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« A total of 1640 individuals representing all of the 14 identified MODY sub-
types were included.

« MODY accounted for 0.2% of children, adolescents, and adults with diabetes
in DPV.

« As of today, not all physicians and individuals with MODY are familiar with
current treatment recommendations so far.

« Registries are an important source for representing rare diabetes types and
provide a basis for discussing treatment guidelines for individuals
with MODY.
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Abstract

Background: Individuals with maturity-onset diabetes of the young (MODY)
are often misdiagnosed as type 1 or type 2 diabetes and receive inappropriate
care. We aimed to investigate the characteristics and treatment of all MODY
types in a multicenter, real-world setting.

Methods: Individuals with MODY from the diabetes prospective follow-up
(DPV) registry were studied. We compared clinical parameters during the first
year of diabetes and the most recent treatment year after MODY diagnosis.
Results: A total of 1640 individuals were identified with GCK-MODY
(n =941) and HNFIA-MODY (n = 417) as the most frequent types. Among
these, 912 individuals were available with information during the first and the
most recent treatment year (median duration of follow-up: 4.2 years [2.6-6.6]).
Positive beta cell autoantibodies were present in 20.6% (15.2% IAA). Median
age at diagnosis ranged from 9.9 years in GCK-MODY (Q1-Q3: 6.2-13.1 years)

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2024 The Author(s). Journal of Diabetes published by Ruijin Hospital, Shanghai Jiaotong University School of Medicine and John Wiley & Sons Australia, Ltd.

Journal of Diabetes. 2024;16:€70028.
https://doi.org/10.1111/1753-0407.70028

wileyonlinelibrary.com/journal/jdb 1o0f12


https://orcid.org/0000-0002-3789-6459
mailto:stefanie.lanzinger@uni-ulm.de
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/jdb
https://doi.org/10.1111/1753-0407.70028

2002_| \WLEY_ Joumalof Diabetes

LANZINGER ET AL.

KEYWORDS

drugs, real-world data

1 | INTRODUCTION
The term “maturity-onset diabetes of the young
(MODY)” currently includes 14 known monogenic but
clinically heterogeneous forms of diabetes with an auto-
somal dominant pattern of inheritance."* MODY is clas-
sified among “other specific types of diabetes” and is
characterized by diverse defects of beta-cell function,
representing a small proportion of <5% of individuals
with diabetes.>* Moreover, MODY is represented by a
family history of diabetes, diabetes onset before the age
of 25 years, mostly impaired insulin secretion with mini-
mal or no defects in insulin action, and absence of islet
autoantibodies.” However, de novo mutations in respec-
tive genes and positivity of islet autoantibodies have also
been reported in association with MODY.®’ With the
wide availability of genetic testing, discrimination
between functional pathogenic variants and benign or
likely benign variants has become more challenging.®
Data from diabetes registries have shown that individ-
uals with MODY are often initially misdiagnosed as type
1 or type 2 diabetes.”'* Misdiagnosis might lead to inade-
quate and inefficient treatment.*"> Currently, 14 subtypes
of MODY have been identified, which differ in the
affected gene, pathogenesis of hyperglycemia, age at
onset, recommended treatment, and phenotype.” Patho-
genic variants in the glucokinase gene (GCK-MODY), in
hepatocyte nuclear factor 1-alpha (HNF1A-MODY), and
HNF4A are the most common causes, accounting for
>90% of all MODY types in the UK, Europe, and the
United States.'® GCK-MODY is characterized by mild
and nonprogressive hyperglycemia with a low risk of
microvascular complications.'”” Usually, GCK-MODY
does not require any pharmacological treatment, as long
as there are no other diabetogenic risk factors,’” but

and INS-MODY (2.7-13.7 years) to 14.3 years (5.0-17.1) in KCNJ11-MODY.
Frequency of oral antidiabetic agents (OAD) use increased and insulin
decreased in HNF4A-MODY (OAD: 18% to 39%, insulin: 34% to 23%) and in
HNF1A-MODY (OAD: 18% to 31%, insulin: 35% to 25%). ABCC8-MODY was
characterized by a decrement in nonpharmacological treatment (26% to 16%)
and “insulin only” treatment (53% to 42%), while the proportion of individuals
treated with OAD but no insulin increased from 0% to 21%.

