Depression Total
Score (DTS) from
the Patient Health
Questionnaire
(PHQ-9)

5 items about anxi-
ety/panic attacks
(ATS)
Patient-Health
Questionnaire
(PHQ-9)

Measures
6-item short form

of the State Anxiety

Inventory (SAI)

Two items asked

about how much the

parent thinks about
and worries about
the child’s genetic
test result scored

from 0 (not at all) to

6 (all the time)
6-item short form

of the State Anxiety

Inventory (SAI)

Results

No differences between caretakers of high and low genetic risk
children on parent report of child adjustment (CBCL) or parent-
ing practices (APQ)

No difference in overall self-concept between children with
increased genetic risk compared to children with low genetic
risk; children with increased genetic risk reporting more
positive scores on the reading (p < 0.01) and total academic
subscales (p < 0.05)

Mothers reported higher DTS and ATS scores than fathers (p <
0.002) but >93% of parents reported no anxiety/panic attacks
and >80% reported no symptoms of depression

10% of mothers and 6% of fathers scored above the clinical cut-
off (> 10) on the PHQ-9 at the time they learned of their child’s
multiple IA + status.

PHQ-9 scores were higher in mothers of multiple IA + children
compared to mothers of IA- children (»p = 0.002).

Parents of multiple IA + children had lower PHQ-scores than
parents of children newly diagnosed with TID (p < 0.001).

Results

Increased maternal anxiety about the child’s T1D risk was
associated with being an ethnic-minority, lower education, a
family history of T1D, an accurate perception of the child’s risk
for T1D, a history of negative interpersonal life events, and a
history of post-partum depression (all p <0.001)

Parents of children at increased genetic risk reported thinking
and worrying about the child’s genetic test result more than
parents of low genetic risk children (p < 0.001)

Mothers had higher SAI scores than fathers (p < 0.001). 54% of
mothers and 39% of fathers had high scores (>40).
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Table 1 (continued)

TEDDY: Johnson et mothers (7 = 5985) and fathers

al. [29]

United States at birth as at increased genetic Inventory (SAI)
Finland risk, followed up to 6 years, who

Sweden remained IA-

Germany mothers (n = 718 and fathers (n

=651) of IA + children followed
for 1-4 years after the 1A + test
result

ASK: O’Donnell et mothers (n =250), fathers (n =

al. [7] 24) and other caretakers (n = 6)

Colorado, US of multiple or single persistent
IA + children; mean child age
10.3 years

TEDDY/JDREF:
Smith et al. [31]
United States
Finland
Sweden

parents of 54 TEDDY children

matched community controls
who developed T1D with no
prior experience in a T1D high

risk monitoring program module)

6-item short form

6-item short form

6-item short form
of the State Anxiety child’s persistent IA + status. Six months later, 69% of caretak-
Inventory (SAI)

Pediatric Inventory
who developed T1D and 54 age- for Parents (PIP)
Pediatric Quality of (p < 0.04) than parents of community controls who devel-
Life Inventory (Ped- oped T1D without the experience of being in a high risk T1D
sQL 3.2 Diabetes

When first learning of the child’s increased genetic risk, more

(n=5788) of children identified of the State Anxiety mothers (47%) than fathers (34%) had high (>40) SAI scores (p

< 0.0001). More mothers (53%) and fathers (45%) experienced
with T1D in the family had high SAI scores compared to moth-
ers (46%) and fathers (33%) without a family history of T1D (p
<0.002).

SAI scores declined over time in parents of children who
remained [A- (p <0.001)

Parent SAI scores increased in response to a child’s IA + test
result (p <0.001)

Parents of multiple IA + children had the highest levels of anxi-
ety; 57% of mothers had high SAI scores (>40) 1 year after the
child’s first IA + test result and 43% still had high scores 3 years
later. 44% of fathers had high SAI scores 1 year after the child’s
first IA + test result and 34% still had high scores 3 years later.

74% of caretakers had high (>40) SAI scores in response to the

ers SAI scores remained high. Those with lower education (p
<0.001), identifying as Hispanic (p < 0.03) and with accurate
perceptions of their child’s T1D risk (p < 0.02) had higher SAI
scores.

