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Summary

Maturity-onset diabetes of the young type 3 (MODY3) accounts for approximately 50% of cases of MODY. First-line 
treatment with sulfonylureas has been well established for individuals with MODY3. In contrast, the use of sodium-glucose 
co-transporter 2 (SGLT2) inhibitors in the treatment of individuals with MODY3 remains unclear. This case illustrates 
the in vivo�effect�of�an�SGLT2�inhibitor�in�a�30-year-old�woman�with�MODY3�with�poor�glycaemic�control�despite�the�
treatment with supramaximal doses of sulfonylurea and metformin. The addition of a SGLT2 inhibitor resulted in a rapid 
improvement in glycaemic control without any hypoglycaemic episodes. This case suggests that SGLT2 inhibitors may be 
an�effective�and�potent�treatment�option�in�addition�to�sulfonylureas�for�individuals�with�MODY3.
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Learning points:

 • Maturity-onset diabetes of the young type 3 (MODY3) arises from mutations in the hepatocyte nuclear factor-
1alpha gene, which controls the expression of sodium-glucose co-transporter 2 (SGLT2) in the kidneys.

 • Paradoxically, despite individuals with MODY3 having reduced expression of SGLT2, SGLT2 inhibitors induce higher 
glycosuria in individuals with MODY3 compared to individuals with type 2 diabetes mellitus.

 • SGLT2�inhibitors�may�be�an�effective�treatment�for�achieving�glycaemic�control�in�individuals�with�MODY3.

Background

Maturity-onset diabetes of the young (MODY) is the most 
common type of monogenic diabetes mellitus and is 
estimated to account for 1–5% of all diabetes mellitus cases 
(1, 2). It is characterised by diagnosis at a young age (typically 
under 35 years), the absence of islet autoantibodies and 
autosomal dominant inheritance of a single gene mutation 
(1, 3). MODY3 accounts for approximately 50% of cases 
of MODY and arises from mutations in the hepatocyte 
nuclear factor-1alpha (HNF-1A) gene (3, 4, 5, 6). Patients 
with MODY3 develop a progressive deterioration in 
insulin secretion leading to increasing hyperglycaemia 
(1, 3, 7, 8). Extra-pancreatic features of MODY3 include a 

lower renal threshold for glycosuria, which occurs due to 
reduced expression of the sodium-glucose co-transporter 
2 (SGLT2) that is under direct transcriptional control by 
HNF-1A (8, 9, 10). Individuals with MODY3 ultimately 
require treatment as they develop microvascular and 
macrovascular complications of diabetes mellitus at a 
similar frequency to patients with type 1 (T1D) and type 
2 diabetes mellitus (T2D) with the rate of complications 
proportional to the degree of hyperglycaemia (3, 11). 
A feature of the β-cell defect in MODY3 is an increased 
sensitivity to the hypoglycaemic effects of sulfonylureas 
compared with patients with T2D (12, 13, 14). Given the 
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progressive nature of MODY3, individuals will ultimately 
develop worsening glycaemic control despite maximal 
doses of sulfonylureas, and further treatment is required to 
prevent diabetic complications. Treatment with insulin is 
typically required in advanced MODY3 disease, although 
glucagon-like peptide-1 receptor agonists and dipeptidyl 
peptidase-4 inhibitors have also been shown to be effective 
(1, 3, 15, 16, 17, 18).

We report the case of a 30-year-old woman with 
MODY3 with persistent hyperglycemia on supramaximal 
doses of sulfonylurea and metformin, who experienced a 
marked improvement in glycaemic control upon initiation 
of treatment with an SGLT2 inhibitor.

Case presentation

A 30-year-old Caucasian female was admitted with 
osteomyelitis and septic arthritis of the right 1st 
metatarsal bone and metatarsophalangeal joint. This was 
in the setting of a chronic diabetic foot ulcer present for 
15 months, despite treatment with a continuous infusion 
of intravenous flucloxacillin 8 g daily for the preceding 
5 weeks.

She had a background of MODY3 which was 
initially misdiagnosed at age 18 as T1D. She was initially 
commenced on insulin for 6 months, but when diagnosed 
with MODY3, gliclazide modified release (MR) 60 mg 
daily and metformin extended release (XR) 500 mg daily 
were commenced. Her glycaemic control was excellent at 
age 19 with glycosylated haemoglobin (HbA1c) 48 mmol/
mol, but deteriorated over time such that her HbA1C was 
112 mmol/mol by 2019 when she developed her diabetic 

foot ulcer. Her glycaemic control remained poor despite 
the intensification of her oral hypoglycaemic therapy to 
supramaximal doses of gliclazide MR 120 mg twice daily 
and metformin XR 2 g BD.

Investigation

At the time of admission, she was haemodynamically stable 
and afebrile. Her C-reactive protein (CRP) was 27.3 mg/L, 
and an x-ray showed erosion of the 1st metatarsal head and 
proximal phalanx consistent with osteomyelitis and likely 
septic arthritis. Her HbA1C was 67 mmol/mol, and she had 
persistent hyperglycaemia with capillary blood glucose 
levels (BGLs) ranging from 5.9 to 18.0 mmol/L.