Conclusions: Our results indicate that some teams caring for individuals with
MODY are hesitant with regard to current recommendations. Registries are an
essential source of information and provide a basis for discussing treatment
guidelines for MODY.

diabetes prospective follow-up (DPV) registry, MODY, monogenic diabetes, oral antidiabetic

pregnant women with a GCK pathogenic variant might
require insulin therapy whether there is increased intra-
uterine growth/weight gain in the offspring.'®'” In con-
trast, microvascular complications are common in
HNF1A-MODY, and current guidelines recommend sul-
phonylureas as first-line treatment.>** Pathogenic vari-
ants in HNF4A are less common than in HNFIA, while
the clinical presentation and the response to sulphonylur-
eas are similar to HNFIA-MODY.* However, insulin is
the first-line treatment option for individuals with
HNF1B-MODY.>'® A recent study of the diabetes pro-
spective follow-up (DPV) initiative analyzed individuals
with ABCC8-MODY or KCNJ11-MODY and reported a
switch from insulin to oral sulfonylureas in most persons
while maintaining good metabolic control.”’

We aimed to investigate the characteristics, frequency
of microvascular complications, and cardiovascular risk
factors in individuals with MODY in a multicenter, real-
world setting. Moreover, we examined changes in treat-
ment between the first year of diabetes and the most
recent treatment year after MODY diagnosis. We studied
individuals with all MODY types documented in the DPV
registry. In particular, we aimed to compare treatment
recommendations for the 14 MODY subtypes with the
treatment in real-world routine clinical care.

2 | MATERIALS AND METHODS

DPV is a multicenter prospective registry comprising
pediatric and adult healthcare facilities.”> >* As of March
2023, the DPV initiative is represented by 518 centers,
including 466 centers in Germany, 46 in Austria, one in
Luxembourg, and five in Switzerland. For the current
study, 281 centers with documented information on
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individuals with MODY were included (Supplemental
Material). The centers send pseudonymized data to Ulm
University every 6 months, where data are validated and
subsequently aggregated into the anonymized cumulative
DPV registry. Data collection and analysis for bench-
marking and diabetes research were approved by the
ethics committee of Ulm University (314/21) and by local
review boards of the participating centers. The DPV regis-
try was described in more detail elsewhere.*

2.1 | Study population and variables
Individuals of all age groups with a confirmed MODY diag-
nosis were included in the current analysis. Characteristics
extracted from DPV included sex, age, diabetes duration,
body mass index (BMI, kg/m?), HbAlc (% or mmol/mol),
insulin therapy, and daily insulin dose (IU/kg) as well as
the use of oral antidiabetic agents (OAD). German refer-
ence data for children, adolescents, and adults were used
to calculate BMI standard deviation scores (BMI-SDS).*® A
BMI-SDS >1.881 (97th percentile) was defined as obesity.
We accounted for different laboratory methods by using
the multiple of the mean transformation method to stan-
dardize HbAlc values to the Diabetes Control and Compli-
cations Trial (DCCT) reference range of 4.05%-6.05%
(20.7-42.6 mmol/mol).”” Hypertension was specified as a
median systolic blood pressure > 140 mmHg and/or a dia-
stolic blood pressure > 90 mmHg or treatment with anti-
hypertensive medication. A total cholesterol >200 mg/dL,
low-density lipoprotein cholesterol >160 mg/dL, high-
density lipoprotein cholesterol <40 mg/dL, triglyceride
>150 mg/dL, or treatment with lipid-lowering medication
was specified as dyslipidemia.

We also investigated the proportion of individuals
with retinopathy, microalbuminuria (at least two abnor-
mal urine albumin measurements), beta cell antibody
positivity, number of positive beta cell antibodies, and
pregnancy in females.

DKA was defined as pH less than 7.3 or bicarbonate
less than 15 mmol/L*® and severe hypoglycemia as an
event associated with cognitive impairment requiring
help from a third person, including seizure, convulsion,
or loss of consciousness.

