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Abstract

Diagnosis of a diabetes subtype leads to more precise management and informs the likelihood of diabetes in other family
members. Patients with hepatocyte nuclear factor-1 alpha (HNF1A)-maturity-onset diabetes of the young (MODY) are highly
sensitive to sulfonylureas, and a correct diagnosis can lead to more appropriate treatment. A patient may carry multiple
genetic variants that contribute to the heterogeneity of phenotypes, trajectories, and outcomes. Polygenic risk score
(PRS) is a useful tool to estimate an individual’s genetic susceptibility to polygenic type 2 diabetes (T2D). Combining
monogenic diabetes testing with PRS may explain the heterogeneity of phenotypes and clinical course among family
members of patients with MODY. Herein, we report a nonobese Thai man with HNFIA-MODY due to a partial gene
deletion. This has led to the same diagnosis in other family members diagnosed with T2D with heterogeneous
presentations due to variable PRS and clinical risk factors.
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Introduction

Maturity-onset diabetes of the young (MODY) is a group of mono-
genic diabetes with Mendelian mode of inheritance character-
ized by young age at diagnosis and dominant beta-cell
dysfunction [1]. Patients with hepatocyte nuclear factor 1A
(HNF1A-MODY, formerly known as MODY 3) are highly sensitive
to low-dose sulfonylureas [2]. In Asia, 1 in 5 adults has young-
onset diabetes (diagnosed <40 years), largely driven by inte-
ractions between genetic and environmental factors, including
polygenic type 2 diabetes mellitus (T2D) variants. Genetic, envir-
onmental, and lifestyle factors underlie the heterogeneity in clin-
ical course and treatment response in MODY [3-5].

Polygenic risk score (PRS), derived from the total number of
causal variants mainly reported in genome-wide association
studies (GWAS) can inform an individual’s genetic predisposition
to complex diseases [6]. Genetic discoveries in European and

Asian populations have revealed inter-ethnic differences in loca-
tion of loci, frequency of risk allele for the same locus or different
effect sizes for the same risk allele, which are used to calibrate
PRS in different populations [7].

Family history is a key risk factor for diabetes, especially T2D.
Beyond clinical factors, PRS can help identify individuals at high-
er risk [8]. Herein, we report a case of HNF1A-MODY due to a par-
tial gene deletion in a middle-aged Thai man, which has led to
the same diagnosis in his father and older sister diagnosed
with T2D. Despite all carrying the same variant, the differences
in PRS and clinical risk factors contributed to their phenotypic
heterogeneity. Timely HNF1A-MODY diagnosis through family
screening, together with PRS and modifiable risk factor assess-
ment, can improve diagnostic accuracy, prognosis, and therapy.
This personalized information supports informed decision-
making for providers, patients, and families, advancing precision
medicine for better outcomes.
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Case presentation

A 36-year-old, nonobese Thai man with a history of non-insulin-
requiring T2D for 6 years came to our clinic due to worsening
glycemic control. He was diagnosed as having T2D. When seen
at our clinic, his fasting plasma glucose was 130 mg/dL (Sl:
7.22 mmol/L) (reference range, <100 mg/dL [SI: <5.5 mmol/L]),
glycated hemoglobin (A1C) 8.2% (66 mmol/mol) (reference
range, <5.7% [SI: <39 mmol/L]) and urine was negative for ke-
tones. His body mass index (BMI) was 21.6 kg/m?% He did not
drink alcohol or smoke and denied using any recreational drugs.
When first diagnosed, his A1C was also 7.8% (SI: 62 mmol/mol)
with glucosuria and he was treated with metformin 1000 mg dai-
ly, with A1C ranging from 6.7% to 8.1% (SI: 51-65 mmol/mol).
Addition of sitagliptin, a dipeptidyl peptidase 4 inhibitor
(DPP4i) dropped A1C to 7.5% (SI: 58 mmol/mol), which increased
t0 8.8% (SI: 73 mmol/mol) over a 12-month period. He had micro-
albuminuria but no retinopathy.

