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Women with maturity-onset diabetes of the young (MODY) need tailored
antenatal care and monitoring of their offspring. Each MODY subtype has
different implications for glycaemic targets, treatment choices and neonatal
management. Hyperglycaemia of MODY is often first diagnosed in
adolescence or early adulthood and therefore is clinically relevant to pregnant
women. MODY remains an under-recognised and undiagnosed condition.
Pregnancy represents an opportune time to make a genetic diagnosis of
MODY and provide precision treatment. This review describes the nuance of
antenatal care in women with MODY and the implications for pregnancies
affected by a positive paternal genotype. Mutations in hepatic nuclear factor
1-alpha (HNF1A) and 4-alpha (HNF4A) genes are associated with progressive β-
cell dysfunction resulting in early onset diabetes. Patients are largely managed
with sulphonylureas outside of pregnancy. Macrosomia and persistent neonatal
hypoglycaemia are reported in 54% and 15% of HNF4A genotype positive
offspring respectively with a median increase in birthweight of 790 g. Close
observation of foetal growth in utero allows optimal timing of delivery to
minimise peri- and postpartum materno-foetal complications. Glucokinase
(GCK)-MODY causes mild fasting hyperglycaemia which does not require
treatment outside of pregnancy. Birthweight of offspring of maternal carriers
is dependent on foetal genotype; heterozygous mutation carriers are usually
normal weight while genotype negative offspring are large for gestational age
(600 g heavier). Affected offspring of paternal carriers may be small for
gestational age (500 g lighter). Serial growth scans with measurement of the
abdominal circumference indirectly differentiate foetal genotype. Measurement
of cell free foetal DNA in maternal blood from the late first trimester is superior to
traditionally used ultrasound to distinguish foetal genotype. Cost and accessibility
may limit its use.
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1 Introduction

MODY is a phenotypically and genetically heterogenous subtype
of monogenic diabetes defined as young onset of non-insulin
dependent diabetes with a pattern of dominant inheritance. The
most common forms of MODY in adults include GCK-MODY
(30%–50%) and HNF1A-MODY (30%–50%) while HNF4A-MODY
is much rarer (2%–5%) (Shields et al., 2010; Kyithar et al., 2011). Up
to one in 1500 individuals carry a pathogenic variant for one of these
MODY subtypes (Mirshahi et al., 2022). All of these mutations
exhibit autosomal dominant inheritance. Both paternal and
maternal inheritance can affect foetal development in utero, as
well as perinatal and neonatal outcomes. These clinical
implications can often be under recognised as MODY remains
frequently undiagnosed or misdiagnosed as type 1, type 2 or
gestational diabetes (GDM).

2 Principles of management of diabetes
in pregnancy

Pregestational diabetes is associated with increased incidence of
embryopathy directly proportional to HbA1c elevation in early
pregnancy (Guerin et al., 2007). Rigorous pre-pregnancy
planning facilitates commencement of high dose folic acid,
ensures up to date retinal screening, discontinuation of potential
teratogenic medication and optimsation of dysglycaemia to a HbA1c

of less than 42 mmol/mol (ElSayed et al., 2022).
GDM occurs exclusively in pregnancy. Some deliberation exists

around the diagnostic thresholds for GDM. The International
Association of Diabetes in Pregnancy Study Group criteria are
when one or more values equals or exceeds thresholds of a
fasting glucose of 5.1 mmol/L, 1-h of 10 mmol/L or 2 h of
8.5 mmol/L following a 75 g oral glucose tolerance test preceded
by an overnight fast (Metzger et al., 2010). Suboptimal glycaemic
control is associated with macrosomia and its inherent morbidity at
delivery and in the neonatal period. Therefore, the American
Diabetes Association endorse stringent pregnancy targets for
women with GDM of fasting glucose of less than 5.3 mmol/L
and 1 h post-prandial value of less than 7.8 mmol/L (ElSayed
et al., 2022).