Whether the documented person or at least one par-
ent was not born in Germany, Austria, Switzerland, or
Luxembourg, the individual was considered to have a
migratory background.

2.2 | Aggregation

Aggregated information on clinical parameters during
the first year after diabetes diagnosis (excluding the first
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3 months for HbAlc), and during the most recent treat-
ment year per person, were compared to show potential
switches in treatment and outcome during follow-up.
Treatment was categorized into four groups: OAD/GLP-1
only, insulin-only, OAD plus insulin, and lifestyle only
(nonpharmacological treatment).

2.3 | Statistical analysis

Absolute and relative frequencies of documented MODY
types were presented overall and stratified by <18 years
and >18 years of age during the most recent treatment
year. In case the absolute frequency of a MODY type was
>5, clinical characteristics during the first year after diag-
nosis and the most recent treatment year were compared.
Continuous parameters are presented as median together
with lower and upper quartiles, and categorical variables
are depicted as proportions. DKA and severe hypoglyce-
mia are presented as event rates per 100 person years.

We used Sankey plots to illustrate switches in treatment
from the year of diabetes diagnosis to the most recent treat-
ment year. We studied changes in HbAlc and BMI-SDS
from the first year after diagnosis to the most recent treat-
ment year using repeated measures linear regression models.
Sex, age at diagnosis, current age, migratory background,
and treatment were included as covariables. In addition, an
interaction term between year and treatment was included
in the models. Regression results are presented as least
square means together with 95% confidence intervals (CI).

We used the SAS version 9.4 (TS1IM7, SAS Institute
Inc., Cary, NC) on a Windows server mainframe for sta-
tistical analyses. A two-sided p-value <0.05 was consid-
ered as statistically significant.

3 | RESULTS

Currently, the DPV registry includes 673 126 individuals
with diabetes (164 885 (24.5%) with type 1 diabetes,
464 897 (69%) with type 2 diabetes, and 25 428 (3.8%)
with gestational diabetes). In addition, 17 916 (2.7%) indi-
viduals are classified as “other specific types of diabetes.”
Overall, 1640 individuals harbored a diagnosis of MODY
(types 1 to 14) and were included in the analysis.

Table 1 shows the frequency of the documented
MODY types in DPV overall and stratified by age group
during the most recent treatment year. All 14 known
MODY types are represented in the registry, with GCK-
MODY (n =941) and HNF1A-MODY (n = 417) as the
most frequent types. The proportion of individuals classi-
fied as “other specific types of diabetes” increased over
time, with a peak of 5.4% of diagnoses in 2020 (of these
0.9% with MODY; Figure 1).
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The 912 individuals with MODY with information
during the first year after diabetes diagnosis were further
investigated, and treatment in the first year after
diagnosis and during the most recent treatment year was
compared. Minimum time interval was 1 year. The pro-
portion of individuals with a documented MODY type
and positive beta cell autoantibodies was 20.6% (15.2%
insulin autoantibodies [IAA], 4.2% antibodies to glutamic

TABLE 1 Frequency of MODY types in DPV overall
(n = 1640) as well as stratified by age group during the most recent
treatment year.

MODY type Gen Total <18years >18 years
MODY 1 HNF4A 111 58 53
MODY 2 GCK 941 795 146
MODY 3 HNFIA 417 265 152
MODY 4 PDX1 21 13 8
MODY 5 HNFIB 84 43 41
MODY 6 NEURODI1 3 2 1
MODY 7 KLF11 6 4 2
MODY 8 CEL 2 2 0
MODY 9 PAX4 2 2 0
MODY 10 INS 8 4 4
MODY 11 BLK 4 3 1
MODY 12 ABCCS8 30 22 8
MODY 13 KCNIJ11 10 5 5
MODY 14 APPL1 1 1 0

Abbreviation: MODY, maturity-onset diabetes of the young.