His father (aged 72) was diagnosed with nonobese T2D in his
50s, with A1C ranging from 7.1% (SI: 54 mmol/mol) to 8.7% (Sl:
72 mmol/mol). The patient’s older sister (aged 39) was diag-
nosed with T2D in her 30s and was treated with multiple oral
glucose-lowering drugs with Al1C ranging from 6.6% (Sl
49 mmol/mol) to 8.5% (SI: 69 mmol/mol). She also had hyperten-
sion and severe obesity with a BMI of 37.1 kg/m? (Fig. 1).

Diagnostic assessment

Fasting plasma C-peptide in the index patient showed adequate
beta-cell function (0.86 ng/mL (0.28 nmol/L)) (reference range,
0.78-5.19 ng/mL [SI: 0.26-1.71 nmol/L]) (Immulite, Siemens
Healthcare Diagnostics, USA), with a corresponding fasting
plasma glucose of 151 mg/dL (SI: 8.3 mmol/L). Anti-islet

autoantibodies were negative. Due to his lean BMI, positive fam-
ily history, lack of autoimmune markers, and residual beta-cell
function, we performed next-generation sequencing (NGS) using
a panel including 33 monogenic diabetes-related genes
(GemVCare, Shatin, Hong Kong) [9]. The sequencing regions cov-
ered exons and flanking regions within 25 base-pairs upstream
and downstream of each exon. Multiplex ligation-dependent
probe amplification (MLPA) assays were used to detect copy
number variation (CNV) for glucokinase (GCK) and HNF1A/4A/1B
genes. Sequence variations were reported according to the
American College of Medical Genetics and Genomics (ACMG)
standards and guidelines [10]. Heterozygous deletion of HNFIA
exon 8-10 was detected and classified as a pathogenic variant
confirming a diagnosis of HNFIA-MODY. The patient’s father
and older sister also underwent MLPA analysis of the HNFIA
gene and were found to carry the same rare variant.

Due to their heterogeneous phenotypes (eg, age at diagnosis,
obesity, and glycemic control), all affected family members under-
went multiplex sequencing of a panel of 254 validated risk variants
for T2D in Asians for computing a PRS. A proprietary algorithm in-
cluding validated clinical and weighted genetic risk factors in
Asians [6] was used to estimate the 10-year risk of T2D. The distribu-
tion of PRS for most complex polygenic disease such as T2D is non-
linear [11]. For this panel of 254 variants, individuals were ranked
according to their clinical, genetic and combined risk scores by dec-
iles with 70% to 80% of individuals who developed T2D in 10 years
falling within the top 3 deciles, that is, 30% of population [12]. In a
Chinese population, 40%, 30%, 20%, and 10% have low, moderate,
high, and very high genetic risk for T2D, respectively (GemVCare,
Shatin, Hong Kong). In this HNF1A-MODY family, the index case
and his father both carried 130 variants, albeit with different combi-
nations, putting them respectively in the top 30% and 20% rank for
risk of T2D. The sister carried 135 variants, which put her in the top
10% rank for risk of T2D.

I e
(Index case) (Slster) (Father)

Age (years)
Age at diagnosis (years) 30 30 53
Disease duration (years) 6 9 19
u Body mass index (kg/m2) 21.6 39.1 23.9
| Waist circumference (cm) 86 109 89
Diabetic complications Albuminuria Neuropathy None
Insulin usage No No No
- HNF1A variant Yes Yes Yes
I Percentile for polygenic risk scores 30th 10th 20t
Peak body weight (kg) 74 100 65
Smoking history no no Ex
m ‘ - Physical inactivity Yes Yes No
Treatment before diagnosis of MODY Metformin Metformin Glipizide
39Y , 3BY Sitagliptin Vildagliptin

Luseogliflozin

AI1C before diagnosis of MODY (%) 8.2% 8.5% 7.1%
Treatment after diagnosis of MODY Metformin Metformin Glipizide
Empagliflozin  Luseogliflozin
Gliclazide Glimepiride
Latest A1C after diagnosis of MODY (%) 6.8% 6.6% 7.6%

Figure 1 Family pedigree and clinical data in the index case and family members with HNF1A-MODY.
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Figure 2 The clinical course and laboratory data of the index patient from empirical diagnosis of type 2 diabetes and after definitive diagnosis of

HNF1A-MODY as a subtype of diabetes.

