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Examining the Clinical and Genetic Spectrum of
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Sara Asgarian, M.D 
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Diabetes classification
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Diabetes

Type 1

Type 2 

Other specific types 

GDM

• Monogenic diabetes syndromes 
• Diseases of the exocrine pancreas 
• Chemical-induced diabetes 
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Monogenic Diabetes

• Up to 5% of all cases of diabetes mellitus

• Two main clinical phenotypes
Neonatal Diabetes
MODY

Maturity-Onset Diabetes of the Young
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Etiology 

MODYX                                 RFX6                                             6q22.1                                                 <1                                                   2017        
MODYX                                 NKX6-1 4q21.23                                                <1                                                   2018



MODY 1-14
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Why diagnose MODY?
Changes treatment!
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Early detecting for MODY is a essential for: 
• Precise diagnosis 

• Personalized treatment decision

• Long-term management

• Genetic counseling 

• Family screening

• Reduced complication

• Missed research opportunities

• Psychological distress 
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MODY
Patients with MODY are characterized by:

• Young age of onset (<30 years)
• Non-obesity 
• Absence of islet-autoantibodies 
• Detectable C-peptide
• Positive family history for diabetes
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How many cases are we missing?

• Nature-2023

The second international consensus report on precision diabetes 

medicine 2023
Highlighted the MODY knowledge gap to healthcare providers in the 
Middle East region to rectify this niche

• 80% of MODY cases are misdiagnosed as T1 or T2! 
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Precision medicine for MODY 

• MODY calculator:  www.diabetesgenes.org/mody-probability-
calculator/

•Test individuals with pediatric diabetes when at least three islet 
autoantibodies are antibody negative

Precision Medicine in Diabetes: A Consensus Report From the American Diabetes Association (ADA) 
and the European Association for the Study of Diabetes (EASD)

http://www.diabetesgenes.org/mody-probability-calculator/
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Translation into practice

Based on American Diabetes Association (ADA) standards 

• FPG ≥ 126 mg/dl
• OGTT ≥ 200 mg/dl
• Use of glucose‐lowering agents

Diabetics

• FPG of 100–125 mg/dl
• OGTT of 140–199 mg/dl Pre-diabetics 

• FPG < 100mg/dl
• OGTT < 140 mg/dl.Non-diabetics
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Population characteristics

All Diabetics Pre-Diabetics Non-Diabetics

Number of subjects 27884 3043 (15.1%) 5835 (29.0%) 11184 (55.7%)

Age (mean ± SD) 46.0±20.3 65.4±14.7 51.5±19.1 38.4±17.5

Female % 14297 (51.2%) 1707 (56.0%) 2888 (49.5%) 6315 (56.4%)

BMI (kg/m2) 27.4 ± 5.3 29.8±5.3 28.4±5.1 25.9±5.0

Underweight 3.7% 0.6% 2.0% 5.9%

Normal weight 28.6% 15.6% 21.5% 38.2%

Overweight 38.8% 40.3% 41.3% 36.6%

Obese 28.7% 43.3% 35.1% 19.1%
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ClinVar database 



19

Clinvar results for 3045 variants 

Clinical significance n. %

Conflicting interpretations 932 27.68

Benign 369 10.96

Likely benign 401 11.91

Uncertain significance 876 26.02

Likely pathogenic 344 10.22

Pathogenic 445 13.22

Molecular consequence n. %

Frameshift 218 8.46

Missense 1248 48.41

Nonsense 132 5.12

Split site 132 5.12

ncRNA 364 14.12

UTR 484 18.77
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MODY pathogenic variants 
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Identifying previously-known MODY-Causing variants

3045 Variants
• ClinVar database's search results for ”MODY" 

• Genes known to be associated with MODY

• Clinical significance for Pathogenic/likely pathogenic

410 variants
• Available variants in TCGS data 

MAF < 0.001% & mean sequencing depth > 20×

6 variants
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About six previously-known variants

n. Gene MODY Case/ 
family n. Penetrance (%) Diagnosis (n) Clinical 

significance
1 HNF4A 1 1 / 1 100 DM P/LP

2 INS 10 21 / 11 38
DM (8)

Pre DM (8)
N.D (3)

P

3 GCK 2 13 /  7 61.5
DM (3)

Pre DM (5)
N.D (4)

P

4 CEL 8 1 / 1 0 Pre DM LP
5 HNF1A 3 1 / 1 100 DM P

6 HNF1B 5 8 / 3 12.5
DM (1) 

Pre DM (5) 
N.D (2)

P

Diabetic carriers/All carriers
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previously-known MODY variants

MODYX                             RFX6                                     6q22.1                                          <1                                           2017        
MODYX                             NKX6-1 4q21.23                                      <1                                            2018
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Phenotype frequency of known MODY variants

Diabetic 

Pre-diabetic

Normoglycemic 

Missing
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MODY phenotype 

Based on the International Society of Pediatric and Adolescent Diabetes 
(ISPAD) 2022 clinical criteria 

• Age of DM onset < 25 years
• Positive family history of diabetes
• Absence of evidence for T1DM/T2DM

