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Maturity-onset diabetes of the young (MODY) is a non-insulin-dependent form of diabetes mellitus that is usually diagnosed
in young adulthood. MODY is most often an autosomal dominant disease and is divided into subtypes (MODY1 to MODY14)
based on the causative genetic mutation. Subtypes 1 to 3 account for 95% of cases. MODY is often misdiagnosed as type 1
or 2 diabetes and should be suspected in nonobese patients who have diabetes that was diagnosed at a young age (younger
than 30 years) and a strong family history of diabetes. Unlike those with type 1 diabetes, patients with MODY have preserved
pancreatic beta-cell function three to five years after diagnosis, as evidenced by detectable serum C-peptide levels with a
serum glucose level greater than 144 mg per dL and no laboratory evidence of pancreatic beta-cell autoimmunity. Patients
with MODY1 and MODY3 have progressive hyperglycemia and vascular complication rates similar to patients with types 1
and 2 diabetes. Lifestyle modification including a low-carbohydrate diet should be the first-line treatment for MODY1 and
MODYS3. Sulfonylureas are the preferred pharmacologic therapy based on pathophysiologic reasoning, although clinical
trials are lacking. Patients with MODY2 have mild stable fasting hyperglycemia with low risk of diabetes-related compli-
cations and generally do not require treatment, except in pregnancy. Pregnant patients with MODY may require insulin
therapy and additional fetal monitoring for macrosomia. (Am Fam Physician. 2022;105(2):162-167. Copyright © 2022 Amer-
ican Academy of Family Physicians.)

Maturity-onset diabetes of the young
(MODY) is an underrecognized type of diabetes
mellitus that is usually diagnosed in young adult-
hood. Advances in genetic testing have led to the
discovery of more subtypes of the disease. This
article provides a summary of the most common
subtypes of MODY to help primary care clini-
cians distinguish the condition from types 1 and
2 diabetes.

Epidemiology and Genetics

o It is most often an autosomal dominant dis-
ease, with 50% of offspring affected. In the most
common subtype (MODY3), more than 95% of
people with the mutation will develop diabetes,
most by 25 years of age.”

o At least 14 genes have been found to cause
MODY. The glucokinase (GCK), hepatocyte
nuclear factor 1 alpha (HNFIA), and HNF4A
genes are implicated in approximately 95% of
cases.” This article focuses on subtypes 1 to 3,
which are caused by these mutations (Table 1*%).

« MODY accounts for approximately 1% to 5% of . .
diabetes cases.! Diagnosis

« Up to 80% of MODY cases are misdiagnosed as
type 1 or 2 diabetes.’

« MODY should be considered in nonobese
patients who have diabetes that was diagnosed at
a young age (younger than 30 years), preserved
pancreatic beta-cell function, lack of pancreatic
beta-cell autoimmunity, and a strong family his-
tory of diabetes.!

o Accurate diagnosis of MODY guides treatment.
Based on the pathophysiology of the disease, sul-
fonylureas are thought to be the most effective
pharmacologic therapy for the most common
subtypes.>*! However, there is no evidence from
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randomized trials showing that early diagnosis and appro-
priate therapy improve patient-oriented outcomes.

o Commercially available genetic testing can confirm the
diagnosis of MODY. Targeted genetic testing is appropriate
because of high cost (Figure 1). Referral to an endocrinolo-
gist and/or a clinical genetics consultant should be consid-
ered when clinical suspicion for MODY is high.

TYPE 1 DIABETES VS. MODY

o The pathogenesis of MODY does not involve pancreatic
beta-cell autoimmunity.

o Type 1 diabetes is caused by autoimmune beta-cell
destruction, usually leading to absolute insulin deficiency.
A laboratory test confirming autoantibodies to islet cells,

TABLE 1

Clinical Characteristics of the Common Subtypes

of Maturity-Onset Diabetes of the Young

Subtype  Gene mutation  Prominent features

glutamic acid decarboxylase 65, insulin, tyrosine phospha-
tase TA-2 and IA-2beta, or zinc transporter 8 is diagnostic
for type 1 diabetes."