Treatment

The diagnosis of HNF1A-MODY led to the discontinuation of sita-
gliptin in the index patient. Sulfonylureas are considered as
treatment of choice for HNFIA-MODY. He was started on glicla-
zide 30 mg once daily and titrated to 60 mg. His A1C decreased
from 8.2% (SI: 66 mmol/mol) to 7.1% (SI: 54 mmol/mol) (Fig. 2).

Outcome and follow-up

In the following months, the index patient maintained his
body weight and healthy behaviors while continuing gliclazide
60 mg once daily. Six months after the diagnosis of HNFIA-MODY
and change to gliclazide, his A1C remained above 7% (Sl
53 mmol/mol). Due to the presence of albuminuria, he was initi-
ated on a sodium-glucose cotransporter 2 (SGLT2) inhibitor and
attained his glycemic target of 6.8% (SI: 51 mmol/mol).

The father was already on glipizide 5 mg once daily before the
diagnosis of MODY. His latest A1C was 7.6% (SI: 60 mmol/mol).
For his elder sister, after receiving glimepiride 1 mg once daily,
her A1C decreased from 8.5% (SI: 69 mmol/mol) to 6.6% (SI:
49 mmol/mol) without any hypoglycemic symptoms.

Discussion

This HNF1A-MODY family illustrates the heterogeneity of clinical
course, including different age at diagnosis among all 3 carriers
of the same variant, in part due to varying contribution from gen-
etic and nongenetic factors. In most series, depending on setting
and other recruitment criteria, MODY accounts for 1% to 5% of
patients diagnosed with T2D [1]. In a consecutive cohort of
1201 Chinese patients with non-type 1 diabetes (T1D) tested
for rare variants of 33 genes for monogenic diabetes including
HNF1A, 2.2% of patients had pathogenic or likely pathogenic var-
iants [9]. There were only a few single-center studies on clinical
and genetic characteristics of MODY in Thailand [13, 14]. The
pathogenic deletion of HNF1IA exon 8-10 in this family had not

been reported. To this end, sequencing and bioinformatic ana-
lysis is needed to detect these structural variants.

The diagnosis of HNFIA-MODY in the index case improved his
diabetes management and clarified the diagnosis in his father
and sister through cascade screening. Incorporating PRS may
help explain differences in their age at diagnosis, glycemic con-
trol, and complications. This personalized information also sup-
ports counseling, motivates behavioral change, and guides
family screening for early detection and treatment [15].

The HNFIA gene is located at chromosome 12g24, consisting of
10 exons which encode 631 amino acids [16]. HNF1A plays a key
role in maturation of pancreatic islets, thus, patients with HNF1A
loss-of-function variants have reduced beta-cell capacity from
birth. Given its autosomal dominant inheritance, a single copy
of mutant protein is sufficient to cause diabetes. Although
Individuals with the same variant have close phenotype-
genotype correlation, different variants can affect protein struc-
ture and function with phenotypic heterogeneity among MODY
patients [4, 6]. Furthermore, the background polygenic risk for
T2D lowered the age at diagnosis of diabetes, suggesting that
common variants may amplify the effects of rare variants [17].
Using a panel of 256 causal variants for T2D discovered and va-
lidated in East Asians [6, 18], the 3 affected members showed var-
ied combinations of these variants, reflecting different polygenic
risks. Differences in body weight, smoking status, and physical
activity also influenced their age at diagnosis, disease duration,
and complication risk.

HNFIA-MODY patients are highly sensitive to sulfonylureas.
HNF1A pathogenic variants impair beta-cell function through
various mechanisms [19]. Accurate diagnosis enables precision
treatment, often allowing patients to stop insulin or switch ther-
apies. However, sulfonylurea use has declined in Asia due to
hypoglycemia risk and newer drug options. Delayed diagnosis
and inappropriate treatment can worsen glucotoxicity and lead
to insulin dependence.

