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Abstract

Aims This study aims to describe the prevalence of monogenic diabetes in an Australian referral cohort, in relation to Exeter
maturity-onset diabetes of the young (MODY) probability calculator (EMPC) scores and next-generation sequencing with
updated testing where relevant.

Methods State-wide 5-year retrospective cohort study of individuals referred for monogenic diabetes genetic testing.
Results After excluding individuals who had cascade testing for a familial variant (21) or declined research involvement
(1), the final cohort comprised 40 probands. Incorporating updated testing, the final genetic result was positive (likely
pathogenic/pathogenic variant) in 11/40 (27.5%), uncertain (variant of uncertain significance) in 8/40 (20%) and negative
in 21/40 (52.5%) participants. Causative variants were found in GCK, HNFI1A, MT-TL1 and HNF4A. Variants of uncertain
significance included a novel multi-exonic GCK duplication. Amongst participants with EMPC scores >25%, a causative
variant was identified in 37%. Cascade testing was positive in 9/10 tested relatives with diabetes and 0/6 tested relatives
with no history of diabetes.

Conclusions Contemporary genetic testing produces a high yield of positive results in individuals with clinically suspected
monogenic diabetes and their relatives with diabetes, highlighting the value of genetic testing for this condition. An EMPC
score cutoff of >25% correctly yielded a positive predictive value of >25% in this multiethnic demographic. This is the first
Australian study to describe EMPC scores in the Australian clinic setting, albeit a biased referral cohort. Larger studies may
help characterise EMPC performance between ethnic subsets, noting differences in the expected probability of monogenic
diabetes relative to type 2 diabetes.
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Introduction

Monogenic diabetes refers to diabetes mellitus attributable
to pathogenic variants in a single gene. Maturity-onset dia-
betes of the young (MODY) is the most common type of
monogenic diabetes, accounting for ~2-5% of individuals
with diabetes and characterised by an early onset, autoso-
mal dominant inheritance, and insulin independence [1].
Other types of monogenic diabetes include neonatal diabe-
tes (NDM) and mitochondrial diabetes. The predominant
MODY subtypes are as follows: GCK-MODY, resulting
in a high glycaemia set-point that typically should not be
treated as it is not associated with microvascular com-
plications of diabetes, and HNFIA- and HNF4A-MODY,
which reduce glucose-mediated insulin secretion leading
to progressive hyperglycaemia and complications, but with
exquisite sulphonylurea sensitivity that often obviates the
need for insulin [2]. Accordingly, diagnosing monogenic
diabetes has important treatment implications, and it also
informs prognosis and risk to family members [1]. None-
theless, > 80% of MODY is undiagnosed or misdiagnosed
as type 1 or 2 diabetes [3, 4].

Contemporary genetic testing for monogenic diabetes
typically involves next-generation sequencing (NGS) to
interrogate multiple implicated genes simultaneously.
When the Exeter Genomics Laboratory transitioned from
phenotype-guided single- or staged-gene sequencing to a
29-gene NGS panel, mutations were detected in a further
15% of individuals with MODY and 18% with NDM [5].

Drawing on data from 1191 participants, Shields et al.
formulated the 8-item Exeter MODY probability calcu-
lator (EMPC, www.diabetesgenes.org) to guide which
individuals benefit most from genetic testing. The EMPC
generates a pre-test probability of testing positive by
MODY genetic testing (i.e. a positive predictive value,
PPV) that was shown to be more accurate than previous
categorical clinical criteria. The authors recommended
proceeding to genetic testing at cutoffs of > 10% for indi-
viduals treated with insulin within 6 months of diagnosis
and > 25% for individuals who are not treated with insulin
within 6 months of diagnosis [1]. Importantly, this study
only included white Europeans. EMPC performance is
expected to vary with ethnicity of the patient population,
not because of the rate of monogenic diabetes which is
expected to be stochastic (apart from uncommon founder
mutations), but because of the differing rates of type 1 and
type 2 diabetes relating to polygenic factors. Another limi-
tation of the EMPC is that the original study looked only
at GCK, HNFIA and HNF4A variants. However, the over-
lapping presentation between MODY subtypes and with
other monogenic diabetes types including mitochondrial
diabetes [6] suggests that the EMPC may guide broader
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monogenic diabetes genetic testing, particularly when
simultaneous gene testing is available through NGS.