 Adding the zinc transporter 8 autoantibody to commer-
cially available beta-cell autoantibody test combinations
has increased autoimmunity detection rates for new-onset
type 1 diabetes to 96% to 98%.'>"

o Clinicians may consider the cost-saving approach of
checking glutamic acid decarboxylase 65 and tyrosine
phosphatase TA-2 at the initial assessment and testing for
other autoantibodies only if both are negative."*

+ Repeat autoantibody testing after a few years in patients
with autoantibody-negative type 1 diabetes has been shown
to improve detection of beta-cell autoimmunity.*®

« Patients with autoantibody-negative
type 1 diabetes are more likely to have
clinical characteristics associated with
other diabetes subtypes (e.g., older
age, higher body mass index, family
history of diabetes). A subset of these
patients may have monogenic or type 2
diabetes.'®

1 HNF4A
significant glucose intolerance

Prone to diabetes-related vascular complications
Associated with fetal macrosomia and neonatal

hypoglycemia

Treatment: sensitive to sulfonylureas; meglitinide and
glucagon-like peptide 1 agonist may be considered

2 GCK

Low risk of diabetes-related vascular complications

Pregnancy: use of insulin determined by mutation
status of mother and fetus and/or evidence of accel-
erated fetal growth on ultrasonography

Treatment: not required except in pregnancy

3 HNFIA

Progressive symptomatic diabetes with significant

glucose intolerance

Prone to diabetes-related vascular complications

Progressive symptomatic diabetes mellitus with

Asymptomatic with stable mild fasting hyperglyce-
mia and A1C levels ranging from 5.7% to 7.5%

Most common subtype (30% to 50%)

o Levels of C-peptide, a product of the
insulin prohormone, is used to assess
pancreatic beta-cell function and insu-
lin secretion. In healthy people, fasting
C-peptide levels range from 0.9 to 1.8 ng
per mL (0.3 to 0.6 nmol per L) and
increase to 3 to 9 ng per mL (1 to 3 nmol
per L) after meals."” A fasting C-peptide
level of less than 0.60 ng per mL (0.20
nmol per L) represents insulin defi-
ciency and is associated with type 1
diabetes."”

o A detectable serum C-peptide level
with a serum glucose level greater than
144 mg per dL (8 mmol per L) three
to five years after diagnosis is unusual
in a patient with type 1 diabetes and
favors the diagnosis of MODY.*

Postprandial glycosuria develops before the onset of

diabetes

HNF1A mutation in the fetus does not affect birth

weight

Treatment: sensitive to sulfonylureas; megli-
tinide and glucagon-like peptide 1 agonist may be

considered

GCK = glucokinase; HNFIA = hepatocyte nuclear factor 1 alpha; HNF4A = hepatocyte nuclear

factor 4 alpha.

Information from references 3-8.
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TYPE 2 DIABETES VS. MODY

o The pathophysiology of MODY
involves impaired insulin secretion,
whereas type 2 diabetes is a heteroge-
neous disease characterized by insu-
lin resistance and a progressive loss of
beta-cell function."

o Clues that a patient presumed to
have type 2 diabetes may actually have
MODY include a lack of response to
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metformin, a larger drop in serum glucose level
with sulfonylureas, and greater sensitivity to
insulin."
o Although definitive guidelines are lacking,
testing for MODY can be considered in a patient
younger than 30 years who has diabetes and:
o Is not obese
o Lacks signs of insulin resistance such as
acanthosis nigricans, skin tags, androgenic
alopecia, or markers of metabolic syndrome
o Lacks pancreatic beta-cell autoantibodies
o Has a fasting C-peptide level greater than
0.60 ng per mL
o Has a family history of diabetes in young,
nonobese family members'

FEATURES OF MODY1 AND MODY3

« MODY1 and MODY3 are caused by mutations
in transcription factors (HNF4A and HNFIA,
respectively). This results in impaired insulin
secretion from defective beta-cell signaling in
response to glucose.” These patients have glucose
intolerance and may have normal fasting serum
glucose levels in the early stages of the disease.

« Patients with MODY3 usually develop post-
prandial glycosuria before the onset of diabetes.
o Like patients with types 1 and 2 diabetes,
patients with MODY1 and MODY3 are thought
to develop associated micro- and macrovascular
complications caused by suboptimal glycemic
control.’

