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Type 1 diabetes is one of the most common childhood
chronic conditions. Early diagnosis is challenging as
the condition is asymptomatic in the early stages,
and when symptoms do appear, they are initially
vague. However, a delayed diagnosis increases

the risk of developing life-threatening diabetic
ketoacidosis. Genetic screening offers an opportunity
to identify children at risk and provide ongoing
monitoring to improve immediate and long-term
health outcomes.

n Australia, three children are diagnosed with type 1 diabetes

every day, making it one of the most common childhood chronic

conditions. It is an autoimmune disorder characterised by the
destruction of insulin-producing beta cells in the pancreas and a
lifelong reliance on insulin therapy for survival. This article
provides an overview of genetic screening for type 1 diabetes in
children.
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Why screen for type 1 diabetes?

Establishinga clinical diagnosis of type 1 diabetes can be challenging,
given the initial symptoms are vague and easily missed or attributed
to other pathologies. These common symptoms are known as the
four T’s: thirsty (increased thirst), toilet (frequent urination), thinner
(rapid or unexplained weight loss) and tired (fatigued or weak).
Almost all children present with at least two of the four T’s, but
this clinical practice challenge for primary healthcare is evident,
consideringabout one-quarter of children are brought in for multiple
healthcare visits in the lead up to diagnosis." As a result, children
are often diagnosed late, with one in three not being diagnosed
until they present with life-threatening diabetic ketoacidosis (DKA)
and require emergency hospitalisation or intensive care. This delay
in diagnosis can have lifelong implications, including the develop-
ment of cognitive impairment, an increased future DKA risk and
lower long-term glycaemic control, and thus an increased risk of
serious diabetes-related complications from early adulthood.?*
DKA education and awareness campaigns have had some short-
term success but lack sustained outcomes.%”

With the aid of screening and ongoing monitoring, healthcare
professionals and families can now be informed early ifa child carries
ageneticrisk factor for type 1 diabetes and if onset of the autoimmune
condition has been triggered. In turn, screening has been shown to
virtually eliminate the risk of DKA in international clinical trials,
with DKA rates consistently around 5%.% Traditionally; type 1 diabetes
was thought to exhibit a severe, rapid onset, giving healthcare pro-
fessionals and families little to no warning or chance to establish an
early diagnosis. However, a new staging system identifies two early
presymptomatic stages (stages 1 and 2) that mark the onset of type
1 diabetes, rather than the traditional late-stage, symptomatic clinical
diagnosis (stages 3 and 4; Figure). Identifying these presymptomatic
stages of type 1 diabetes allows for screening to identify children at
increased risk of the condition and, in turn, early detection and
monitoring.
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Figure. New staging classification system for type 1 diabetes.

Adapted from: Pilot study of screening for type 1 diabetes in the general population [Factsheet]. Sydney: JDRF; 2021. Available online at: https://jdrf.org.au/research/general-population-screening/

(accessed August 2023).

Furthermore, the first preventative therapy, teplizumab, amono-
clonal antibody, has been approved by the US Food and Drug
Administration for stage 2 type 1 diabetes to delay the onset of stage 3
insulin-requiring type 1 diabetes.”® Although teplizumab is not yet
available in Australia, efforts are underway to bring the therapy to
Australiaand additional therapies are being investigated in Australian
and international clinical trials. Therefore, screening provides the
opportunity to use preventative therapies in children as they become
availablein Australia, in addition to increasing the speed and efficiency
of clinical trials by widening the pool of potential participants.

Genetic risk of type 1 diabetes

The risk of developing type 1 diabetes is influenced by a combination
of genetic and environmental factors. First-degree relatives of indi-
viduals with type 1 diabetes have a 15 times greater risk than the
general population (about 5% vs 0.3%). Screening for type 1 diabetes
in first-degree relatives is well established, based on the Environ-
mental Determinants of Diabetes Islet Autoimmunity (https:/www.
endia.org.au/) and TypelScreen (https:/typelscreen.org/) studies
in Australia. However, 90% of individuals do not present with a
family history of the disease at the time of diagnosis.” Thus, the only
way to capture the vast majority of children who will develop type 1
diabetes is to offer routine, population-wide screening.

In those individuals who proceed to develop type 1 diabetes, the
most significant genetic predisposition is the presence of variations
in the human leucocyte antigen (HLA) gene, which accounts for
around 50% of the genetic risk. However, type 1 diabetes is polygenic
in nature, with more than 70 genetic variants involved. This collective
genetic risk of type 1 diabetes can be captured in a polygenic risk
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score, a weighted sum of the risk associated with each variantin an
individual. A high polygenic risk score indicates an increased genetic
risk of type 1 diabetes in childhood. The area under the receiver-
operating characteristic curve for type 1 diabetes is 0.96, which is
one of the most accurate polygenic risk scores for any condition."
However, genes alone do not determine a patient’s outcome in type 1
diabetes, and polygenic risk scores should be considered to reflect
arisk factor rather than as a definitive diagnostic tool.