10

% diabetes type
(4]

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

year of diagnosis

acid decarboxylase [GAD], 3.0% islet cell antibodies
[ICA], and 1.6% IA-2A). Of those, 15.9% showed one posi-
tive antibody only, 3.4% at least two positive antibodies,
and 1.3% were the number of positive antibodies was not
reported. The frequency of individuals initially diagnosed
with another diabetes type was 27.6%; of these, the
majority were initially diagnosed with type 1 diabetes
(71.8%). The documented individuals with MODY
(54.4%) were treated in large diabetes centers, caring for
at least 200 persons annually.

Clinical characteristics during the most recent treat-
ment year of the 912 individuals stratified by MODY type
are shown in Table 2. Median age at diagnosis ranged
from 9.9 years in GCK-MODY (Q1-Q3: 6.2-13.1 years)
and INS-MODY (2.7-13.7 years) to 14.3 years (5.0-17.1)
in individuals with KCNJ11-MODY. The proportion of
children and adolescents <18 years was high, with >50%
in all MODY types except for HNFIB (44.9%). The pro-
portion of males was highest in ABCC8-MODY (57.9%)
and lowest in HNF4A-MODY and INS-MODY (28.6%).
During the most recent treatment year, the frequency of
insulin therapy was lowest in GCK-MODY (5.7%) and
highest in KLF11-MODY (100%), while the proportion of
individuals with OAD / GLP-1 therapy ranged from 6.1%
(GCK-MODY) to 62.5% (HNF4A-MODY). Dipeptidyl
peptidase-4 inhibitors (DPP-4i) were used by 4.1% in indi-
viduals with HNF1B-MODY and were less common in
the other MODY types. The proportion of sodium-glucose
cotransporter 2 inhibitors (SGLT-2i) use was 16.7% in
KLF11-MODY and 5.3% in ABCC8-MODY, while below
2% in the other types. DKA at diagnosis was absent (0%)
in all MODY types except one person with KLF11-MODY

FIGURE 1
_——mmm TS proportion of individuals classified with
“other specific types of diabetes” (solid
line) and MODY (dashed line) by year of
diabetes diagnosis. MODY, maturity-
onset diabetes of the young.

Temporal trend in the
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(Continued)

TABLE 2

MODY 13
KCNJ11

MODY 12
ABCCS8

MODY 10
INS

MODY 7
KLF11

MODY 5
HNF1B

MODY 4
PDX1

MODY 3
HNF1A

MODY 2

GCK

MODY 1
HNF4A

n=19

n =523 n =223 n=13 n=49

n =56

04 04 0.0 4.1 0.0 0.0 0.0 0.0

1.8

DPP-4i (%)

0.6 21.5 15.4 2.0 0.0 0.0 5.3 28.6

17.9

Glinides (%)

0.2 0.9 0.0 2.0 0.0 14.3 53 0.0

0.0

GLP-1 RA (%)
Glitazones (%)

SGLT-2i (%)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

53

0.0

16.7

0.0

0.0

0.4

0.0

1.8

2.5 29.1 154 2.0 0.0 14.3 36.8 14.3

35.7

Sulfonylureas (%)

88.9 26.0 38.5 14.3 0.0 28.6 15.8 429

14.3

Lifestyle (%)

Median (Q1-Q3) or %

Abbreviations: BMI-SDS, body mass index standard deviation scores; MODY, maturity-onset diabetes of the young.

LANZINGER ET AL.

(n =1 out of 6, 16.7%). Moreover, event rates of DKA
during follow-up were 0.9 events per 100 person years in
HNF1A-MODY and 1.7 events per 100 person years in
HNFI1B-MODY. Dyslipidemia and hypertension were
most common in HNF1B-MODY (52.9% dyslipidemia,
58.3% hypertension) and KLF11-MODY (75% dyslipide-
mia, 100% hypertension), while were less common in
ABCC8-MODY (18.2% dyslipidemia, 25.0% hypertension).
Proportion of persons with obesity ranged from 0%
(KCNJ11-MODY) to 66.7% (KLF11-MODY). The frequency
of retinopathy was low, and the presence of microalbumi-
nuria was 0% in ABCC8-MODY and KCNJ11-MODY,
while microalbuminuria ranged from 1.8% in HNF4A-
MODY and HNFI1A-MODY to 16.7% (1 out of 6 individ-
uals) in KLF11-MODY.