Seven studies have assessed the utility of the EMPC
against genetic testing outcomes (Table 1). As most par-
ticipants have been preselected based on other criteria sug-
gestive of monogenic diabetes, these enriched populations
are expected to have a higher MODY prevalence compared
to unselected populations. Notwithstanding this limitation,
these studies show that the observed PPV for a given EMPC
cutoff varies between countries, highlighting the need for
EMPC data from the specific multiethnic demographic of
the Australian clinical setting. The single Australian study
performed thus far described use of the EMPC with a
22-gene panel test performed in 25 participants with EMPC
scores >25% and variants identified in 0/13 non-Europeans
versus 7/12 Europeans [7]. As participants in this study were
recruited by various means including database searches and
advertising rather than routine care, real-world Australian
data are still required.

Better identifying who warrants monogenic diabetes
genetic testing is valuable given the treatment implications,
and a timely consideration now that genetic testing costs
are falling with use of more economical NGS over Sanger
sequencing [8]. Achieving a molecular diagnosis of MODY
may be increasingly important with the influx of new hypo-
glycaemic agents, meaning that affected individuals may
be less likely to chance upon a spectacular sulphonylurea
response which has traditionally been a clue to MODY.

We undertook a state-wide 5-year retrospective cohort
study of adults undergoing monogenic diabetes genetic test-
ing to describe the prevalence of monogenic diabetes in an
Australian referral cohort, in relation to Exeter maturity-
onset diabetes of the young (MODY) probability calcula-
tor (EMPC) scores and next-generation sequencing with
updated testing where relevant.

Methods

We reviewed the South Australian Adult Genetics Unit data-
base to identify all adults who underwent genetic testing for
monogenic diabetes in 2017-2021. In our state, the typical
pathway of monogenic diabetes genetic testing is for patients
to be referred to the South Australian Adult Genetics Unit
by their treating clinician based on overall clinical suspi-
cion rather than any specific probability tool. Individuals
undergoing cascade testing for a known familial variant were
excluded.

Apart from one participant who had upfront testing
for mitochondrial diabetes, all participants underwent
NGS using germline DNA extracted from peripheral
blood, and the Illumina NextSeq Sequencing System with
either an Agilent, Roche or IDT capture depending on the
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Table 1 Studies reporting on genetic testing yield with use of the Exeter MODY probability calculator (EMPC)

Study Country  Participants Monogenic diabetes type(s) Outcome
assessed

Thomas [19] UK 36 adult probands (four non-White MODY and mitochondrial DM 20% EMPC cutoff — 50% PPV
Europeans) referred for mono-
genic diabetes testing

Ang [20] Singapore 71 multiethnic Asian adults (59 MODY, monogenic insulin resist-  62% EMPC cutoff — 30% PPV
Chinese, 14 Malay and 11 Indian)  ance and lipodystrophy
preselected on features, ( e.g.,
pancreatic autoantibody status)
to exclude obvious T1DM and
T2DM

Haliloglu [21] Turkey 54 Turkish children preselected MODY 75% EMPC cutoff + additional
by criteria including pancreatic features, e.g. HbAlc — 57%
autoantibody status PPV

Davis [7] Australia 25 Australians of mixed ethnicities MODY, NDM 25% EMPC cutoff — 28% PPV
recruited by various means, e.g.,
advertising

Tarantino [22] Brazil 34 Brazilian probands with previ- ~ GCK-MODY and HNFIA-MODY  50% EMPC cutoff — 48% PPV;
ous clinical diagnosis of mono- 75% EMPC cutoff — 53% PPV
genic diabetes

