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Abstract

Background Monogenic diabetes mellitus (MDM) represents a diverse group of uncommon form of diabetes. Based on
the number of reported cases in literatures, it appears that the detection rate of MDM, even in specialized diabetes centers,
remains low. This case series provides a comprehensive overview of different MDM cases observed at a single diabetes
center, focusing on their clinical features, diagnostic challenges, and management considerations.

Methods and Results We identified 10 cases of MDM by conducting genetic analysis of 77 youth-onset diabetes cases
clinically suspected to be MDM. Among these, there were 2 cases of neonatal diabetes mellitus (NDM) [a heterozygous
mutation p.Arg825Trp in the ABCCS8 gene (transient NDM) and a heterozygous mutation in p.Asp212Tyr in the ABCC8
gene (permanent NDM)], 3 cases of HNF4A MODY (MODY)-1 [a heterozygous promoter mutation 79C/T in the HNF4A
gene, a novel heterozygous missense variant in exon 8 of the HNF4A gene that results in the amino acid substitution of serine
for arginine at codon 976 (p.Arg326Ser), and a heterozygous mutation p. Arg333Cys in exon 8 of the HNF4A gene], and
4 cases of maternally inherited diabetes and deafness (MIDD) [heteroplasmic missense mutation in the MT-TL1 position
(m.3243A>G) encoding for the leucine transfer RNA].

Conclusion This case series highlights that MDM can be effectively identified in diabetes clinics through careful clinical
evaluation and targeted genetic testing. Early detection allows for personalized treatment strategies, optimizing glycemic
control, and pre-empt, prevent, or modify associated clinical features to improve patient outcomes.

Keywords Monogenic diabetes - Mutation - Maternally inherited diabetes and deafness - Neonatal diabetes - MODY -
Precision medicine - Case report

Introduction

Monogenic diabetes mellitus (MDM) constitutes a relatively
uncommon subset of non-autoimmune diabetes mellitus
(DM), comprising 1-2% of all DM cases [1]. They range
from 1 to 5% of the pediatric and young adult DM popu-
lation [2] but remain insufficiently diagnosed pointing to
the need for increasing awareness of these unique forms of
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family. The probability of MDM should be reliably esti-
mated by clinical criteria and phenotype.

Diagnosing MDM within a clinical setting poses consid-
erable challenges, primarily due to the overlapping charac-
teristics with type 1 DM (T1D1M) or type 2 DM (T2DM),
and often leads to misdiagnosis [4, 5]. The relative paucity
of awareness among physicians about MDM further exac-
erbates this issue. Additionally, the limited accessibility and
availability of genetic diagnostic centers in the region, along
with the high costs involved, further complicate the situa-
tion. Moreover, the considerable time and effort required
by physicians to counsel and persuade patients about the
necessity of genetic testing serve as significant deterrents to
its more widespread recognition.

Out of a total of 77 probands with clinical suspicion of
MDM, our clinic in Kozhikode, Kerala, has successfully
identified 10 cases in collaboration with a genetic testing
center in Chennai. We present this case series to emphasize
the importance of recognizing MDM cases in all clinical
settings, as early detection can contribute to improved man-
agement and the possibility of stopping insulin and changing
over to inexpensive sulphonylurea (SU) tablets in many of
these cases.

Case presentations

Neonatal diabetes mellitus (NDM)

Caseno. 1

This was a 60-day-old male infant with a 2.5-kg birth
weight admitted for the management of neonatal hepatitis

and sepsis. His blood glucose and glycated hemoglobin
(HbA1C) were high. He had a C-peptide level of 0.098 ng/

mL (normal, 0.5-2 ng/mL) and negative islet autoantibodies
[glutamic acid decarboxylase (GAD), islet antigen-2 (IA-2),
and zinc transporter 8 (ZnT8)]. No developmental delay or
neurological symptoms were noted at presentation and there
was no family history of DM. He was initially treated with
insulin. His blood sample was sent for genetic analysis, and
the result showed a heterozygous mutation in p.Asp212Tyr
in the ABCC8 gene which was associated with permanent
NDM. Insulin therapy was withdrawn and converted to a
SU, glibenclamide 2.5 mg twice daily administered orally
which yielded good control of blood glucose values. How-
ever, the patient experienced a significant increase in blood
glucose values on two occasions after discontinuing SU ther-
apy (Fig. 1). In 2016, random blood glucose (RBG) levels
spiked to 450 mg/dL and HbAlc increased to 10%, and in
2021, fasting blood glucose (FBG) levels were at 273 mg/
dL, postprandial blood glucose (PPBG) levels at 388 mg/dL,
and HbA1C reached 11.4% (Fig. 2). These elevated values
normalized when SU therapy was resumed. This provided
further confirmation of the diagnosis of permanent neonatal
diabetes mellitus (PNDM).