Insulin is considered the gold standard treatment option for
women with diabetes in pregnancy despite being labour intensive for
women in administration and the inherent risk of hypoglycaemia
(ElSayed et al., 2022). Metformin use has historically been linked to
small for gestational age infants (Rowan et al., 2008; Feig et al., 2020),
although more recent data disputes this and reinforces that
metformin is associated with less maternal weight gain, less
insulin requirement and less incidence of neonatal macrosomia
(Dunne et al., 2023). Sulphonylurea (SU) drugs, such as
glibenclamide, undergo placental-foetal transfer, thereby
increasing foetal size and incidence of neonatal hypoglycaemia
(Camelo Castillo et al., 2015). One meta-analysis observed a
relative risk ratio of macrosomia and neonatal hypoglycaemia of
2.62 (95% CI 1.35–5.08) and 2.04 (95% CI 1.30–3.20) respectively in
offspring where women with GDM were treated with SU (Balsells
et al., 2015). As a result of these concerns, SU agents are not
routinely used in pregnancy.

3 HNF1A-MODY

HNF1A-MODY accounts for approximately 30%–50% of
MODY cases (Shields et al., 2010; Kyithar et al., 2011). The
estimated prevalence of HNF1A mutations in women affected by
GDM is less than 1% (Weng et al., 2002; Zurawek et al., 2007).
Numerous cases in published retrospective reviews are diagnosed at
a later age due to familial screening once generational inheritance
has been established.

3.1 Pathophysiology

HNF1A-MODY is due to an inactivating germline mutation
in the gene encoding HNF1α in chromosome 12q identified in
1995 (Menzel et al., 1995; Vaxillaire et al., 1995; Yamagata et al.,
1996a). HNF1α is a transcription factor expressed in the
pancreas, liver (Odom et al., 2004), kidney (Pontoglio et al.,
2000) and gut (Lussier et al., 2010). Within the pancreatic β-cell,
HNF1α acts as a regulator of insulin secretion in part through
influence of glucose transporter 2 (GLUT2) (Luni et al., 2012).
Inactivating mutations of HNF1A result in impaired insulin
secretion in β-cells with decreased insulin response to high
glucose evident in genotype positive prediabetic subjects
(Byrne et al., 1996).

Affected individuals are typically young and lean with a
progressive β-cell defect and variable treatment requirements
over time. Fasting glucose levels are often mildly raised while
post-prandial values show a relatively high increment. Diabetes
exposure in utero results in an earlier age at diagnosis of diabetes
in heterozygous HNF1A offspring (15.5 ± 5.4 vs. 27.5 ± 13.1 years,
p = 0.05) (Stride et al., 2002).

Glucosuria is seen at relatively normal glucose values due to
altered renal glucose reabsorption (Menzel et al., 1998). Liver
adenomatosis has been observed in some cases (Reznik et al.,
2004). First line treatment outside of pregnancy is with low dose
SU which bind to the SUR1 subunit and close the ATP-sensitive
potassium channel to stimulate insulin release from the β-cell,
bypassing the effects of HNF1A on the GLUT2 pathway
(Pearson et al., 2003; Bacon et al., 2016a). Glucagon-like
peptide 1 agonist therapy could potentially be used as a
second line treatment option for this cohort (Østoft et al. 2014).

3.2 Characteristics of HNF1A-MODY
in pregnancy

To date, no significant difference in birth weight and rates of
macrosomia has been shown in neonates inheriting a HNF1A
mutation when compared to unaffected siblings (Pearson et al.,
2007; Bacon et al., 2015). One retrospective review showed that
birthweight among 85 heterozygousHNF1A offspring was similar to
49 familial controls who did not carry theHNF1Amutation (median
difference 10 g, p = 0.86) (Pearson et al., 2007). Another cohort study
showed a median birthweight was 3.6 kg (IQR 3.1–4.0 kg)
corresponding to the 60th centile when corrected for gestational
age (Bacon et al., 2015). Incidence of macrosomia and prolonged
hypoglycaemia were noted to be higher in offspring of non-insulin
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treated pregnancies although this did not reach statistical
significance.