3.1 | Changes in treatment during
follow-up

Changes in treatment for the MODY types HNF4A, GCK,
HNF1A, HNFI1B, and ABCC8 from the first year after
diagnosis to the most recent treatment year are presented
in Figure 2A-E. Median time from the first year to the
most recent treatment year was 4.2 years (2.6-6.6).

In individuals with HNF4A-MODY, we observed a shift
from lifestyle-only and insulin-only towards treatment with
OAD from the first year after diagnosis to the most recent
year (Figure 2A). For example, the use of OAD only
increased from 18% to 39%, while lifestyle-only decreased
from 25% to 14% and insulin-only from 34% to 23%.

With regard to GCK-MODY, the majority of individ-
uals were on lifestyle therapy only (89% in the most recent
treatment year; Figure 2B). The proportion of individuals
with HNF1A-MODY treated with OAD only increased
over time from 18% to 31%, while treatment with insulin-
only was 35% in the first year after diagnosis and 25% in
the most recent treatment year (Figure 2C). Individuals
with HNFIB-MODY showed a high proportion of treat-
ment with insulin alone in both periods, with 67% in the
first year and 69% in the most recent treatment year
(Figure 2D). ABCC8-MODY was characterized by a decre-
ment in lifestyle-only (26% to 16%) and insulin-only (53%
to 42%), while the proportion of individuals treated with
OAD only increased to 21% (Figure 2E). Changes in treat-
ment for PDXI-MODY, KLF11-MODY, and KCNIJ11-
MODY are presented in Supplemental Figure 1.

3.2 | Glycemic control and BMI-SDS

Changes in adjusted HbAlc means were studied for the
MODY types HNF4A, GCK, HNF1A, HNF1B, ABCCS,
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FIGURE 2

Sankey plots showing changes in treatment from first year after diagnosis to the most recent year in (A) HNF4A-MODY,

(B) GCK-MODY, (C) HNF1A-MODY, (D) HNF1B-MODY, and (E) ABCC8-MODY. MODY, maturity-onset diabetes of the young.

and KCNJ11, while ABCC8 and KCNJ11 were combined.
Overall, HbAlc differed between the treatment groups
(Table 3). However, we observed no statistically signifi-
cant changes in HbAlc from the first to the most recent
treatment year in HNF4A-MODY, HNF1B-MODY, and
ABCC8-MODY/KCNJ11-MODY within the treatment
groups. In individuals with GCK-MODY, HbAlc

increased slightly from 6.4% (95% CI: 6.3-6.5) to 6.8%
(6.6-6.9) in the group treated with insulin-only. More-
over, we found a significant increase in HbAlc in HNF1A
in the insulin-only (6.5% [6.2-6.8] to 7.5% [7.1-7.8]) and
in the OAD and insulin (6.6% [6.2-7.0] to 7.6% [7.1-8.0])
group. No significant changes from the first to the most
recent treatment year in BMI-SDS were observed.
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TABLE 3
migratory background, and treatment.

Changes in HbA1lc and BMI-SDS from first year to most recent treatment year, adjusted for sex, age at diagnosis, current age,

BMI-SDS
Adjusted mean (95%-confidence
interval)
p-value First year Most recent year p-value
0242  1.0(0.4-1.5) 0.9 (0.5-1.3) 0.876
0254 0.9 (0.4-1.3) 1.1 (0.6-1.7) 0.388
0.682  1.0(0.5-1.4) 1.0 (0.5-1.5) 0.909
0.901 0.6 (0.1-1.2) 1.1 (0.4-1.7) 0.249
0.499 0.6 (0.3-0.9) 0.6 (0.3-0.9) 0.937
<0.001 0.0 (—0.3-0.2) 0.1 (—0.2-0.5) 0.343
0.864 0.8 (0.3-1.4) 0.8 (0.0-1.5) 0.921
0.282 0.1 (0.0-0.3) 0.2 (0.1-0.3) 0.230
0.026 0.8 (0.5-1.0) 0.8 (0.6-1.0) 0.882
<0.001 0.7 (0.5-0.9) 0.8 (0.6-1.1) 0.346
0.001 0.8 (0.5-1.0) 0.9 (0.6-1.1) 0.623
0.143  0.5(0.3-0.8) 0.6 (0.3-0.8) 0.863
0.679 0.0 (—1.1-1.2) —0.7 (=2.4-0.9) 0.447
0.179  0.5(0.1-1.0) 0.3 (—0.1-0.7) 0.334
0.718 0.6 (—0.2-1.4) 0.9 (0.1-1.6) 0.579
0.646 0.5(—0.3-1.4) 0.4 (—0.4-1.2) 0.760
NA NA 0.3 (—0.5-1.0) NA
0.579 1.3 (0.5-2.1) 0.5 (—0.4-1.5) 0.172
0.341 0.7 (0.0-1.5) 1.1 (0.4-1.9) 0.282
0.620 1.1 (0.2-2.0) 0.6 (—0.2-1.5) 0.081