Parents of TEDDY children who developed T1D reported less
parenting stress (p < 0.009) and better diabetes QOL in the child

monitoring program. However both groups had high mean SAI
scores (>40) and were not different from each other.

of the State Anxiety

Inventory (SAI)

*please see prior review for studies published prior to 2012 [1]

ASK: Autoimmunity Screening in Kids

JDREF: Juvenile Diabetes Research Foundation (now Breakthrough T1D)

KEA: Key Environmental Aspects of type 1 diabetes
POInT: Primary Oral Insulin Trial
TEDDY: The Environmental Determinants of Diabetes in the Young

IA + children’s scores were higher than those of comparison
group of mothers with IA- children but lower than parents
of children diagnosed with T1D in a separate study.
General measures of psychological functioning are useful
when the goal is to make comparisons with different disease
groups or healthy populations. However, disease-specific
measures are often far more sensitive to psychological sta-
tus within a particular disease or health condition [25, 26].
Studies that have used both measures of generic and dis-
ease-specific functioning with at-risk T1D populations have
shown this to be the case; while generic measures showed no
differences between high risk and low risk groups, disease-
specific measures documented significant differences [20,
24]. The most common disease-specific measure used with
T1D at-risk populations is the state component of the State-
Trait Anxiety Inventory (SAI) or the State-Trait Anxiety for
Children (SAIC). Participants are asked to think specifically
about their (or their child’s) risk for T1D when responding
to the questionnaire. Short forms have been developed for

both adults and children [27, 28]. Our prior review docu-
mented the usefulness of this measure [1]. Since that time,
the TEDDY study found high levels of maternal anxiety
(scores >40) about the child’s increased genetic risk were
common at the start of the study [29]. The POInT study also
reported high levels of parent disease-specific anxiety in
response to learning the child was at increased genetic risk
for T1D [24]. However, parent disease-specific anxiety does
appear to dissipate over time if the genetically at-risk child
remains IA negative [29]. In contrast, many parents respond
with high levels of disease-specific anxiety when they learn
their child is IA + and this high anxiety may be maintained
for long periods of time, particularly if their child is mul-
tiple IA+ [7, 29]. Figure 1 depicts the percentage of parents
reporting high levels of disease-specific anxiety on the SAI
across three studies.

Certain groups of parents may be particularly likely to
experience disease-specific anxiety when faced with their
child’s increased risk for T1D: ethnic-minority parents,
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Fig. 1 Percent of Parents with
High Anxiety.

*About their Child’s T1D Risk
Across Three Studies * State
Anxiety Score>40. # Most Ask
Parents were Mothers Data from
Houben et al., 2022 [24]; Johnson
et al., 2017 [29], and O’Donnell
etal., 2023 [7]

=23 ~ ©
o o o

(2]
o

N (23
o o

Percent of Parents with High Anxiety
- s
o o

POINT: Genetically At-Risk Children

those with lower education, and those with a history of
depression and negative life events [7, 30]. In addition,
most studies have told families the child is at increased risk
for T1D but have not “diagnosed” the child with Stage 1 or
Stage 2 T1D. Certainly a diagnosis of Stage 1 or Stage 2
T1D may have an emotional impact different than simply
telling a family the child is at increased risk for T1D, an area
in need of further research.

Although both TEDDY and ASK collect disease-specific
anxiety data about T1D risk from children starting at 10
years of age, these data have yet to be published. Under-
standing the child’s response to their increased risk for T1D
is certainly important. Also needed are interventions to
address the significant disease-specific anxiety experienced
by some children and parents.

Some have argued that participating in a screening study
with follow-up monitoring may result in better psychologi-
cal outcomes for those eventually diagnosed with Stage 3
clinical diabetes. One study did compare TEDDY children
diagnosed with T1D with matched community controls who
had also developed T1D. TEDDY parents reported better
diabetes quality of life in the child and lower parenting
stress than the community control parents. However, parent
disease-specific anxiety was high for both the TEDDY par-
ents and the community control parents for a full year fol-
lowing the child’s diagnosis and there were no differences
between the two groups. Comparisons of the children’s
responses to their diagnosis were not reported [31]. This is
certainly an important area for further inquiry.