Diazoxide-responsive congenital hyperinsulinaemic
hypoglycaemia (CHI) is very rare but has been described in
offspring with HNF1A mutations (Brusgaard et al., 2006;
Dusatkova et al., 2011; Stanescu et al., 2012). A retrospective
study from a large paediatric unit showed that 3.4% of CHI cases
were due to HNF1A mutations (Tung et al., 2018). Median
birthweight was 3815 g (IQR 3317–4176 g) and the majority of
cases were paternally inherited. The age of presentation with
hypoglycaemia varied from one day to three months old with
diazoxide treatment requirement up to 7.3 years.

3.3 Management of HNF1A-MODY
in pregnancy

3.3.1 Diabetes care
Outside of pregnancy, HNF1A-MODY is optimally managed

with low dose SU therapy (Pearson et al., 2003; Bacon et al.,
2016a). Management of dysglycaemia in pregnancy is nuanced as
outlined in Table 1. SU use has not been studied in MODY
affected pregnancies. Insulin remains the first line therapy during
pregnancy. Initiation pre-pregnancy allows for cessation of SU
and optimisation of glycaemic control. Insulin therapy was
initiated in 26% of pregnancies in the only study describing
glycaemic treatment (Bacon et al., 2015). Insulin dose
requirements were 0.4unit/kg/day (0.2–0.60) in the first
trimester and increased to 0.8unit/kg/day (0.6–0.9) in the
third trimester.

A switch from SU treatment to insulin in the first trimester
may transiently compromise glycaemic control with potential
effect on organogenesis. Treatment guidelines suggest that
glibenclamide can be continued until the second trimester of
pregnancy provided that glycaemic targets for pregnancy
including a HbA1c of less than 42 mmol/mol are achieved
(Shepherd et al., 2017). No increased incidence of congenital
anomalies or pregnancy loss has been observed in first trimester
use of SU (Towner et al., 1995). Therefore, the decision on switch
from SU in early pregnancy is based on maternal glycaemic
control, type and dosage of SU agent at the time of conception
and patient choice.

3.3.2 Obstetric and postpartum care
Regular foetal growth assessment from 28 weeks gestation in line

with guidelines for pre-GDM aids decision making on timing of
delivery (Shepherd et al., 2017). Delivery at 37 to 38+6 weeks should
be considered according to foetal growth.

Glibenclamide is not secreted in breastmilk or associated with
neonatal hypoglycaemia at doses of 5–10 mg daily (Feig et al., 2005).
Gliclazide, a more commonly available agent, has not been studied.
Therefore, women who breastfeed with persistent dysglycaemia
postpartum may switch to glibenclamide, provided dose
requirements are relatively modest, or continue on
insulin treatment.

Neonatal monitoring for hypoglycaemia should be performed
following delivery. Offspring of HNF1A heterozygous carriers who
develop CHI without a history of perinatal stress should be screened
for HNF1A gene mutations (Tung et al., 2018).

4 HNF4A-MODY

The genetic basis of HNF4A-MODY was first described in 1996
(Yamagata et al., 1996b). Phenotypic features of young onset of
diabetes in a lean individual with predominant postprandial
dysglycaemia overlaps with HNF1A-MODY. Foetal
hyperinsulinism, macrosomia and CHI complete the dual
phenotype and appear to be more common in HNF4A-MODY
than HNF1A-MODY (Stanescu et al., 2012). Hyperinsulinism can
persist into early adulthood (Bacon et al., 2016b). SU are most
commonly used to treat hyperglycaemia outside of pregnancy
(Shepherd et al., 2018).

4.1 Pathophysiology

The pathophysiology that mediates this dual phenotype is
not well understood. Clinical studies show loss of HNF4A
function leads to β-cell dysfunction and impaired insulin
secretion (Byrne et al., 1995). Inactivation of the HNF4A gene
in mice resulted in hyperinsulinaemia in utero and overt
hypoglycaemia in early life (Gupta et al., 2005; Pearson et al.,
2007). One of those studies also observed impaired glucose
tolerance and 60% reduced expression of KCNJ11 which

TABLE 1 Suggested management of HNF1A- and HNF4A-MODY in pregnancy according to parental history.