Abbreviations: BMI-SDS, body mass index standard deviation scores; MODY, maturity-onset diabetes of the young; NA, not applicable; OAD, oral antidiabetic

HbAlc
Adjusted mean (95%-confidence
interval)
Treatment First year Most recent year
HNF4A-MODY
OAD only 6.3 (5.3-7.3) 7.0 (6.4-7.6)
Insulin only 7.0 (6.3-7.7) 7.6 (6.8-8.5)
OAD plus insulin 6.6 (5.8-7.4) 6.8 (6.1-7.6)
Lifestyle only 6.4 (5.5-7.3) 6.5 (5.4-7.6)
GCK-MODY
OAD only 6.3 (6.1-6.5) 6.2 (6.1-6.4)
Insulin only 6.4 (6.3-6.5) 6.8 (6.6-6.9)
OAD plus insulin 5.9 (5.6-6.3) 6.0 (5.6-6.4)
Lifestyle only 6.2 (6.1-6.2) 6.1 (6.1-6.2)
HNF1A-MODY
OAD only 6.0 (5.6-6.4) 6.6 (6.2-6.9)
Insulin only 6.5 (6.2-6.8) 7.5(7.1-7.8)
OAD plus insulin 6.6 (6.2-7.0) 7.6 (7.1-8.0)
Lifestyle only 5.9 (5.5-6.3) 6.2 (5.9-6.6)
HNF1B-MODY
OAD only 6.3 (3.7-8.8) 7.2 (3.6-10.7)
Insulin only 6.5 (5.7-7.3) 7.2 (6.6-7.9)
OAD plus insulin 7.6 (6.0-9.3) 8.0 (6.6-9.5)
Lifestyle only 6.3 (4.7-7.9) 5.9 (4.4-7.3)
ABCC8-/KCNJ11-MODY
OAD only NA 6.5(5.8-7.2)
Insulin only 6.6 (5.9-7.2) 6.8 (6.1-7.5)
OAD plus insulin 7.0 (6.1-7.8) 7.4 (6.6-8.1)
Lifestyle only 6.2 (5.5-7.0) 6.1 (5.3-6.9)
agents.
4 | DISCUSSION

We identified 1640 individuals with MODY in the DPV
registry, with GCK (n = 941) and HNFIA (n = 417) as
the most common MODY types. Of these, 912 individuals
presented information during the first year after diagno-
sis of diabetes and the most recent treatment year.
Molecular-genetic classified MODY accounted for 0.2% of
children, adolescents, and adults with diabetes in DPV,
and therefore, our presented prevalence is lower in com-
parison to the reported prevalences for children (0.9%)
and adults (0.4%) in population-based studies from
Norway."*?° However, a previous study using data

from the DPV registry identified 0.8% of children and
adolescents below 20 years of age with MODY.’ In accor-
dance with our research, Kropff and colleagues
observed a MODY prevalence of 0.2% in young adults in
their community-based, cross-sectional study in the
UK.>' Studies with a systematic genetic screening
approach found prevalences of 2.5% to 4.2% of all diabe-
tes cases in children and adolescents in Western
European cohorts.**??