Lee [23] Korea 40 Korean probands preselected MODY, NDM and lipodystrophy 50% EMPC cutoff — 15% PPV
by criteria including pancreatic
autoantibody status

Da Silva Santos [24] Portugal 73 Portuguese probands prese- All monogenic diabetes 25% EMPC cutoff — 65% PPV;

lected by criteria including
pancreatic autoantibody status

newly derived 36% EMPC
cutoff — 74% PPV

PPV positive predictive value (i.e. mutation detection rate), T1DM type 1 diabetes mellitus and 72DM type 2 diabetes mellitus

testing laboratory. Either all genes (exome sequencing
platform) or selected genes (custom sequencing panels)
were sequenced. Analysis was only performed for mono-
genic diabetes genes. Copy number variants were interro-
gated by NGS analysis and/or dedicated multiplex ligation
probe amplification (MLPA) using MRC-Holland Salsa
MLPA kits. Mitochondrial DNA testing for the most com-
mon cause of mitochondrial diabetes, NC_012920.1(MT-
TL1):m.3243A>G, was performed during initial genetic
testing in 10 participants. As this was a real-world audit
of clinical practice utilising different laboratories over
a 5-year period, there was variation in which genes were
tested, which MLPA kits were employed and the degree of
heteroplasmy detection in mitochondrial testing. Variants
were classified according to the American College of Medi-
cal Genetics and Genomics classification system: benign,
likely benign, variant of uncertain significance (VUS); likely
pathogenic (LP) and pathogenic (P) [9]. Results were con-
sidered positive if an LP or P variant was found.

Updated genetic testing or re-analysis was performed
in select individuals if clinically indicated at the time of
the audit. This included mitochondrial DNA testing for
m.3243A>G by a TagMan genotyping assay using DNA
from peripheral blood, with a 2% lower limit of hetero-
plasmy detection. Mitochondrial DNA testing was per-
formed in participants with a maternal history of diabetes,

negative or VUS results on initial monogenic diabetes
genetic testing and absence of previous mitochondrial
genetic testing.

Cascade testing for LP and P variants was performed
in blood relatives who wished to be tested, using germline
DNA and Sanger sequencing of the region containing the
relevant variant.

The probability of finding a monogenic diabetes gene
mutation was retrospectively determined in participants who
had undergone genetic testing through use of the EMPC,
with input of diagnosis age, sex, pharmacological require-
ment, time to insulin, current body mass index (BMI), cur-
rent HbAlc, current age and parental history of diabetes.
If the original referral contained an EMPC value, this was
compared against the EMPC calculated for the purposes of
this study. EMPC was not performed if diabetes diagnosis
age was > 35 years as it has not been validated beyond this
age [1]. Amongst eligible participants, we compared an
EMPC cutoff of 25% against mutation detection rates. This
EMPC cutoff was selected based on local practice and to
reflect the original EMPC study by Shields et al. [1] and the
single previous Australian study on this topic [7]. As the
EMPC score represents a PPV, finding an observed PPV
(i.e. mutation detection rate) that is comparable or better
than the selected EMPC cutoff was considered supportive
of EMPC utility.
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Clinical and genetic test characteristics and EMPC per-
formance parameters were assessed. Statistical analysis was
performed using IBM SPSS Statistics 29.0 for between-
group comparisons (Chi-squared/Fisher’s exact test for cat-
egorical variables, 7-test/Mann—Whitney test for continuous
variables) and EMPC receiver operator characteristic (ROC)
curve analysis.

The study was approved by the Central Adelaide Local
Health Network Human Research Ethics Committee (2021/
HREQ00232). All participants gave written consent to genetic
testing. Due to the audit nature of the study, consent to pub-
lication was waived by the approving Ethics Committee in
accordance with the National Health and Medical Research
Council research guidelines.

Results
Study cohort

We identified 62 individuals who underwent monogenic
diabetes genetic testing in a 5-year period between 2017
and 2021. After excluding 21 individuals who had cascade
testing for a known familial variant and one individual who
previously declined research involvement, the final cohort
consisted of 40 participants (Table 2). Ethnicity was white
European in 31/40 (77.5%), non-white European in 8/40
(20%) and unknown in 1/40 (2.5%) participants.