Parental
carrier

Pre-conception Second trimester Third trimester Post-delivery

Maternal Optimisation of glycaemic
controla

Switch to insulin if on SU Monitor for increased foetal size,
particularly if HNF4A-MODY

Monitor for neonatal hypoglycaemia for 48 h
following delivery, particularly if HNF4A-MODY

Option 1: transition from SU to
insulin

Option 2: switch from alternative
SU to glibenclamide

Consider early delivery if foetal size
increased

Paternal Alert patient and obstetrician to features of HNF1A- or
HNF4A-MODY in pregnancy

aDependent on current treatment, HbA1c and patient preference.
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encodes the Kir6.2 subunit of the potassium channel on the
GLUT2 transporter (Gupta et al., 2005), although this was not
replicated in another study where expression of Kir6.2 was
normal (Pearson et al., 2007). One hypothesis proposed foetal
insulin hypersecretion induces β-cell failure later in life resulting
in diabetes. Another suggested that two separate HNF4A gene-
expression defects could result in this contrasting biphasic
phenotype (Pearson et al., 2007).

4.2 Characteristics of HNF4A-MODY
in pregnancy

A significant increase in birthweight was seen in 54 HNF4A
carriers compared to non-affected family members (median 790 g,
p < 0.001) (Pearson et al., 2007). In the same group, the incidence of
macrosomia was four times higher in HNF4A carriers compared to
the non-mutation family members (56% vs. 13%, p < 0.001). This
effect was heightened if the HNF4A mutation was maternally
inherited (median corrected birth weight 4,840 g when mother
affected vs. 4,170 g when father affected). Similar results were
seen in a more recent study of 186 affected individuals (Locke
et al., 2022). Higher birthweight in affected offspring is associated
with reduced penetrance of diabetes in childhood and early
adulthood (Locke et al., 2022).

Importantly 46% of HNF4A genotype positive offspring with
paternal inheritance were macrosomic at birth (Pearson et al., 2007).
This suggests macrosomia in affected offspring correlates with foetal
genotype and foetal intra-uterine hyperglycaemia exposure has an
additional effect.

One centre reported that HNF4Amutations are the third most
common cause of diazoxide-responsive CHI accounting for 18.6%
of cases with identifiable genetic aetiology (Flanagan et al., 2010).
CHI generally develops within the first week of life with the
majority presenting within the first two days of life (Flanagan
et al., 2010; Tung et al., 2018; McGlacken-Byrne et al., 2022).
Inactivating HNF4A mutations associated with CHI tend to arise
from the 7–9 isoforms expressed in the P2 promotor (Kapoor et al.,
2008). Transient hypoglycaemia which, occurs within the first
three days of life, was observed in 15.4% of mutation carriers in
one cohort however this may be underestimated based on
retrospective nature of study design with patient recall of
perinatal events (Pearson et al., 2007).

4.3 Management of HNF4A-MODY
in pregnancy

4.3.1 Management of diabetes
There is limited evidence to guide maternal glycaemia

management in pregnancy in HNF4A-MODY. Similar to
HNF1A-MODY, women are ideally established on insulin
therapy pre-pregnancy. Alternatively, women can continue on a
pregnancy safe SU (glibenclamide) in the first trimester of
pregnancy with a switch to insulin therapy in the second
trimester (Shepherd et al., 2017). This is thought to avoid the
macrosomic effect of glibenclamide in late pregnancy. The
impact of maternal glycaemic control on birth weight and

neonatal hypoglycaemia in HNF4A-MODY is not described in
the literature.

4.3.2 Obstetric and postpartum care
Management of a parental history of HNF4A-MODY in

pregnancy is summarised in Table 1. It is recommended that
serial growth assessments are performed from 28 weeks’ gestation
at two weekly intervals to detect developing macrosomia (Shepherd
et al., 2017). Early delivery is generally indicated if the foetus appears
genetically affected based on foetal size. Macrosomia confers an
increased risk of shoulder dystocia, brachial plexus injury, prolonged
second stage of labour, assisted delivery and need for emergency
caesarean section (Kapoor et al., 2008).