Caseno. 2

The second case was a 17-year-old male presenting for the
control of blood glucose. His FBG was 192 mg/dL, PPBG
was 282 mg/dL, and HbA1C was 12.5%. Notably, he had a
history of transient neonatal hyperglycemia during the first
year of his life, which resolved spontaneously. His fasting
and random C-peptide levels were 0.69 ng/mL and 1.61 ng/
mL, respectively, and islet autoantibodies were negative.
His BMI was 19.9 kg/m®. He had been initiated on insulin
therapy at another hospital 3 days prior to this presentation.
There was a history of DM in his paternal grandmother. The
prior history of transient hyperglycemia in early childhood
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raised suspicions of neonatal DM, leading to a genetic analy-
sis of the patient’s sample. The genetic results revealed a het-
erozygous mutation p.Arg825Trp in the ABCCS8 gene which
was associated with transient NDM. It was therefore clear
that he had TNDM which was remitted by the first birthday
but recurred in adolescence. His insulin treatment was dis-
continued, and he was switched over to oral glibenclamide
2.5 mg twice daily. His blood glucose levels remained well-
controlled, except on two occasions when he skipped his
medications, causing a spike in blood sugar. However, the
levels returned to normal after he resumed taking the medi-
cation (Fig. 3).

HNF4A-MODY

We have three cases of HNF4A-MODY. Comparison of their
clinical characteristics and laboratory data is presented in
Table 1.

Caseno.3

This was a 39-year-old female who is a doctor by pro-
fession working overseas. She approached us for blood
glucose control. She had a history of DM for a duration

05/07/2016

15/05/2018

29/04/2019
Dates

13/03/2021 03/12/2021 03/03/2022

of 4 years for which she was taking metformin 1000 mg
at night. She reported consistently high FBG levels with
FBG of 159 mg/dL and HbA1C of 6.5% at presentation.
Her highest PPBG reported was 160 mg/mL, and her ran-
dom C-peptide level was 3.3 ng/mL. She had a history of
gestational DM for which she was treated with insulin.
She had been diagnosed with hypothyroidism with a posi-
tive anti thyroperoxidase antibody (anti-TPO antibody) of
38 IU/mL (NV <34 IU/mL) and a negative thyroglobulin
antibody level of 3.2 TU/mL (NV <116 IU/mL) and was
on levothyroxine 100 mcg once daily. Her BMI was 22.4,
waist circumference was 81 c¢m, visceral fat was 5%, and
lipid profile and liver function tests (LFT) were normal.
She had a positive family history of DM in her father,
paternal grandmother, and paternal uncles. She was ini-
tially suspected to have glucokinase (GCK) MODY due
to her consistently high FBG despite taking metformin
1000 mg at night. However, her genetic analysis result
showed a novel heterozygous missense variant in Exon
8 of the HNF4A gene (MODY-1) that resulted in the
amino acid substitution of serine for arginine at codon
976 (p.Arg326Ser). The patient has switched over to gli-
clazide 30 mg at night and is doing well now.

Fig.3 Changes in blood glu-
cose levels of Case 2 (transient
NDM)
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Table 1 Detailed clinical

i Clinical characteristics Case 3 Case 4 Case 5

characteristics and laboratory

data of HNF4A-MODY cases Sex Female Male Female
Age of onset of DM (years) 35 17 25
Genetic mutation c.976C>A; ¢c.997C>T,; 79C/T in

p.Arg326Ser p.Arg333Cys HNF4A
gene
BMI (kg/m? 224 235 27.5
HbAlc (%) 6.5 7.8 7
Waist circumference (cm) 81 70 86
Visceral fat (%) 5 6 7
Random C-peptide 33 1.3 0.7
Autoantibodies (GAD, 1A2, ZnT8) Negative Negative Negative
e-GFR 109 106 105
Serum uric acid 5.5 6.5 N/A
Family history of diabetes Father Y Y Y
Mother N Y N
Current therapy Oral hypogly- Y Y Y
cemic drugs
Insulin N N N
Case no. 4 Caseno.5