Treatment

The patient was commenced on empagliflozin 10 mg 
daily in addition to her regular gliclazide MR 120 mg BD 
and metformin XR 2 g twice daily. Her glycaemic control 
immediately improved with her BGL ranging from 4.2 
to 7.5 mmol/L (Fig. 1). The weighted average BGL was 
reduced from 8.53 to 5.65 mmol/L after the initiation 
of empagliflozin. She was also treated with intravenous 
flucloxacillin 2 g four times a day and twice-weekly wound 
dressings for her foot ulcer.

Outcome and follow-up

Following the rapid improvement in glycaemic control 
with the introduction of empagliflozin, the doses of the 
patient’s other oral hypoglycaemic medications were 

Figure 1
Daily�blood�glucose�profile.
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reduced to the maximum recommended daily dose of 
metformin XR 1 g BD and gliclazide MR 60 mg twice daily. 
This resulted in an increase in the weighted average BGL 
levels to 6.89 mmol/L.

Her foot ulcer also improved with a reduction in pain, 
erythema and slough. Her CRP declined to 1.1 mg/L, and 
she was discharged on oral flucloxacillin 1 g four times a 
day for a further 4 weeks and ongoing twice-weekly dressing 
changes. Her ulcer has continued to heal, the osteomyelitis 
has resolved and she has now commenced mobilising with 
an off-loading boot.

Discussion

This case demonstrates the efficacy of SGLT2 inhibitors in 
the treatment of MODY3. The addition of a SGLT2 inhibitor 
to a pre-existing regimen of supramaximal doses of 
gliclazide and metformin immediately achieved excellent 
glycaemic control in a poorly controlled MODY3 patient. 
Furthermore, there were no episodes of hypoglycaemia 
despite the addition of an extra oral hypoglycaemic agent.

SGLT2 inhibitors are a newer class of medications 
for the treatment of T2D (19). These agents block the 
low-affinity, high-capacity glucose transporter located 
in the proximal tubule in the kidneys, and thus induce 
glycosuria to lower serum blood glucose levels (BGL) (20). 
It would be predicted from a pathophysiological basis that 
SGLT2 inhibitors would have reduced efficacy in MODY3 
individuals compared to individuals with T2D due to their 
inherent reduction in SGLT2 expression secondary to their 
defect in HNF-1A (9). Yet a small study demonstrated that 
SGLT2 inhibitors paradoxically induced higher glycosuria 
in individuals with MODY3 compared to individuals 
with T2D, suggesting this novel antihyperglycaemic class 
may be an effective therapeutic option for patients with 
MODY3 (21). The mechanism by which SGLT2 inhibitors 
increase glycosuria in MODY3 remains unknown.

In humans, SGLT2 is responsible for reabsorption of 
~97% of the filtered glucose; however, SGLT2 inhibitors 
block the reabsorption of only ~50–60% of renally 
filtered glucose (22, 23). It has been proposed that SGLT1-
mediated glucose reabsorption increases in the presence 
of SGLT2 inhibition, accounting for the discrepancy 
between observed and anticipated glycosuria (22, 23). 
Indeed, SGLT1 knockout mice have significantly greater 
levels of SGLT2 inhibitor mediated glycosuria, supporting 
the hypothesis that changes in SGLT1 expression could 
explain the increased effectiveness of SGLT2 inhibitors. 
Yet, previous studies have shown HNF-1A mutant 
animals express SGLT1 at the same levels and efficiency as 

control animals, and thus a reduction in the expression 
or function of SGLT1 is unlikely to be the mechanism 
via which SGLT2 inhibitors promote more glycosuria in 
MODY3 patients (9).

The pleiotropic impact of SGLT2 inhibitors may be 
involved in the effectiveness of SGLT2 inhibitors in patients 
with MODY3. SGLT2 inhibitors have been shown to have 
an array of effects such as increasing insulin sensitivity, 
improving β-cell function and shifting substrate utilisation 
from carbohydrates to lipids (24). These factors may explain 
some of the underlying mechanisms of the effectiveness of 
SGLT2 inhibitors in MODY3 patients.

A potential limitation of this case is distinguishing the 
impact on glycaemic control of the addition of a SGLT2 
inhibitor versus the ongoing treatment of the underlying 
osteomyelitis. However, the degree of glycaemic 
improvement demonstrated was above that expected from 
the treatment of osteomyelitis alone and likely reflects a true 
reduction in BGLs from the commencement of the SGLT2 
inhibitor. Further research is required to better elucidate 
the precise mechanism whereby SGLT2 inhibitors induce 
increased glycosuria in MODY3 patients compared to those 
with T2D. The use of SGLT2 inhibitors in MODY3 patients 
also requires caution given the characteristic impairment of 
insulin secretion in MODY3 may predispose these patients 
to a higher risk of euglycaemic diabetic ketoacidosis (1, 3, 8, 
25). The lower threshold for glycosuria in MODY3 patients 
may also lead to higher levels of polyuria exceeding that 
observed in T2D patients, with a possible increased risk of 
volume depletion and dehydration (8, 9, 10). Nonetheless, 
this case demonstrates the effectiveness of an SGLT2 
inhibitor in addition to a sulfonylurea and metformin in 
achieving glycaemic control in a patient with MODY3. 
SGLT2 inhibitors should be considered as part of the 
armamentarium available for clinicians treating patients 
with MODY3.
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