FEATURES OF MODY2

« MODY?2 is caused by mutations in the GCK
gene, resulting in a higher glucose set point for
insulin secretion.’ In contrast to those with other
subtypes, patients with MODY2 regulate insulin
secretion adequately, but higher serum glucose
levels are needed to induce insulin secretion.*"

o Patients with MODY?2 are typically asymptom-
atic and may have stable mild fasting hypergly-
cemia (100 to 145 mg per dL [5.55 to 8.05 mmol
per L]) for years, with A1C levels ranging from
5.7% to 7.5%.'%"

 Unlike in MODY1 and MODY3, patients with
MODY?2 usually do not have significant post-
prandial hyperglycemia."

o MODY?2 is not associated with a higher inci-
dence of vascular complications.*>*

o Patients with MODY2 are at risk of devel-
oping concurrent type 2 diabetes later in life,
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FIGURE 1

Patient with diabetes mellitus
at a young age (< 30 years)

’

Obese?

No lYes

Signs of insulin resistance
(acanthosis nigricans, skin
tags [acrochordons], andro-
genic alopecia, markers of
metabolic syndrome)?

No Yes

\/
Pancreatic beta-cell Likely type 2
autoimmunity testing* diabetes

|
. .

Positive findings Negative findings

' !

Type 1 diabetes Fasting C-peptide
level < 0.60 ng per mL
(0.20 nmol per L)?

lNo lYes

Family history of diabetes?{ Type 1 diabetes

lNo lYes

Preserved beta-cell function Suspect MODY
(detectable C-peptide level with
a serum glucose level > 144 mg
per dL [8 mmol per L) three to
five years after the initial diabe-
tes diagnosis

Suspect MODY if ——— » Consider genetic testing
patient is not obese Consider referral to an
endocrinologist and/or a
clinical genetics consultant

MODY = maturity-onset diabetes of the young.

*—Autoantibodies to islet cell, glutamic acid decarboxylase 65, insulin, tyrosine
phosphatase IA-2 and IA-2beta, or zinc transporter 8.

t—Suspicion of MODY is higher in patients with a family history of diabetes in
young, nonobese individuals.

Algorithm for targeted genetic testing for MODY.
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with prevalence similar to that in the general
population.*

Treatment

MODY1 AND MODY3

o There are limited data on what A1C goals are
associated with the best outcomes for patients
with MODY1 and MODY3. Because these
patients are thought to be susceptible to micro-
and macrovascular complications, it is reason-
able to individualize A1C goals based on patient
characteristics (e.g., comorbidities, life expec-
tancy, risks associated with hypoglycemia), as
recommended by American Diabetes Associ-
ation guidelines for patients with types 1 and 2
diabetes.?

o Lifestyle modification including a low-carbo-
hydrate diet should be first-line therapy because
MODY1 and MODY3 are predominantly associ-

SORT: KEY RECOMMENDATIONS FOR PRACTICE

Evidence
Clinical recommendation rating Comments
MODY should be considered in non- © Consensus,
obese patients who have diabetes expert opinion
mellitus that was diagnosed at a young
age (younger than 30 years), preserved
pancreatic beta-cell function, lack of
pancreatic beta-cell autoimmunity, and
a strong family history of diabetes.!
Sulfonylureas are the preferred phar- C Consensus,
macologic therapy for hyperglycemia in expert opinion
MODY1 and MODY3.54
Pharmacologic treatment of hyper- < Consensus,

glycemia is not required for MODY?2
because the risk of vascular com-
plications is low and patients are
asymptomatic.34

expert opinion

ated with glucose intolerance.

o If glycemic control worsens, sulfonylureas
are the recommended pharmacologic ther-
apy because these drugs bypass the defective
glucose-mediated insulin secretion associated
with HNFIA and HNF4A mutations.>*

o Patients with MODY3 are four times more
responsive to sulfonylureas than patients with type 2 dia-
betes and are therefore at higher risk of hypoglycemia when
using these drugs.?