Initial genetic test results showed VUS in 10/40 (25%),
LP variants in 3/40 (7.5%) and P variants in 7/40 (17.5%)
participants, with the remaining 20/40 (50%) participants
having negative results. Thus, the initial result was posi-
tive (LP/P variant) in 10/40 (25%) participants. Missense,
nonsense, frameshift and splicing variants were observed,
in addition to a novel intragenic GCK duplication of exons
3-6 that was identified by NGS and confirmed by MLPA,
although it remained a VUS. The 10 cases deemed positive
by initial genetic testing included two participants with the
m.3243A>G variant.

Updated genetic test results

All 11 participants subsequently assessed for the
m.3243A>G variant in the course of updated testing had a
negative result.

Formal variant reviews were conducted in two cases
with a VUS where it appeared amenable to variant
reclassification. This resulted in a missense GCK VUS
(NM_000162.3, ¢.554T>C (p.Leul85Pro)) being upgraded
to LP, and a missense PDXI VUS (NM_000209.3,
c.725C>T (p.Pro242Leu)) being downgraded to likely
benign. The participant with the upgraded GCK variant
was already clinically suspected to have GCK-MODY and
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Table 2 Clinical and genetic test characteristics of the study cohort

Overall cohort

White European ethnicity, % 78
Female, % 65

Age at initial diabetes diagnosis, year 28 (23-32)
Age at time of genetic test, year 36 (31-46)
Time from diabetes diagnosis to genetic test, year 6 (2-15)
BMI at time of genetic test, kg/m® 25 (21-28)

742 (541-1179)
High C-peptide (above upper limit of normal), %* 16

C-peptide level, pmol/L*<

Low C-peptide (below lower limit of normal), %* 16

Negative pancreatic autoantibodies, % 94

HbA Ic at time of genetic test, %° 6.7 (6.0-7.2)
Diabetes in a parent, % 83

EMPC score, %" 46 (15-76)
Number of nuclear genes tested 34 (14-65)

Data are presented as medians and interquartile ranges (Q1-Q3) or
proportions (%)

BM1I body mass index, EMPC Exeter MODY probability calculator
#Amongst participants with a C-peptide result (n=31)
"Latest level used

€Absolute level shown, slight variation in reference intervals between
laboratories

dProportion amongst participants with available results
°IFCC units, mmol/mol: 50 (42-55)

fUsing results from time of genetic testing, median amongst partici-
pants in whom the EMPC could be calculated (n=31)

had thus ceased pharmacological treatment. Identifying
the causative variant allowed for cascade testing, which
was positive in the single relative with diabetes (labelled
as type 2 diabetes) and negative in three relatives without
diabetes.

Using these updated genetic test results, the final clas-
sification of genetic variants was VUS in 8/40 (20%), LP
in 4/40 (10%) and P in 7/40 (17.5%) participants (Table 3),
with the remaining 21/40 (52.5%) participants having neg-
ative results. Thus, the final genetic result was positive
in 11/40 (27.5%) participants. According to ethnicity, a
causative variant was identified in 10/31 (32.3%) white
Europeans versus 1/8 (12.5%) non-white Europeans (not
significant, P =0.4 using two-tailed Fisher’s exact test).

Across all participants with a positive genetic result,
cascade testing was positive for the relevant variant in 9/10
tested relatives with a history of diabetes and 0/6 tested
relatives with no history of diabetes. The single relative
with a history of diabetes but with a negative result on
cascade testing demonstrated recent normoglycaemia with
only an historical record of gestational diabetes, hence
representing a phenocopy.
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EMPC performance

EMPC performance was assessed using final genetic status
amongst the 31/40 (77.5%) participants in whom EMPC
could be calculated. In seven participants, EMPC could not
be calculated as age of diabetes diagnosis was > 35 years,
and, in one participant each, BMI or parental status was
unavailable. Genetic testing was positive in 2/9 (22.2%) par-
ticipants in whom EMPC could not be calculated.