Importantly, heterozygous HNF4A mutations of paternal
inheritance are associated with macrosomia (Pearson et al., 2007). A
paternal history of HNF4A-MODY warrants the same frequency of
assessment of foetal growth in utero, i.e., serial growth assessments are
performed from 28 weeks’ gestation at two weekly intervals to detect
developing macrosomia (Shepherd et al., 2017).

Cell free DNA has been used to determine foetal genotype in
GCK mutations and ABCC8 and may be beneficial in the future in
others forms of MODY including HNF4A (De Franco et al., 2017;
Hughes et al., 2023). Detection of a paternally inherited HNF4A
mutation in the cell free foetal DNA in a maternal blood sample
may help to stratify neonatal risk of macrosomia and CHI following
delivery. Use of cell free DNA in cases of potential paternal inheritance
may be considered in clinical practice in the near future although not
reported in the literature yet.

Monitoring for neonatal hypoglycaemia is required for at least
48 h in the postpartum period. Neonatal hypoglycaemia,
independent of maternal glycaemia, is seen in at least 10% of
affected neonates with a proportion requiring prolonged
treatment for up to a number of months (Shepherd et al., 2017).

Similar to HNF1A-MODY, women with persistent dysglycaemia
following pregnancy may be able to switch to SU therapy and
glibenclamide in particular if breastfeeding in the postpartum period.

5 GCK-MODY

5.1 Pathophysiology

GCK-MODY is due to a heterozygous inactivation of the
glucokinase gene located on chromosome 7b (Froguel et al., 1992).
Glucokinase acts as a glucose sensor in the pancreatic β-cell. Subjects
with this genetic variation typically present with mild fasting plasma
glucose (5.5–8mmol/L), an increment of less than 4.6 mmol/L following
glucose load and HbA1c values less than 60 mmol/mol (7.6%) (Steele
et al., 2013). Studies have shown that oral hypoglycaemic agents are not
recommended and are ineffective in GCK-MODY patients. (Stride et al.,
2014). Individuals are usually asymptomatic and do not develop long
term micro and macrovascular complications that frequently occur in
diabetes (Steele et al., 2014).

According to the Atlantic Diabetes in Pregnancy cohort study,
population prevalence of GCK-MODY is 1.1 in 1000 (Chakera et al.,
2014). Pregnancy is an opportunity for case detection as many women
are screened for GDM. Fasting glucose greater than 5.5 mmol/L and
BMI less than 25 kg/m2 confer a specificity of 98% and sensitivity of
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68% for GCK diagnosis in this Caucasian population although may not
be accurate for different cohorts (Chakera et al., 2014).

5.2 Characteristics of GCK-MODY
in pregnancy

Foetal endogenous insulin secretion is influenced by maternal
hyperglycaemia. A genetically unaffected foetus of a woman with a
GCK mutation is 600 g heavier at birth with a higher risk of foetal
macrosomia due to dysregulated insulin stimulated foetal growth
(Hattersley et al., 1998; Spyer et al., 2009). To avoid this, it is
recommended to normalise hyperglycaemia in maternal GCK carriers
of an unaffected foetus through the use of insulin therapy (Hattersley
et al., 1998; Chakera et al., 2015). In contrast, when the foetus inherits the
maternal gene, foetal growth is normal due to a similar mildly elevated
glucose set point in utero. Treatment with insulin in this scenario may
precipitate foetal growth restriction (Timsit et al., 2021). Furthermore,
birth weight is reduced by 500 g in paternally inherited foetal mutations
where a mother is unaffected (Hattersley et al., 1998). The congenital
malformation rate of GCK-MODY pregnant women’s offspring is 2.4%
with no difference in genotype positive or negative offspring (Ren et al.,
2023). There is a lower birth complication rate in genotype positive
offspring compared to negative offspring.