Behavioral Response to T1D Risk Screening
and Results
Acceptance of Screening As screening for T1D risk moves

out of the research context and into more mainstream health-
care, the willingness of individuals, parents and children to
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be screened becomes an important issue. Research studies
that have screened for T1D risk have repeatedly documented
low participation rates. In TEDDY, although over 420,000
parents agreed to newborn screening, only 40% of children
at increased risk for T1D actually enrolled in the study, with
FDR families more likely to enroll (65%) than those with
no family history of the disease (38%) [32]. Passive refus-
ers were common in which eligible families simply did not
respond to study staff requests for contact [33].

The Swedish TRIAD study is screening children in the gen-
eral population for autoantibodies related to T1D, celiac and
autoimmune thyroid disease using home capillary sampling.
Among 19,593 children invited to participate, only 3527
(18%) of their parents consented to screening their child and
were sent a home blood capillary test. However, only 2,315
(66%) of these families (11.8% of those invited) returned a
blood sample for analysis. Among the participating fami-
lies, 16% reported having an FDR with T1D, celiac and/
or autoimmune thyroid disease, suggesting that FDRs are
more likely to screen their children [34].

However, data from the TID exchange suggests that
family members experienced with T1D may also be hesitant
to screen their child for IA. The majority had not screened
their child and among those who had not screened, many
were undecided about doing so in the future. Of those who
had screened, most reported IA negative results and said
that upon reflection they would do it again [35].

The All Babies in Southeast Sweden (ABIS) study
employed a birth cohort from the general population to
study the development of T1D. Biologic samples were col-
lected at birth and at subsequent intervals up to 13 years of
age. When the children were 10—13 years old, they and their
parents were asked their opinions about screening children
for T1D risk. Only 50% of parents thought children should
be offered T1D-risk screening when no prevention or cure
was available. Children were somewhat more positive, with
66% of girls and 59% of boys wanting to know their risk of
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T1D even if there was no way to prevent the disease. The
majority of the girls (58%) and 49% of the boys wanted to
be involved in the decision to be screened; however, only
42% of parents thought their children should be involved in
the decision to screen and only 47% of parents thought the
children should be informed about the test results [36].

The ABIS findings are similar to those reported in New
Zealand’s Key Environmental Aspects of type 1 diabetes
(KEA) study. Parents’ opinions about having their child
screened for T1D risk were assessed 12 years later by inter-
view. Although most parents did not report any negative
sequelae of having their child screened, most had not dis-
cussed the results with their children and were not enthu-
siastic about the use of newborn screening programs to
determine T1D risk unless there were ways to prevent T1D
or reduce risk [37].

In the United Kingdom, parents were offered IA screen-
ing via a capillary blood test as part of the child’s pre-school
vaccination visit. Among the 135 families invited, 49%
agreed to participate. Qualitative interviews were conducted
with fifteen parents who agreed to the screening. These par-
ents were positive about the screening experience, empha-
sizing the importance of scheduling it as part of a routine
pediatric care visit. Concern was expressed about the addi-
tional child distress associated with getting sufficient blood
from the capillary blood collection. Parents who did not
agree to the IA screening were not interviewed [38]. A simi-
lar approach was used in the US; parents were approached
for T1D genetic risk testing using a saliva sample as part of a
well child visit; 54% agreed and provided the saliva sample.
However, few of those determined to be at high genetic risk
agreed to IA testing due to the venipuncture required and
concerns about SARS-CoV-2 at the time the study was con-
ducted [39]. These findings highlight the difficulty disentan-
gling the acceptability of screening for T1D per se from the
invasiveness of the screening procedures themselves.