In our HNF1A-MODY family, the index patient was treated with
metformin and DPP4i with suboptimal control. In a randomized
controlled trial, researchers had reported more time spent in
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Figure 3 The nature-nurture concept—different beta-cell capacity at birth determined by ancestral or genetic and perinatal factors can interact with
stressors during a life course giving rise to different trajectories of age-related decline in beta-cell function. For the same trajectory, individuals with

different beta-cell capacity may have different ages at diagnosis of diabetes.

normoglycemia, higher postprandial C-peptide, lower glucagon
level and postprandial blood glucose in patients with
HNF1A-MODY treated with sulfonylurea plus DPP4i vs sulfonylur-
ea only [20]. In our index patient, due to albuminuria, we added
SGLT2i with improved A1C. Glucagon-like peptide-1 receptor ag-
onists (GLP-1 RA) and SGLT2i have been used in patients with
HNF1A-MODY with sustained glycemic control and without ad-
verse events [21, 22].

The risk of complications in HNFIA-MODY is comparable to
thatin T1D and T2D [23]. The risk in HNF1IA-MODY is strongly driv-
en by glycemic exposure and diabetes duration. Given the legacy
effect of glucose control on long-term outcomes, optimizing gly-
cemic management from the outset remains essential [24]. In a
propensity score matched cohort analysis including patients
treated with metformin and sulfonylurea, the addition of DPP4i
before A1C increased to 7.5% was associated with delayed insu-
lin requirement and reduced risk of severe hypoglycemia,
cardiovascular-kidney complications and all-cause death [25].
In the case of HNF1A-MODY, early diagnosis with use of sulfony-
lureas can transform the clinical course of the patient and his/
her family members, analogous to the cascade screening with fa-
milial hypercholesterolemia for prevention of premature athero-
sclerosis and cardiovascular disease [26].

The concept of hybrid forms of diabetes, where insulin resist-
ance coexists with autoimmune or monogenic diabetes, is in-
creasingly recognized, especially in patients with young age at
diagnosis. The distribution of genetic codes from both parents
is random at birth with their expression subject to intrauterine
exposure, perinatal events, and early pubertal development.
Thus, each individual may be endowed with different organ cap-
acities, including islets. Life course events including

environmental, behavioral, nutritional, and injury factors can ac-
celerate the age-related beta-cell loss, which accelerates once
hyperglycemia sets in, yet this is modifiable by early diagnosis
and intensive treatment. Depending on their beta-cell capacity,
for the same trajectory, different individuals may have different
thresholds for external stressors, such as obesity [27] and thus
different age at diagnosis. This nature-nurture concept is particu-
larly relevant to monogenic diabetes, given the marked reduc-
tion in beta-cell capacity from birth [15] (Fig. 3).

In conclusion, this HNFIA-MODY family highlights the pheno-
typic heterogeneity driven by interactions between genetic var-
iants and modifiable risk factors. Advances in sequencing
technology and therapeutics underscore the need for clinicians
to apply this knowledge for early diagnosis and personalized
care.

Learning points

+ Genetic testing should be conducted to diagnose MODY es-
pecially in young patients with residual beta-cell function
and positive family history to improve the precision of diag-
nosis and therapy, followed by cascade screening to ensure
proper diagnosis of family members.

» Apart from single nucleotide variants, sequencing and bio-
informatic analysis is needed to detect copy number varia-
tions (CNV), including partial or whole gene deletions that
account for a small proportion of all variants in MODY
genes.

«+ In families affected by MODY or monogenic diabetes, poly-
genic risk scores may serve as an additional tool to help
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explain the phenotypic heterogeneity among family mem-
bers carrying the same MODY variant.

+ The interactions among common and rare variants along
with other clinical risk factors (eg, obesity, age, and insulin
resistance) in MODY families call for individualized treatment
to attain multiple treatment targets and improve clinical
outcomes.
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