A 21-year-old male with a history of 4 years of DM was
referred to us for blood glucose control. His BMI was
23.5 kg/m2, waist circumference was 70 cm, and visceral fat
was 6%. His FBS and PPBS were 172 mg/dL and 265 mg/
dl, respectively, and HbA1C was 7.8%. His random C-pep-
tide level was 1.3 ng/mL, and islet autoantibodies were
negative. The lipid profile was normal and serum glutamic
oxaloacetic transaminase (SGOT) and serum glutamic
pyruvic transaminase (SGPT) values were 30.8 IU/mL and
41.4 IU/mL, respectively. He had a family history of DM in
his mother, father, and maternal uncle. His genetic analy-
sis result showed a heterozygous mutation p. Arg333Cys in
Exon 8 of the HNF4A gene (MODY-1). He was prescribed
Gliclazide 40 mg once daily. His blood glucose and HbA lc
improved and he continues to do well (Figs. 4 and 5).

A 25-year-old female presented with symptoms of DM
(polyuria, polydipsia, and polyphagia) over a duration
of 3 months. Her FBG and PPBG were 170 mg/dL and
259 mg/dL, respectively, and her HbA1C was 11.9%.
Her BMI was 27.5 kg/mz, waist circumference 86 cm,
visceral fat 7%, fasting C-peptide 0.41 ng/mL, random
C-peptide 0.7 ng/mL, and islet autoantibodies were nega-
tive. Her lipid profile and LFT were normal. She had a
family history of DM in her father, two brothers, pater-
nal grandparents, and maternal grandmother. Her genetic
analysis results revealed a heterozygous promoter mutation
79C/T in the HNF4A gene (MODY 1). Before the genetic
results were available, the patient was initially prescribed
a combination of metformin and sitagliptin. Later, her
treatment was switched over to glimepiride 2 mg twice

Fig.4 Changes in blood glu-
cose levels of Case 4 (HNF4A-
MODY) after starting gliclazide

350
300
250
200
150
100

50

0

17/09/2020 17/12/2020 31/12/2020 30/01/2021 01/04/2021 05/08/2021 27/11/2021 07/04/2022 29/04/2023 29/07/2023
—e—Fasting Blood Sugar

—e—Post Prandial Blood Sugar

@ Springer



International Journal of Diabetes in Developing Countries

Fig.5 Changes in HbAIC lev- 9
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daily. Unfortunately, the patient was subsequently lost to
follow-up.

Case no. 6

Maternally inherited diabetes and deafness (MIDD)

We have identified a total of four cases of MIDD at our
center. Among these cases, three were previously reported
in a separate case series which was the largest case series
of MIDD reported in India so far [6]. Here, we present a
detailed clinical profile of the fourth case of MIDD.

A 40-year-old female with 22 years of DM on glime-
piride presented with significant weight loss, fatigue, and
pain under the left heel. She had a positive family history of
DM in her mother, sister, maternal grandmother, maternal
aunts, and cousins. She had no history of hearing loss. Her
height was 152 cm, weight was 48.7 kg, BMI was 21.08 kg/
m?, waist circumference was 79 cm, and visceral fat was
3%. Clinical examination showed mild diabetic peripheral
neuropathy and plantar fasciitis. The findings of lab investi-
gations were as follows: FBG 234 mg/dL, PPBG 301 mg/dL,
HbA1C 9.3%, random C-peptide 1.4 ng/mL, negative islet
auto-antibodies and serum creatinine 0.9 mg/dL. The results
of the lipid profile, liver function tests, ECG, echocardio-
gram, and treadmill test were all normal.

Blood samples were sent for genetic analysis and the test
results confirmed MIDD by the detection of a heteroplas-
mic missense mutation in the MT-TL1 gene namely, A to G
transition at 3243 position (m.3243A > G) encoding for the
leucine transfer RNA. The patient was informed about the
diagnosis, and she was treated with insulin and mitochondri-
otropic agents like coenzyme Q10, L-carnitine, and vitamin
E, and her blood glucose control and symptoms improved.