These studies were conducted prior to current guidelines
suggesting that multiple IA + children be diagnosed with
Stage 1 or Stage 2 T1D. Certainly, being diagnosed with
the disease further complicates family decision-making.
Regulations and laws differ between countries related to
restrictions for individuals diagnosed with T1D. In Swe-
den, a country with one of the highest incidence of T1D in
the world, persons with T1D are not allowed to apply for
police, firefighter or pilot education/positions and are not
permitted to join the military. Prior to 2022, they were also
not allowed to be a taxi, bus or truck driver; these restric-
tions have since been lifted and are now more consistent
with the rules of other European countries. Canada was the
first country to allow insulin-requiring individuals to fly
commercially under very specific conditions with rigorous
oversight; some other countries have followed suit [40].

However, the knowledge of work and education restrictions
associated with T1D in any given country may make youth
and parents hesitant about T1D risk screening, particularly
when multiple IA + individuals are being diagnosed with
Stage 1 or Stage 2 T1D. Although individuals with Stage 1
or Stage 2 T1D do not yet require insulin, their high risk sta-
tus for clinical Stage 3 T1D may have real-world employ-
ment, education and insurance implications.

Taken together, these studies suggest that many members
of the general public may be hesitant to screen for T1D risk.
A number of important factors may influence individual or
family decision-making including family experience with
the disease, the recommendations of a trusted provider, the
invasiveness of the procedure, convenience and cost, and
potential benefits as well as harms. The inclusion of the
child in the decision-making process is often a primary con-
cern of parents of older children. A qualitative interview
study conducted with parents of varying sociodemographic
background and family history with T1D identified three
areas relevant to individual and family decision-making
about screening. First are issues relevant to the individual
or family’s understanding of T1D, the purpose of screening,
any possible benefits of screening, and the role of the child
-if any- in the screening decision-making process. Second,
issues relevant to the actual screening process including
cost, accessibility, time and procedural demands as well as
personal beliefs about or experiences with T1D and comfort
and support from the healthcare team. Third are the con-
sequences of screening particularly for those who screen
IA+. These consequences include potential emotional
impact including worrying and availability of psychoso-
cial support, impact on professional, social and family life,
financial impact associated with follow-up monitoring and
time off school or work, and preparedness with living with
the outcome [41]. These are complex issues given insuffi-
cient attention in many large scale screening studies. The
availability of an FDA approved medication to delay T1D
in those at-risk is likely to impact many families decision-
making around screening for T1D.

Adherence to Medical Monitoring Impressive reduction in
rates of DKA at diagnosis of clinical T1D (i.e., stage 3 T1D)
among those participating in screening and medical monitor-
ing programs [42—45] is the most frequently cited benefit of
screening. Both pediatricians and parents value reduction in
DKA as a valuable benefit of screening [46]. Further, pre-
venting DKA at the time of diagnosis has long-term ben-
efits since DKA is associated with worse glycemic control
post-diagnosis [47] and negative effects on brain health [48,
49]. However, early detection of Stage 3 clinical T1D in the
absence of DKA requires ongoing medical monitoring of
individuals for potentially long periods of time. Screening
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studies that have monitored those at increased risk have doc-
umented difficulties in maintaining at-risk individuals in the
medical monitoring program. TrialNet observed that ethnic
minorities were less likely to return for confirmatory testing
after screening positive for an IA compared to non-Hispanic
Whites [50]. In the TEDDY study, drop out was highest in
the first two years after enrollment, with those from the gen-
eral population with no family history of T1D more likely to
leave the study. Parents who underestimated the child’s risk
for T1D, or who were very anxious about the child’s risk
were more likely to leave the study [51, 52]. Concerns about
blood-draws and insufficient time for the study protocol
were common reasons for leaving both the TEDDY and the
ABIS studies [53, 54]. Feeling overwhelmed/stressed and
not wanting to be reminded of the child’s T1D risk were also
cited as reasons for withdrawal from TEDDY [54]. Although
multiple IA + individuals are more likely to participate in
medical monitoring, TEDDY found relatively poor adher-
ence with the every 6-month OGTT protocol among this
population. On average, only 62% of the scheduled OGTTs
in these multiple IA + children were completed. FDR par-
ticipants were less adherent possibly because their parents
believed they could detect progression to clinical diabetes
on their own. However, some of these parents may have
believed that the OGTT — with its high glucose content —
could trigger or escalate the child’s progression to T1D.
Caregivers who underestimated their child’s risk of develop-
ing T1D were also less likely to engage in the OGTT proto-
col. In contrast, maternal study satisfaction was positively
correlated with OGTT adherence [55].