Most MODY cases currently documented in DPV
were diagnosed between 2007 and 2020, indicating an
increased awareness of MODY during the last 15 years
and an improvement in clinical assessment and genetic
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analysis.”"** Further, the growing recognition of the clin-
ical significance of MODY might improve screening and
diagnostic procedures.**

Positive beta cell autoantibodies were found in 20.6%
(15.2% insulin autoantibodies [IAA], 4.2% antibodies to
glutamic acid decarboxylase [GAD], 3.0% islet cell anti-
bodies [ICA], and 1.6% IA-2A). Of those, 15.9% showed
one positive antibody, 3.4% had at least two positive anti-
bodies, and 1.3% were reported with an unknown num-
ber of positive antibodies. A previous study of the DPV
initiative showed a slightly lower proportion of positive
beta-cell autoantibodies in individuals with MODY
(17%).° However, we included all age groups in our anal-
ysis, whereas Schober and colleagues studied children
and adolescents <20 years only. Further, 25% of individ-
uals with MODY were positive for GAD and IA-2 in a
small study from the Czech Republic.” It has to be noted
that these might be transient beta cell antibodies that are
induced by beta cell distress and are therefore reversible.

No DKA at diagnosis was observed in a study con-
ducted in Finland.*® In our analysis, only one patient
with KLF11-MODY had DKA at diagnosis. The frequency
of microvascular complications was reported to be rare in
GCK-MODY.'"?® Steele and colleagues observed micro-
vascular complications in 1% of individuals with GCK in
a cross-sectional study in the UK.'” The proportion of
microalbuminuria (at least two abnormal urine albumin
measurements) was around 2% in HNF4A, GCK, and
HNF1A, whereas one patient representing 16.7% with
KLF11-MODY presented with microalbuminuria in our
analyses.

In accordance with a study from Poland,*” retinopathy
was not detected in GCK-MODY in our analysis but in
1.8% of individuals with HNF4A-MODY. One of the main
findings of a single-center study in India was that the prev-
alence of retinopathy and nephropathy in MODY was
higher compared to type 1 and type 2 diabetes.”® There-
fore, regular screening for retinopathy and nephropathy in
individuals with MODY, especially with variants in
HNF4A, HNF1A, and HNF1B, is recommended.

For the MODY types HNF4A and HNFI1A, we
observed a shift towards treatment with OAD during the
most recent treatment year. Sulfonylureas are recom-
mended as first-line therapy,*° and accordingly, 36% of
documented individuals in DPV with HNF4A and 29%
with HNF1A were treated with sulfonylureas in the most
recent treatment year. In the case of HNFIA, the risk of
hypoglycemia must be considered, as insulin sensitivity
can be normal or increased in individuals with HNF1A-
MODY.*® Glinides and glucagon-like Peptide-1 receptor
agonists have also been effective in HNF4A-MODY and
HNFIA-MODY.*>* Current guidelines do not recom-
mend pharmacological treatment for GCK-MODY, except

during pregnancy.>*® The proportion of pregnancy in
females in the most recent treatment year was 1.9% in
our study, and 89% of all persons with GCK did not take
any pharmacological treatment. Insulin treatment played
a significant role in HNF1B-MODY, as 69% were on insu-
lin at the most recent treatment year. The HNFI1B muta-
tion is associated with a heterogeneous phenotype, also
known as “renal cysts and diabetes” syndrome.*” Early
initiation of insulin treatment is recommended due to
decreased insulin secretion with progressive worsening of
glucose control.” Treatment with OAD only increased to
21% in individuals with ABCC8-MODY, while the pro-
portion with insulin-only (42%) and OAD plus insulin
(21%) was high. Variants in the potassium channel
(ABCC8 or KCNJ11) are often associated with neonatal
diabetes, but the onset of diabetes can also occur later in
life.’ Variants in the ABCC8 gene were more common in
DPV compared to KCNJ11.** Studies have shown that
ABCCS8 is often misdiagnosed and unnecessarily treated
with insulin, while sulfonylureas are primarily recom-
mended.” Our study's high proportion of insulin treat-
ment might indicate that not all physicians are familiar
with these current recommendations. Patients may also
be hesitant to stop insulin replacement. Similarly, sulfo-
nylureas are also recommended for KCNJ11-MODY.