« Sulfonylureas should be started at one-fourth of the typi-
cal starting dose to avoid hypoglycemia, then slowly titrated
to achieve optimal glycemic control.*

o Although glucose-induced insulin secretion may decline
over time, most patients remain responsive to sulfonylureas
for decades.”

o Meglitinides may be considered instead of sulfonylureas
to treat postprandial hyperglycemia if sulfonylurea use is
complicated by frequent hypoglycemic events.”

« A small double-blind, randomized, crossover trial com-
pared liraglutide (Victoza), a glucagon-like peptide 1 ago-
nist, with glimepiride (Amaryl), a sulfonylurea. Patients
taking liraglutide had similar glycemic control as those tak-
ing glimepiride but much lower risk of hypoglycemia. Lira-
glutide may be considered in patients who are obese or with
high rates of hypoglycemia.®

o Limited data suggest that dipeptidyl-peptidase 4 inhib-
itors and sodium-glucose cotransporter 2 inhibitors may
also be effective, but additional studies are needed.***

o Because MODY is associated with impaired insulin secre-
tion and minimal or no defects in insulin action, metformin
is not a preferred pharmacologic agent.
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MODY = maturity-onset diabetes of the young.

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limit-
ed-quality patient-oriented evidence; C = consensus, disease-oriented evidence,
usual practice, expert opinion, or case series. For information about the SORT
evidence rating system, go to https://www.aafp.org/afpsort.

MODY2

« Pharmacologic treatment of hyperglycemia is not required
for MODY2, except in pregnancy, because the risk of vascu-
lar complications is low and patients are asymptomatic.**

o Treatment with oral hypoglycemic agents and insulin
may not be effective in decreasing A1C."

Special Considerations for Pregnant Patients

« MODY may be first discovered when screening for ges-
tational diabetes during pregnancy. The prevalence of
MODY in patients with gestational diabetes is estimated
at 1% to 6%.26%

o There are no guidelines to assist in determining which
patients with gestational diabetes should be tested for MODY.
o A diagnosis of MODY may be considered in pregnant
patients younger than 25 years with a normal prepreg-
nancy body mass index; a history of previous gestational
diabetes; and a family history of diabetes, gestational dia-
betes, or fasting hyperglycemia greater than 99 mg per dL
(5.5 mmol per L).%%

o There is a lack of high-quality evidence to guide MODY
treatment in pregnancy.

o Glyburide is the only sulfonylurea recommended for
use during pregnancy because it has been studied most
extensively.*
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« However, glyburide use in patients with gestational dia-
betes is associated with more than a twofold increased risk
of macrosomia and neonatal hypoglycemia compared with
insulin use. Insulin is therefore the preferred agent in preg-
nant patients with MODY1 and MODY3, particularly in the
third trimester.’**

o Experts recommend switching from a sulfonylurea to
insulin before conception, or during the second trimester in
patients with excellent glycemic control.*

o The risk of macrosomia depends on the MODY subtype
of the mother and fetus. If mother and fetus have MODY1,
there is an increased risk of macrosomia.*? In contrast, if
mother and fetus have MODY2, there is no increased risk.’?
MODY3 is not a risk factor for macrosomia, regardless of
mutation status of the fetus.>*

o Pregnant patients with MODY2 are treated based on
mutation status of the fetus. If mother and fetus have
MODY2, no treatment is needed (both have the same glu-
cose set point and therefore no increased risk of macro-
somia). If the mother has MODY2 but the fetus does not,
treatment with insulin is recommended to control maternal
hyperglycemia and decrease the risk of macrosomia.’

« Prolonged neonatal hypoglycemia may occur in neonates
born to mothers with MODY1, and monitoring is recom-
mended for at least 48 hours.*

« Diagnosis of MODY in pregnancy allows for the oppor-
tunity to offer genetic testing for the infant in the newborn
period.*

Data Sources: PubMed searches were performed using combi-
nations of the search terms MODY and GDM, MODY and preg-
nancy, MODY and genetic counseling, and monogenic diabetes.
We included randomized controlled trials, meta-analyses, and
reviews published within the previous five years. Search dates:
December 2020, January 2021, and November 2021.