Dates

Discussion

The reporting of monogenic diabetes mellitus (MDM) cases
in India is lower compared to Western populations. While
MDM, particularly MODY, has been extensively studied
and documented in Western populations, its recognition
and reporting in India have been comparatively limited
[7-16]. This difference could be attributed to various factors,
including differences in healthcare infrastructure, awareness
among healthcare professionals, access to genetic testing
facilities, and genetic predispositions within populations.

However, there has been an increasing awareness of
MDM in India in recent years, with more studies focusing on
its prevalence, clinical characteristics, and genetic underpin-
nings within the Indian population [17, 18]. Efforts are being
made to improve the diagnosis and management of MDM in
India, including the establishment of specialized centers and
collaborations with international research groups.

This case series provides a comprehensive overview of
various types of MDM picked up from a single diabetes
center at Kozhikode in Kerala. To our knowledge, this repre-
sents the largest and most diverse collection of MDM cases
reported from a standalone secondary care outpatient diabe-
tes center without in-house genetic testing facilities in India.
The discussion of these cases offers valuable insights into
the prevalence pattern, clinical characteristics, diagnostic
challenges, and management considerations associated with
different subtypes of MDM from a diabetes clinic perspec-
tive. It underscores the significance of considering MDM as
a differential diagnosis, particularly in cases where there is
an atypical presentation or a lack of response to conventional
treatments.

Misdiagnosing MDM as either TIDM or T2DM is
common due to their overlapping clinical features. Thus,
accurately identifying MDM is essential for tailoring man-
agement to the specific genetic subtype, thereby enhanc-
ing treatment outcomes and reducing complications, and
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arecent study illustrates how this can be done in an Indian
setting [19]. For example, if HNFIA MODY, HNF4A
MODY, and NDM are diagnosed as T1D, they will be
treated with insulin lifelong and the response is likely to
be poor. In our case series, before diagnosing MODY and
NDM, many patients were diagnosed as either TIDM or
T2DM and were put on insulin or other oral hypoglyce-
mic agents with inadequate control of their diabetes. How-
ever, after initiating targeted treatments such as SU for
these specific subtypes, patients exhibited significant and
consistent improvement over the years. Unlike in T2DM,
where SU treatment may fail or require intensification with
multiple drugs over time, our cases demonstrated sustained
improvement on the same dose of SU, even after years of
treatment. Aside from one or two instances of blood glu-
cose spikes due to missed medication, patients generally
maintained smooth blood glucose control over the years.
This underscores the importance of accurate diagnosis
and the implementation of specific treatments for optimal
management of these cases. Different genetic variations of
MDM may necessitate distinct treatment approaches. Rec-
ognizing MDM cases allows for personalized treatment
strategies, including medication selection and lifestyle
interventions, to optimize glycemic control and minimize
long-term complications [20, 21].

Family screening plays a crucial role in MDM due to
its genetic basis and varied clinical presentations. It helps
identify asymptomatic cases, especially among relatives of
affected individuals, enabling early diagnosis and preven-
tive measures like lifestyle modifications. Furthermore,
understanding genetic predispositions aids in personalized
treatment decisions, facilitates genetic counseling for com-
prehending inheritance patterns, and has family planning
implications.

Exploring the prevalence and genetic diversity of MDM
contributes to a better understanding of the disease’s epi-
demiology and underlying genetic mechanisms. This infor-
mation can help healthcare planning, resource allocation,
and research efforts aimed at improving diagnostic accu-
racy, treatment options, and preventive strategies.

Furthermore, the successful identification of MDM
cases in our clinic demonstrates the feasibility of employ-
ing clinical screening methods, even in settings with
limited resources for genetic testing. Collaboration with
genetic testing centers has proven instrumental in confirm-
ing the diagnosis and elucidating the underlying genetic
mutations thereby facilitating improved patient outcomes
and a reduction in long-term complications. We would like
to appeal to all pediatric endocrinology centers, diabetes
centers, and neonatal clinics to try to diagnose MDM so
that the quality of life of those diagnosed can be improved
and unnecessary lifelong insulin can be avoided.

@ Springer

Conclusion

A comprehensive clinical evaluation, along with targeted
genetic testing, can significantly improve the detection of
MDM, even in primary or secondary diabetes care settings.
Early identification is crucial for optimizing treatment out-
comes and enhancing the patient's quality of life.
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