PDXI1-MODY is rare and was observed in 13 persons
with information during the first and most recent treat-
ment year in DPV. PDX1 is characterized by a mild form
of diabetes and can usually be treated with OAD.
Accordingly, we found a proportion of 39% with OAD
and 31% with insulin therapy. Furthermore, we identified
six persons with a KLF11 variant with follow-up informa-
tion (100% with insulin) and seven with variants in the
INS gene (29% with OAD, 71% with insulin).

Changes in HbAlc from the first year after diagnosis
to the most recent treatment year were studied for the
MODY types HNF4A, GCK, HNF1A, HNF1B, and ABCC8/
KCNJ11. HbAlc differed between the treatment groups,
showing higher HbA1c values with insulin treatment. We
can assume that insulin is initiated in case of poor glyce-
mic control. Increases in HbA1lc from the first to the most
recent treatment year were only observed in GCK-MODY
and HNF1A-MODY, while the other MODY types showed
no significant changes in glycemic control during follow-
up. In HNF1A, HbAlc increased from 6.5% (6.2-6.8) to
7.5% (7.1-7.8), in line with a literature review showing that
glycemic control worsens over time in HNF1IA-MODY.**

Clinical presentation, treatment, and outcomes
among families with MODY can be quite heterogeneous
despite the same underlying mutation.** For example,
the heterogeneity in MODY across families can be influ-
enced by genetic factors, environmental factors, health-
care management, and psychosocial factors.
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Due to low numbers, only descriptive analyses for
some MODY types were conducted, and no further sta-
tistical analyses were possible, limiting our study's
scope. Moreover, we assume an underreporting of
MODY in DPV as studies using a systematic genetic
screening approach found higher prevalences of
MODY.**?* Detailed documentation, including genetic
data, is important for treatment and outcome of individ-
uals with MODY. However, 14 subtypes of MODY are
currently identified, and all subtypes are represented in
the DPV registry. Therefore, this dataset is one of the
most comprehensive, including common and rare
MODY forms. A further strength of our analysis is that
the data are generated from a standardized data collec-
tion network, representing a multicenter, real-world set-
ting. DPV is representative of pediatric diabetes care
and adults with diabetes treated in diabetes-specialized
practices in Germany.

MODY identification is essential regarding personal-
ized treatment and screening of family members. We
observed a proportion of 27.6% initially diagnosed as
another diabetes type, potentially leading to inadequate
treatment. Accordingly, current guidelines recommend
genetic testing for MODY in children and young adults
without typical characteristics of type 1 and type 2 diabe-
tes (e.g., negative diabetes-associated autoantibodies or
no obesity) and a family history of diabetes, suggesting
an autosomal dominant inheritance pattern.>*° Because
a MODY diagnosis has important implications for treat-
ment and outcome, Johansson and colleagues suggest
including molecular screening for the most common
MODY genes for all antibody-negative children in rou-
tine diagnostics. However, we and others have shown
that MODY can also be present in persons with positive
beta cell autoantibodies.” Nevertheless, according to
national and international guidelines, the detection of
autoimmunity leads to the diagnosis of type 1 diabetes.>*°
It remains unclear whether a single positive antibody
titer is sufficient or whether—similar to stage 1 or 2 of
type 1 diabetes, at least two titers are required. Anti-
bodies associated with diabetes as a surrogate parameter
for beta cell destruction seem to exist for reasons beyond
autoimmunity and are found in 10%-20% for persons
with clinical type 2 diabetes.*'™**

5 | CONCLUSIONS

Results of the DPV registry indicate an increased
awareness of MODY during the last 15 years and an
improvement in clinical assessment and genetic analy-
sis. However, we assume an underreporting of MODY
in DPV as studies using a systematic genetic screening

approach found higher prevalences of MODY. As of
today, some physicians and individuals with MODY
are hesitant to change treatment according to current
treatment recommendations Registries are essential
for representing rare diabetes types and provide a basis
for discussing treatment guidelines for individuals
with MODY.
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