The Authors

RAVI KANT, MD, is an endocrinologist at AnMed Health,
Anderson, S.C., and an affiliate associate professor in the
Division of Endocrinology, Diabetes, and Metabolism at the
Medical University of South Carolina, Charleston.

AMANDA DAVIS, MD, is a faculty member at AnMed Health
Family Medicine Residency Program and an affiliate associate
professor in the Department of Family Medicine at the Medi-
cal University of South Carolina.

VIPIN VERMA, MD, is a faculty member at AnMed Health
Family Medicine Residency Program and an affiliate assistant
professor in the Department of Medicine at the Medical Uni-
versity of South Carolina.

Address correspondence to Ravi Kant, MD, Medical University
of South Carolina/AnMed Campus, 2000 E. Greenville St., Ste.

166 American Family Physician

www.aafp.org/afp

3100, Anderson, SC 29621 (email: kant.ravimd@gmail.com).
Reprints are not available from the authors.

References

1. Nkonge KM, Nkonge DK, Nkonge TN. The epidemiology, molecular
pathogenesis, diagnosis, and treatment of maturity-onset diabetes of
the young (MODY). Clin Diabetes Endocrinol. 2020;6(1):20.

2. Shepherd M, Ellis |, Ahmad AM, et al. Predictive genetic testing in maturity-
onset diabetes of the young (MODY). Diabet Med. 2001;18(5):417-421.

3. Delvecchio M, Pastore C, Giordano P. Treatment options for MODY
patients: a systematic review of literature. Diabetes Ther. 2020;11(8):
1667-1685.

4. Hattersley AT, Greeley SAW, Polak M, et al. ISPAD clinical practice con-
sensus guidelines 2018: the diagnosis and management of monogenic
diabetes in children and adolescents. Pediatr Diabetes. 2018:19(suppl
27).47-63.

5. Jang KM. Maturity-onset diabetes of the young: update and perspectives
on diagnosis and treatment. Yeungnam Univ J Med. 2020;37(1):13-21.

6. Urakami T. Maturity-onset diabetes of the young (MODY): current per-
spectives on diagnosis and treatment. Diabetes Metab Syndr Obes.
2019;12:1047-1056.

. Raile K, Schober E, Konrad K, et al.; DPV Initiative the German BMBF
Competence Network Diabetes Mellitus. Treatment of young patients
with  HNFIA mutations (HNFLA-MODY). Diabet Med. 2015;32(4):
526-530.

8. Dstoft SH, Bagger JI, Hansen T, et al. Glucose-lowering effects and
low risk of hypoglycemia in patients with maturity-onset diabetes of
the young when treated with a GLP-1 receptor agonist: a double-blind,
randomized, crossover trial. Diabetes Care. 2014;37(7):1797-1805.

9. Shields BM, Hicks S, Shepherd MH, et al. Maturity-onset diabetes of the
young (MODY): how many cases are we missing? Diabetologia. 2010;
53(12):2504-2508.

10. Pearson ER, Starkey BJ, Powell RJ, et al. Genetic cause of hypergly-
caemia and response to treatment in diabetes. Lancet. 2003;362(9392):
1275-1281.

11. American Diabetes Association. Diagnosis and classification of diabetes
mellitus. Diabetes Care. 2013;36(suppl 1):S67-S74

12. Wenzlau JM, Juhl K, Yu L, et al. The cation efflux transporter ZnT8
(SIc30A8) is a major autoantigen in human type 1 diabetes. Proc Natl
Acad Sci U S A.2007;104(43):17040-17045.

13. Wenzlau JM, Hutton JC. Novel diabetes autoantibodies and prediction
of type 1 diabetes. Curr Diab Rep. 2013;13(5):608-615.

14. Kanner L, Bekx MT. Targeting IA-2 and GAD65 as a cost-saving approach
for antibody testing in children with new-onset diabetes. Clin Diabetes.
2019;37(1):90-92.

15. Hameed S, Ellard S, Woodhead HJ, et al. Persistently autoantibody neg-
ative (PAN) type 1 diabetes mellitus in children. Pediatr Diabetes. 2011;
12(3 pt 1):142-149.