Median EMPC score was 49% in participants with a posi-
tive versus 34% in those with a negative, final genetic status.
Amongst participants in whom EMPC could be calculated,
EMPC score was >25% in 16/24 (66.7%) white Europeans
and 3/6 (50%) non-white Europeans; an additional par-
ticipant of unknown ethnicity had an EMPC score < 25%.
Amongst all participants with EMPC scores >25%, a causa-
tive variant was identified in 37%. As the true PPV (37%)
exceeded the defined EMPC cutoff (25%), this was consid-
ered supportive of EMPC utility in the Australian multieth-
nic setting. Performance characteristics of the other EMPC
cutoffs discussed in the original EMPC study [1] are out-
lined in Table 4. A ROC curve analysis of EMPC scores
did not reach statistical significance (AUC 0.619, 95% CI
0.414-0.824).

We looked at participants with previously recorded
EMPC scores, noting that EMPC was not required for refer-
ral. We found that EMPC differed by >5% in 6/16 (37.5%)
participants when comparing values calculated for this study
versus values originally recorded by the referring/testing cli-
nician. Maximum EMPC difference was 43%. At least in one
participant, a large EMPC difference (42%) was driven by a
large HbA 1c decline from referral for genetic testing to time
of genetic testing.

Discussion

This is one of the largest published cohorts of Australian
individuals with suspected MODY, and the first Australian
study to assess EMPC scores in the clinic setting, albeit a
biased referral cohort. We have shown that contemporary

genetic testing with NGS gene panel testing, and updated
testing where relevant, produces a high yield of positive
results in individuals with clinically suspected monogenic
diabetes and their relatives with diabetes. These results
highlight the utility both of genetic testing in individuals
with clinically suspected monogenic diabetes and of cascade
testing in relatives, as well as the potential value of revisit-
ing genetic testing in individuals with initially negative or
ambiguous results. We have also shown that an EMPC score
cutoff of >25% correctly yielded a positive predictive value
of >25%, despite non-white Europeans comprising 20% of
participants. This supports EMPC use in the particular mul-
tiethnic demographic of Australia, which should help iden-
tify individuals who will benefit from monogenic diabetes
genetic testing as it becomes more affordable and accessible.

All but one participant in our study underwent genetic
testing using NGS, with examination of up to 83 genes.
Despite a median of 34 genes interrogated per participant,
only four (GCK, HNF1A, MT-TL1 and HNF4A) exhibited
causative variants. An additional six genes exhibited VUS
only. Another Australian study involving a 13-gene NGS
panel in a cohort of children with diabetes similarly found
that six genes accounted for all causative variants [10].
Nonetheless, new monogenic diabetes genes continue to be
discovered, and exome sequencing backbones, as used in
our local practice, facilitate reanalysis for emerging genes
without the need for resequencing as traditionally required
[11]. NGS is also superior to traditional Sanger sequencing
because of its capacity to identify both single-nucleotide
and copy number variants. In our study, one of the GCK
VUS was a novel, multi-exonic intragenic duplication that
is likely to be causative, and which would have been missed
by Sanger sequencing. This is the first reported case of a
duplication involving GCK; however, we have been unable
to confirm pathogenicity of this variant.

Fewer non-white Europeans had a high EMPC than
white Europeans, and they were less likely to have a posi-
tive genetic result, although these differences were not sta-
tistically significant. Larger studies are required to examine
the differential utility of the EMPC in white European ver-
sus non-white European populations. The previous smaller

Table 4 Performance of the

o EMPC > 10% cutoff EMPC >25% cutoff EMPC >40% cutoff EMPC > 60%
Exeter MODY probability (%) %) %) cutoff (%)
calculator according to final
genetic status Sensitivity 100 78 67 33
Specificity 18 45 55 68
PPV 33 37 38 30
NPV 100 83 80 71

Positive cases were those with likely pathogenic/pathogenic variants whereas all others were deemed nega-
tive for the purpose of assessing EMPC performance