Despite the fact that adherence to medical monitoring pro-
grams is critical to realizing the major benefit of screening
for T1D risk — the reduction of DKA at the time of diagnosis
- the literature on medical-monitoring program adherence
is sparce. What literature that does exist suggests that many
individuals at high-risk for T1D may not comply with the
medical-monitoring protocol or may do so for a short period
of time. This small literature has focused exclusively on
adult caregivers of at-risk children. Certainly, older children
are likely to have influence on their long-term participation
in any medical-monitoring program.

Efforts to Prevent T1D or Watch for T1D in Those At-
Risk. FDR families commonly watch for signs or symptoms
of T1D in their unaffected child, sometimes using blood
glucose testing [56]. In TEDDY, participating in the study
protocol was the primary method parents stated they used
to monitor the child for the development of T1D [57] and
was the primary reason parents gave for staying in the study
[58]. Parents reported increasing their T1D surveillance
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behaviors once the child became 1A+, with 31% of FDR
mothers reporting initiating blood glucose testing in the IA
+ child on their own, in most cases outside of the TEDDY
protocol. Unsolicited blood glucose testing was less com-
mon in families without a history of T1D; only 4% of
mothers reported doing this for their IA + child [57]. Blood
glucose testing behaviors may be more common in FDRs
due to easier access to blood glucose testing equipment
or increased anxiety about T1D risk, given their personal
experience with the condition. Unfortunately, there are no
published data examining self-reported T1D surveillance
behaviors in children and adolescents or adults at increased
T1D risk. We also have little information about T1D sur-
veillance behaviors in individuals not followed closely in
longitudinal studies or medical monitoring programs. Fur-
ther, the type and frequency of T1D surveillance behaviors
may change given the increased availability of IA screening
outside of research studies.

As we have previously documented, parents commonly
report lifestyle changes in an effort to prevent T1D upon
learning their child is at-risk for the disease [59]. In TEDDY,
efforts to prevent T1D were reported by over 40% of moth-
ers when the child was just 15 months of age, with dietary
changes most common; these prevention behaviors were
parent-initiated and were never suggested by the research
team [60]. The impact of an IA + test result on T1D preven-
tion strategies in the TEDDY cohort is currently under anal-
ysis although lifestyle changes have been documented in
previous studies of 1A + individuals [61, 62]. It seems clear
that many parents will engage in lifestyle modifications
when faced with their child’s increased risk for T1D despite
no scientific evidence to do so. Given recent approval of a
pharmacologic agent to delay T1D [6], behavioral efforts to
prevent diabetes may change in ways not yet understood.
Some may abandon lifestyle changes, putting their faith
in medication that will hopefully delay the disease. Others
may continue to engage in lifestyle changes as a back-up
if the medication does not delay the disease or in an effort
to delay the disease even longer than is hoped for from the
medication.

As with monitoring behaviors, there are few studies
examining potential prevention behaviors self-reported by
children and adolescents or adults at increased risk of T1D,
a critical gap in this literature. Self- or family-initiated pre-
vention behaviors are important to understand because of
their potential impact on the child or family. However, to the
extent that lifestyle behaviors may in fact alter the course of
the development T1D in at-risk individuals [63—65], such
behaviors may cloud interpretation of natural history studies
or prevention trials if left unmeasured.
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Provider Attitudes and Concerns about T1D
Risk Screening