MODY
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Phenotype mapping 

n. Gene MODY DM status DM onset age DM Family 
History

1 GCK 2 Pre DM - DM 51.5
2 GCK 2 Pre DM - DM 51 +
3 HNF1A 3 NL - DM 13 +
4 HNF1B 5 Baseline DM 37

5 HNF4A 1 NL - DM 20 +

6 INS 10 Baseline DM 59

7 INS 10 Baseline DM 61 +

8 INS 10 Pre DM - DM 44 +
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Criteria for novel variants

Variants 
available on 16 

MODY genes
CADD phred 

score > 20

Complete 
disease 

penetrance 
(100%)
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Identifying novel MODY-causing variants

647,705 variants 
• Variants available in TCGS data on 16 MODY genes

116 variants 
• MAF <0.001% & mean sequencing depth > 20×

3 variants
• CADD Phred score > 20 & disease penetrance 100%

3 variants 
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MODYX                             RFX6                                     6q22.1                                          <1                                           2017        
MODYX                             NKX6-1 4q21.23                                      <1                                            2018
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About three novel variants 

Gene MODY case/ 
family n. Penetrance (%) Diagnosis (n) Clinical 

significance

HNF1B 5 4 / 1 100 DM Not Reported

PAX4 9 1 / 1 100 DM Not Reported

KLF11 7 5 / 3 100 DM Not Reported
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MODY variants summary 
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Gene MODY Novel case/ 
family n Penetrance (%) Diagnosis (n) Consequence Clinical significance

HNF4A 1 1 / 1 100 DM missense P/LP

INS 10 21 / 11 38
DM (8)

Pre DM (8)
N.D (3)

missense P

GCK 2 13 /  7 61.5
DM (3)

Pre DM (5)
N.D (4)

missense P

CEL 8 1 / 1 0 Pre DM frameshift LP
HNF1A 3 1 / 1 100 DM frameshift P

HNF1B 5
8 / 3 12.5

DM (1) 
Pre DM (5) 

N.D (2)
synonymous P

* 4 / 1 100 DM missense Not Reported

PAX4 9 * 1 / 1 100 DM missense Not Reported

KLF11 7 * 5 / 3 100 DM missense Not Reported
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Final MODY candidates
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MODY 3

• HNF1A
• Pathogenic variant 
• Frameshift mutation
• Insertion p.Pro289fs
• One proband
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24.73
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MODY 1

• HNF4A
• Pathogenic variant
• Missense mutation
• p.Val108Ile
• One proband
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MODY 5 - novel

• A novel variant

• HNF1B

• Not reported in ClinVar

• Missense mutation

• Four cases from 1 family
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What we need?
• C-peptide 

• Auto antibody
islet cell antibodies
antibodies to glutamic acid decarboxylase (GAD)

• HBA1C

• Any glucose lowering agent?



Precision medicine across the 
life
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https://www.nature.com/articles/s41591-023-02502-5/figures/3
https://www.nature.com/articles/s41591-023-02502-5/figures/3
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THANKS FOR YOUR ATTENTION 



• in 5 probands from 3 families.

• except one individual who was a child (12

year old boy), all of them were diabetic

indicating complete disease penetrance of this

variation in our population.

• the AD inheritance for diabetic phenotype

were not confirmed.

44

• in one proband

• diagnosed with diabetes giving this variant a complete 

penetrance. 

• The variant transmission was unreachable as the only 

family member of the carrier in our cohort, was his 8 

years old child whose glycemic status was not available in 

our data.

MODY 7 - novel MODY 9 - novel



MODY 5 
• One HNF1B

• Pathogenic variant

• Synonymous mutation

• p.Tyr172_Val173=

• Eight proband from three family

• There were no reported special clinical manifestation for Renal cysts and diabetes

syndrome (RCAD) (malformation of the pancreas, exocrine pancreatic dysfunction,

urogenital abnormalities, impaired renal function, renal cysts, hypomagnesaemia elevated

liver enzymes, and neurocognitive defects) in any of our carriers for this variation
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MODY 8

• CEL

• Likely pathogenic variant

• Frameshift mutation

• Duplication p.Val593fs

• One proband

• A 38-year-old Iranian man, was the only carrier of this mutation. He was normoglycemic

in all follow up sections. Although genetic sequencing data for his other family members

were not available, as no one in this pedigree were diabetic, it seems that this variant hasn’t

causative impact for MODY presentation in our population.
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MODY 2

• GCK

• pathogenic variant

• Missense mutation

• p.Ile225Met

• 13 proband from seven

families
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• INS

• Pathogenic

• Missense mutation

• p.Arg6Cys

• 21 proband from 11 families

The AD inheritance for diabetic phenotype were not seen, and the disease penetrance 
was 38%, it seems that this variant hasn’t causative impact for MODY presentation. 



MODY 3

PABYACN PHASE 1 PHASE 2 PHASE 3 PHASE 4 PHASE 5 PHASE 6
AGE 6 11 15 16 20 24

STATUS missing Normal Diabetes missing Diabetes missing
FBS - 87 128 - 171 -

OGTT - - - - - -
BMI - 24.73 25 - 25 -
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