EMPC Exeter MODY probability calculator, NPV negative predictive value and PPV positive predictive

value
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Australian studies have shown that non-white Europeans are
overrepresented amongst participants with negative results
on MODY genetic testing [7, 12]. A UK study similarly
found lower mutation detection in South Asians compared
to white Europeans with suspected MODY (13% vs. 29%,
p<0.001) [13]. Lower mutation detection rates in non-
Europeans likely relate to a higher background prevalence
of T2DM. Asians with apparent young-onset T2DM often
have normal BMI, at least partly due to visceral fat depo-
sition producing insulin resistance, which may lead to an
overestimation of MODY risk by the EMPC [14]. Alter-
natively, lower mutation rates in non-Europeans could
reflect more false-negatives on genetic testing due to gene
lists being derived from predominantly European cohorts.
There is evidence that the variant landscape differs in Asian
and Middle Eastern populations with suspected monogenic
diabetes compared to historical literature [15, 16]. Variant
pathogenicity may also be more difficult to determine in
non-white Europeans, as attested to by reclassification of a
KCNJ11 VUS as a pathogenic variant in a Eurasian partici-
pant of the aforementioned Australian study by Davis et al.
2 years after the original publication [7, 17].

An EMPC cutoff of 25% was selected for examination
in this study based on local practice and in line with the
original EMPC study by Shields et al. [1] and the single
other Australian study on this topic [7]. Shields et al. pro-
posed a cutoff of 25% specifically for individuals not requir-
ing insulin within 6 months of diagnosis, whereas a lower
cutoff of 10% was suggested if insulin was started within
6 months. Distinct from these cutoffs, their data in fact sup-
ported higher EMPC cutoffs of 40% and 60% for maximum
diagnostic accuracy in individuals with a label of type 1
and type 2 diabetes, respectively. However, these higher cut-
offs yielded a lower sensitivity compared to 10% and 25%
cutoffs. In real-world practice, whether the potential diag-
nosis of MODY is being compared against type 1 versus
type 2 diabetes is often blurred, complicating a split model
of screening. In our cohort, the higher EMPC cutoffs of
40% and 60% yielded PPVs that fell below these thresholds
(Table 4). This highlights the importance of determining the
optimal EMPC cutoff in a given population. Such data do
not exist in Australia. We attempted to identify the optimal
EMPC cutoff via ROC curve analysis, but the results were
not significant within the limits of this small cohort.

Other considerations when applying the EMPC in clinical
practice are the requirement for the age of diabetes diag-
nosis to be <35 years, which precluded EMPC use in 7/40
(17.5%) participants, and use of the latest HbAlc and BMI
rather than baseline values, which appeared to contribute to
the > 5% EMPC discrepancy seen in 37.5% of our cohort.
One person with a 42% EMPC discrepancy yielded a posi-
tive genetic result which would have been missed if a strict
threshold for genetic referral/testing was mandated, as the

referring EMPC score was just 7% using earlier HbAlc val-
ues compared to 49% using a much lower HbAlc that was
achieved after insulin titration in this participant.

The mitochondrial variant m.3243A>G was identified
in 2/40 (5%) of participants. One affected individual devel-
oped diabetes at 44 years and had short stature, bilateral
deafness and longstanding myalgia. The other affected indi-
vidual developed diabetes at 28 years without mitochondrial
features. This supports recent literature calling for syndro-
mic monogenic diabetes genes to be tested in all suspected
MODY cases despite a lack of syndromic features [6, 18].