5.3 Management of GCK-MODY
in pregnancy

5.3.1 Management of diabetes
Treatment in pregnancy poses a great clinical dilemma as insulin

initiation is determined by foetal genetic inheritance (Chakera et al.,
2012; Timsit et al., 2021). Current recommendations for the

management of GCK-MODY in pregnancy are summarised in
Figure 1. Once insulin is introduced, glucose targets for
pregnancy can be elusive. A high prevalence of severe
hypoglycaemia has been reported by GCK affected women
treated with insulin (Dickens et al., 2019). Exogenous insulin
treatment reduces endogenous insulin secretion as a consequence
of defective glucose sensing in the β-cell. In addition, individuals
have a higher hypoglycaemic threshold for counter-regulatory
glucagon and epinephrine secretion which, potentially protects
against hypoglycaemia (Guenat et al., 2000). Individuals with
GCK-MODY experience autonomic symptoms at higher glucose
levels making the traditional glycaemic targets for GDM difficult to
achieve (Chakera et al., 2018).

5.3.2 Obstetric and postpartum care
Invasive testing for determination of foetal genotype is not

recommended due to the inherent risk of miscarriage. Foetal
genotype is most commonly determined by assessment of foetal
growth via serial ultrasound and more recently with use of cell free
DNA. Serial ultrasounds are used in women with gestational
diabetes where insulin treatment is titrated according to the
acceleration of the foetal abdominal circumference (Timsit et al.,
2021). Ultrasound in GCK-MODY pregnancies helps to classify
foetal genotype by measurement of the abdominal circumference
(AC) (Timsit et al., 2021). At 26 weeks gestation, an AC less than the
75th percentile suggests the foetus has inherited the GCK mutation
and insulin is not recommended (Timsit et al., 2021).

An AC disproportionately greater than the 75th percentile
suggests the foetus is a non-carrier and insulin is needed to
prevent macrosomia and delivery should occur at 38 weeks
(Timsit et al., 2021). Insulin initiation in the third trimester in
this context has not been proven to prevent macrosomia. In one
study GCK unaffected offspring whose mothers were treated with

FIGURE 1
Current recommendations for the management of maternal GCK-MODY in pregnancy. AC, Abdominal Circumference.
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insulin had a lower rate of macrosomia compared to the non-insulin
treated group (33.3% vs. 62.5%) (Bacon et al., 2015). Another study
showed that insulin therapy in unaffected offspring did not reduce
large for gestational age (López Tinoco et al., 2021).

A recent study has shown that assessment of foetal genotype
via ultrasound is not accurate with a 53% sensitivity and 61%
specificity for an AC greater than 75th percentile (Hughes et al.,
2023). The use of cell free DNA is a promising diagnostic choice
with a sensitivity of 100% and specificity of 96%. Results can be
obtained prior to the third trimester which enables better
pregnancy management with insulin (Hughes et al., 2023).
Albeit an accurate diagnostic measure for foetal genotype
classification, the biggest limiting factor for use of cell free
DNA extraction is cost with an estimated cost of £2000 per
patient (Verhoef et al., 2016; Hughes et al., 2023). With the
upcoming use of cell free DNA, there is need for future studies
to improve maternal management when foetal status is known
(Hughes et al., 2023).

6 Conclusion

Pre-gestational diagnosis of MODY facilitates personalised
antenatal treatment of women in pregnancy, foetal monitoring in
utero and neonatal care after delivery. HNF4A- andHNF1A-MODY
affected pregnancies require increased surveillance for foetal
macrosomia in utero and neonatal hypoglycaemia soon after
delivery. Numerous studies describe outcomes where women
were managed according to local gestational diabetes guidelines
and there is a paucity of literature comparing management of insulin
and SU in this population. Glycaemic targets are modified in GCK-
MODY affected pregnancies according to foetal genotype. The
emerging evidence base for cell free DNA to determine foetal
genotype in GCK-MODY affected pregnancies may aid clinical

practice and have a broader application to antenatal care of other
MODY subtypes.
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