16. Bravis V, Kaur A, Walkey HC, et al.; ADDRESS-2 Management Commit-
tee, Patient Advocate Group and Investigators. Relationship between
islet autoantibody status and the clinical characteristics of children and
adults with incident type 1 diabetes in a UK cohort. BMJ Open. 2018;
8(4):020904.

17. Leighton E, Sainsbury CA, Jones GC. A practical review of C-peptide
testing in diabetes. Diabetes Ther. 2017,8(3):475-487.

18. Ellard S, Bellanné-Chantelot C, Hattersley AT, European Molecular
Genetics Quality Network (EMQN) MODY group. Best practice guide-
lines for the molecular genetic diagnosis of maturity-onset diabetes of
the young. Diabetologia. 2008;51(4):546-553.

19. Stride A, Vaxillaire M, Tuomi T, et al. The genetic abnormality in the
beta cell determines the response to an oral glucose load. Diabetologia.
2002;45(3):427-435.

~

Volume 105, Number 2 + February 2022



20.

21

22.

23.

24.

25.

26.

February 2022 + Volume 105, Number 2

MATURITY-ONSET DIABETES OF THE YOUNG

Steele AM, Shields BM, Wensley KJ, et al. Prevalence of vascular com-
plications among patients with glucokinase mutations and prolonged,
mild hyperglycemia. JAMA. 2014;311(3):279-286.

Fendler W, Matachowska B, Baranowska-Jazwiecka A, et al.; PolPeDiab
Study Group. Population-based estimates for double diabetes amongst
people with glucokinase monogenic diabetes, GCK-MODY. Diabet
Med. 2014;31(7):881-883.

American Diabetes Association. 6. Glycemic targets: Standards of Med-
ical Care in Diabetes-2021. Diabetes Care. 2021;44(suppl 1):573-S84.

Fajans SS, Brown MB. Administration of sulfonylureas can increase
glucose-induced insulin secretion for decades in patients with maturity-
onset diabetes of the young. Diabetes Care. 1993;16(9):1254-1261.

Tonouchi R, Mine Y, Aoki M, et al. Efficacy and safety of alogliptin in
a pediatric patient with maturity-onset diabetes of the young type 1.
Clin Pediatr Endocrinol. 2017,26(3):183-188.

Hohendorff J, Szopa M, Skupien J, et al. A single dose of dapagliflozin,
an SGLT-2 inhibitor, induces higher glycosuria in GCK- and HNF1A-
MODY than in type 2 diabetes mellitus. Endocrine. 2017,57(2):272-279.
Gjesing AP, Rui G, Lauenborg J, et al. High prevalence of diabetes-

predisposing variants in MODY genes among Danish women with ges-
tational diabetes mellitus. J Endocr Soc. 2017;1(6):681-690.

27.

28.

29.

30.

31

32.

www.aafp.org/afp

Chakera AJ, Spyer G, Vincent N, et al. The 0.1% of the population
with glucokinase monogenic diabetes can be recognized by clinical
characteristics in pregnancy: the Atlantic Diabetes in Pregnancy cohort.
Diabetes Care. 2014;37(5):1230-1236.

Stein SA, Kant R, Malek R, et al. The genetic architecture of diabetes
in pregnancy. In: Langer O, ed. The Diabetes in Pregnancy Dilemma:
Leading Change with Proven Solutions. 2nd ed. People’'s Medical Pub-
lishing House; 2015:197-204.

Urbanova J, Brunerova L, Nunes M, et al. Identification of MODY among
patients screened for gestational diabetes: a clinician’s guide. Arch
Gynecol Obstet. 2020;302(2):305-314.

Dickens LT, Naylor RN. Clinical management of women with mono-
genic diabetes during pregnancy. Curr Diab Rep. 2018;18(3):12.
Poolsup N, Suksomboon N, Amin M. Efficacy and safety of oral antidi-
abetic drugs in comparison to insulin in treating gestational diabetes
mellitus: a meta-analysis. PLoS One. 2014;9(10):e109985.

Pearson ER, Boj SF, Steele AM, et al. Macrosomia and hyperinsulinaemic
hypoglycaemia in patients with heterozygous mutations in the HNF4A
gene. PLoS Med. 2007;4(4):e118.

American Family Physician 167