Study limitations include the small size of the cohort
and selection bias. This was a convenience sample of indi-
viduals who were suspected to have monogenic diabetes by
their treating physicians based on ad hoc clinical criteria
and hence referred to the clinical genetics service for con-
sideration of testing. The use of a referral cohort in this and
other studies described in Table 1 means that the derived
MODY prevalence rates in these enriched populations will
be expectedly higher compared to when the EMPC is used
in the general population. Future research could overcome
the inherent bias of this and other referral cohort studies by
performing both the EMPC and contemporary genetic test-
ing across an entire population cohort of individuals with
diabetes; the cost of this would be a major barrier, although
MODY genetic testing was successfully undertaken in an
unselected population-based paediatric diabetes cohort of
821 children led by Duncan et al. [10]. Another limitation
of our study is that it was conducted in South Australia only,
and these South Australian data do not necessarily reflect
how the EMPC would perform nationally. There was also
heterogeneity in genetic testing methodology, reflecting real-
world practice with variations between testing clinicians and
over time.

In conclusion, we have shown a high yield of positive
genetic test results in individuals with clinically suspected
monogenic diabetes and their relatives with diabetes using
NGS, which enables simultaneously testing of multiple
genes and identification of copy number variants. We have
also outlined the value and nuances of the EMPC in a mul-
tiethnic Australian clinical setting, with an EMPC cutoff of
25% yielding a PPV of 37%. The EMPC is currently used
by Australians in an ad hoc manner; more data are required
before its use can be routinely recommended. We are now
conducting a prospective study employing the EMPC in
unselected individuals with diabetes. In addition, a national
guideline on genetic testing in adults with suspected mono-
genic diabetes is currently underway. Greater familiarity
and use of the EMPC as a screening tool together with the
increasing accessibility of comprehensive genetic testing via
NGS will help address the frequent misdiagnosis of mono-
genic diabetes as type 1 or type 2 diabetes and facilitate
genotype-driven diabetes management.

@ Springer



188

Acta Diabetologica (2024) 61:181-188

Acknowledgements We thank Melissa Paoletti for her assistance in
arranging mitochondrial DNA testing.

Funding Open Access funding enabled and organized by CAUL and its
Member Institutions. SMCD receives funding from the Royal Adelaide
Hospital Mary Overton Early Career Research Fellowship, the Royal
Australasian College of Physicians Fellows Research Establishment
Fellowship and the Endocrine Society of Australia Postdoctoral Award.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval The study was approved by the Central Adelaide
Local Health Network Human Research Ethics Committee (2021/
HREO00232).

Informed consent All participants gave written consent to genetic
testing. Due to the audit nature of the study, consent to publication
was waived by the approving Ethics Committee in accordance with
the National Health and Medical Research Council research guidelines.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Shields BM, McDonald TJ, Ellard S, Campbell MJ, Hyde C,
Hattersley AT (2012) The development and validation of a clini-
cal prediction model to determine the probability of MODY in
patients with young-onset diabetes. Diabetologia 55:1265-1272

2. Giuffrida FM, Reis AF (2005) Genetic and clinical characteristics
of maturity-onset diabetes of the young. Diabetes Obes Metab
7:318-326

3. Shields BM, Hicks S, Shepherd MH, Colclough K, Hattersley AT,
Ellard S (2010) Maturity-onset diabetes of the young (MODY):
how many cases are we missing? Diabetologia 53:2504-2508

4. Moxham R, Greenfield JR, Viardot A, Wu KHC (2022) Tip of the
iceberg: are we missing undiagnosed patients with maturity onset
diabetes of the young? Intern Med J 52:2011-2012

5. Ellard S, Lango Allen H, De Franco E, et al (2013) Improved
genetic testing for monogenic diabetes using targeted next-gener-
ation sequencing. Diabetologia 56:1958-1963

6. Colclough K, Ellard S, Hattersley A, Patel K (2022) Syndromic
monogenic diabetes genes should be tested in patients with a clini-
cal suspicion of maturity-onset diabetes of the young. Diabetes
71:530-537

7. Davis TM, Makepeace AE, Ellard S, et al (2017) The prevalence
of monogenic diabetes in Australia: the fremantle diabetes study
phase II. Med J Aust 207:344-347

8. De Sousa SM, Hardy TS, Scott HS, Torpy DJ (2018) Genetic
testing in endocrinology. Clin Biochem Rev 39:17-28

@ Springer

9. Richards S, Aziz N, Bale S, et al (2015) Standards and guidelines
for the interpretation of sequence variants: a joint consensus rec-
ommendation of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology. Genet
Med 17:405-423