As screening moves out of research studies and into the
larger healthcare arena, the attitudes and concerns of pri-
mary care providers become important as these are the
individuals most likely to communicate with families about
screening and manage those with screening results indicat-
ing heightened risk for T1D. The small available literature
on this topic suggests that healthcare providers familiar
with T1D feel confident they have sufficient knowledge to
manage screening as part of their practice [66], but those
in primary care do not [67]. While there is consensus that
reducing DKA is a benefit of screening [46, 66, 67], patient
and family anxiety associated with positive test results is
viewed as a major barrier [66, 67]. Other barriers include
current lack of T1D prevention, cost of screening and medi-
cal monitoring, need for repeated testing, time-demands,
and lack of resources. Providers believe that screening
would benefit FDR patients but were unsure about the use-
fulness of screening for the general population with no fam-
ily history of the disease [66, 67]. If screening for T1D risk
is to become standard practice, primary care providers will
need to be provided the necessary education and resources
to address these barriers and concerns.

Conclusions

Our improved understanding of the natural history of T1D
autoimmunity, the development of a staging model for T1D,
and the first FDA approved drug to delay T1D have height-
ened interest in T1D-risk screening beyond the traditional
research context. Although the ADA currently recommends
IA screening only for FDRs, there is broad interest in general
population screening; numerous screening programs have
been initiated in many different countries, with Italy the first
to mandate such screening nationwide [68]. However, there
are many psychosocial challenges to be addressed. Indi-
viduals have great difficulty understanding what being at
increased risk for T1D actually means. This is particularly
true for those who are less educated, from ethnic-minority
populations, and who have no family history of T1D. How-
ever, screening programs should require more than under-
standing T1D risk. They must fully inform individuals and
families about what screening actually entails including
the purpose of screening, procedures and follow-up tests,
costs, time demands, and consequences of results indicating
increased risk of T1D. Anxiety associated with learning you
or loved ones are at increased risk for the disease is clearly
one of those consequences. Intervention programs have yet
to be developed and tested to help individuals and families

navigate this complex decision-making process and to treat
anxiety experienced by many who learn they, or their loved
ones, are at high risk for T1D. Similarly, primary care pro-
viders need education and support as they are likely to be
the first-line providers discussing screening options with
individuals and families as well as managing those who
learn they are at increased risk.

As Bonifacio et al. [64] have pointed out, the success of
screening programs is dependent less on the screening strat-
egy employed and more on healthcare provider engagement
and acceptability to the public. Currently, the general public
and primary care providers have yet to fully embrace T1D-
risk screening and the follow-up medical monitoring required
of those at increased risk. Of course, this may change if
treatments to delay or prevent the disease become read-
ily available. Also, we have yet to understand the impact of
diagnosing individuals with Stage 1 or Stage 2 T1D; this may
increase interest in screening but could also make individuals
and families more hesitant particularly if they are concerned
about the possible psychological, social, financial, and educa-
tional/employment implications of such a diagnosis.

In the meantime, it may be worthwhile to focus on those
who would welcome and benefit most from screening and
follow-up medical monitoring. This is likely best accom-
plished by assuring full understanding of the screening
process and possible outcomes; those who opt in are likely
to follow through with screening, follow-up testing, and
medical monitoring should they be diagnosed with Stage
1 or Stage 2 T1D. There is much speculation that Stage 1
or Stage 2 individuals subsequently diagnosed with Stage
3 clinical T1D will adjust to the disease more quickly or
successfully because of their prior participation in a screen-
ing and medical monitoring program; however, additional
research is needed to address this important issue.

Since many of those screened will be children, additional
attention needs to be given to the psychosocial impact on
the children themselves and on their role in the screening
process. While parents of young children make the deci-
sion to screen or not to screen, parents of older children
often struggle with how much to include the child in the
decision-making process. Even parents of young children
have concerns about what to tell an at-risk child when the
child becomes older. Since medical monitoring of Stage 1 or
Stage 2 T1D children may occur over long periods of time,
many young children at the time of Stage 1 or Stage 2 diag-
nosis will need explanations as to the purpose of the medical
monitoring as they grow older and in fact may want a voice
in their ongoing participation. The literature is remarkably
sparce on the impact of T1D-risk screening and medical
monitoring on children. We encourage greater attention to
children’s roles, concerns, and psychosocial well-being in
the future.
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