Genetic risk-stratified screening for type 1 diabetes
Polygenic risk scores can be used at the population level to identify
children at increased risk of developing type 1 diabetes, as those
who would benefit the most from ongoing antibody monitoring to
detect presymptomatic disease. In practice, 10% of children would
be identified as being at risk of type 1 diabetes, capturing around
80% of future cases of type 1 diabetes." Given the autoimmune
condition is triggered by an environmental factor, not all children
with a genetic predisposition will proceed to develop the condition.
Of the 10% of children at risk of the condition, one in 40 children
will develop type 1 diabetes by 16 years of age." Thisisa substantially
higher risk than the general population background risk (2.4% vs
0.3%).” At-risk children should be monitored for the development
of type 1 diabetes autoantibodies, indicating the initiation of the
autoimmune disease.

Genetic screening in practice: the Australian Type 1
Diabetes National Screening Pilot

The Type 1 Diabetes National Screening Pilot aims to compare the
feasibility, acceptability and cost of three screening models for type 1

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2023. https://medicinetoday.com.au/mt/september-2023


https://www.endia.org.au
https://www.endia.org.au
https://type1screen.org

diabetes in the Australian paediatric general population. Two of
these screening models are genetic risk-stratified screening models,
whereas the third skips this risk stratification, instead offering islet
autoantibody-only screening to all children aged 2, 6 and 10 years.
In the first model, newborns are offered genetic screening for type
1 diabetes via a heel prick blood sample collected at the same time
as in the existing National Newborn Screening Program. The
second model is aligned with the National Immunisation Program
Schedule. Infants aged 6 to 12 months are offered genetic screening
via a saliva swab either at home or at their local GP clinic or
pharmacy. In both screening models, it is anticipated that one in
10 children will receive an ‘increased chance’ risk result and be
offered islet autoantibody monitoring, with referral to a paediatric
endocrinologistiftype 1 diabetes (stages 1 to 3) is identified. These
screening models are designed to be sustainable, scalable, acces-
sible and cost-effective as a national screening program for the
benefit of all Australian children in the future.

As part of the Pilot, data on screening uptake rates and parental
anxiety, as well as the beliefs, attitudes and experiences with screening
of both family members and healthcare professionals are collected
to help inform if, and how, screening should be offered in the
future. Screening is due to close at the end 0f 2023, and the results
will be available by the end of 2024, following the first follow-up
recall for at-risk children. For more information about this Pilot,
see www.KidsDiabetesScreen.com.au or contact the Screening
Helpline on 1300 505 909.

Considerations for population genetic screening
Although genetic screening is promising, there are considerations
to be made before its implementation in clinical practice. First,
the score is developed from a largely Caucasian population dataset
and has not been validated in the multicultural Australian pop-
ulation. This is not a unique problem for type 1 diabetes testing
and, reassuringly, the genetic risk score has been shown to perform
well across genetic ancestry groups relevant to Australia, including
East Asian, Southeast Asian and Middle Eastern populations.'**
Nonetheless, further validation work is required, and this should
be taken into account when counselling families about their
child’s individualised genetic risk.

Second, knowledge of a child’s risk of type 1 diabetes may cause
anxiety for the child and family members. Emphasising an accurate
perception of their own risk and their child’s risk, providing access
to information and support and establishing actionable follow-up
and management pathways are important to manage and alleviate
anxiety. International data indicate that although families experience
increased anxiety at the time of antibody detection (stages 1 and 2),
anxiety at the time of stage 3 diagnosis and insulin initiation is
reduced, suggesting a ‘softer’ introduction to type 1 diabetes may
be beneficial >'¢

Lastly, GPs areideally situated to offer infants screening for type
1 diabetes, given their role and experience in implementing

PRACTICE POINTS

Each day in Australia, three children are diagnosed with

type 1 diabetes, and one in three are diagnosed late, increasing
the risk of developing life-threatening diabetic ketoacidosis
(DKA).

The risk of developing type 1 diabetes is influenced by a
combination of genetic and environmental factors.

Genetic screening can identify about 80% of all future cases of
type 1 diabetes in children.

Ongoing monitoring of at-risk children can virtually eliminate the
risk of DKA at diagnosis and improve immediate and long-term
health outcomes.

screening programs and risk counselling for other conditions.
Similarly, pharmacies are experienced with type 1 diabetes through
the dispensing of insulin and diabetes-related consumables through
the National Diabetes Services Scheme. Genetic counselling services
may also be helpful in assisting families to understand their risk
and adapt to this information. A genetic counsellor is available to
families and healthcare professionals through the Type 1 Diabetes
National Screening Pilot via the dedicated screening helpline.
However, the genetic counselling workforce is not currently
equipped to manage a nationwide population screening program.
Therefore, upskilling of primary healthcare professionals is essential
and access to genetic counsellors should be considered in the
mainstreaming of genomic healthcare.

Conclusion

With appropriate training and support, the primary healthcare
system is well positioned to provide population-wide genetic
risk-stratified screening for type 1 diabetes. The goal would be to
identify children at increased risk of developing the condition;
connect families to ongoing monitoring, education and support;
and, eventually, be able to offer access to preventative therapies.
As a future national screening program, early detection of type 1
diabetes could virtually eliminate the one-in-three risk of life-
threatening DKA at diagnosis and, thus, the associated trauma
and short- and long-term health consequences. Practice points for
GPs are provided in the Box. MT
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