10. Johnson SR, Ellis JJ, Leo PJ, et al (2019) Comprehensive genetic
screening: the prevalence of maturity-onset diabetes of the young
gene variants in a population-based childhood diabetes cohort.
Pediatr Diabetes 20:57-64

11. Johnson SR, Leo P, Conwell LS, Harris M, Brown MA, Duncan
EL (2018) Clinical usefulness of comprehensive genetic screening
in maturity onset diabetes of the young (MODY): A novel ABCC8
mutation in a previously screened family. J Diabetes 10:764-767

12. Ali AS, Wong JC, Campbell A, Ekinci EI (2022) Testing for
monogenic diabetes is lower than required to reveal its true prev-
alence in an Australian population. Diabetes Epidemiol Manag
6:100069

13. Misra S, Shields B, Colclough K, et al (2016) South Asian indi-
viduals with diabetes who are referred for MODY testing in the
UK have a lower mutation pick-up rate than white European peo-
ple. Diabetologia 59:2262-2265

14. Chow E, Chan JC (2017) Explaining the high prevalence of
young-onset diabetes among Asians and indigenous Australians.
Med J Aust 207:331-332

15. LiuY, Xie Z, Sun X, et al (2020) A new screening strategy and
whole-exome sequencing for the early diagnosis of maturity-onset
diabetes of the young. Diabetes Metab Res Rev 37:¢3381

16. Patel KA, Ozbek MN, Yildiz M, et al (2022) Systematic genetic
testing for recessively inherited monogenic diabetes: a cross-
sectional study in paediatric diabetes clinics. Diabetologia
65:336-342

17. Davis TM, Makepeace AE, Peters K, Colclough K, Davis WA
(2019) Updated prevalence of monogenic diabetes in Australia:
fremantle diabetes study phase 2. Med J Aust. 211:189.el

18. Saint-Martin C, Bouvet D, Bastide M, Bellanné-Chantelot C
(2022) Gene panel sequencing of patients with monogenic dia-
betes brings to light genes typically associated with syndromic
presentations. Diabetes 71:578-584

19. Thomas ER, Brackenridge A, Kidd J, et al (2016) Diagnosis of
monogenic diabetes: 10-year experience in a large multi-ethnic
diabetes center. J Diabetes Investig 7:332-337

20. Ang SF, Lim SC, Tan C, et al (2016) A preliminary study to evalu-
ate the strategy of combining clinical criteria and next generation
sequencing (NGS) for the identification of monogenic diabetes
among multi-ethnic Asians. Diabetes Res Clin Pract 119:13-22

21. Haliloglu B, Hysenaj G, Atay Z, et al (2016) GCK gene muta-
tions are a common cause of childhood-onset MODY (maturity-
onset diabetes of the young) in Turkey. Clin Endocrinol (Oxf)
85:393-399

22. Tarantino RM, Abreu GM, Fonseca ACP, et al (2020) MODY
probability calculator for GCK and HNF1A screening in a multi-
ethnic background population. Arch Endocrinol Metab 64:17-23

23. Lee DH, Kwak SH, Park HS, Ku EJ, Jeon HJ, Oh TK (2021)
Identification of candidate gene variants of monogenic diabetes
using targeted panel sequencing in early onset diabetes patients.
BMJ Open Diabetes Res Care 9:¢002217

24. da Silva Santos T, Fonseca L, Santos Monteiro S, et al (2022)
MODY probability calculator utility in individuals’ selection for
genetic testing: its accuracy and performance. Endocrinol Diabe-
tes Metab 5:e00332

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/

	Identification of monogenic diabetes in an Australian cohort using the Exeter maturity-onset diabetes of the young (MODY) probability calculator and next-generation sequencing gene panel testing
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Study cohort
	Updated genetic test results
	EMPC performance

	Discussion
	Acknowledgements 
	References




