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extremely rare in comparison. 
A number of other gene mutations

have been sequenced, associated with
an increased risk of developing diabetes.
One such example is a form of maturity
onset diabetes of the young associated
with mutations in hepatocyte nuclear
factor; these mutations are associated
with, in some cases, a greater than 95%
chance of developing diabetes.4 MIDD
has a similarly high penetrance, with
more than 85% of carriers developing
diabetes during their lifetime.2

MIDD is caused by mutations in
mitochondrial DNA (mtDNA) and
follows a maternal pattern of inheritance.
During fertilisation paternal mitochondria
are not retained within the oocyte and
hence all mitochondrial genetic material
is gained from the mother.5 This means
that affected women can pass the
condition on to daughters and sons. 
All their daughters and sons will inherit
the mutation but due to phenotypic
variance some will have both diabetes
and deafness, some will only have
deafness, some will only have diabetes
and others may have no problems at all.6
Affected men cannot pass the condition
on to any of their offspring. 

Diagnosis is often challenging with cases,
including our case, initially assumed to
have type 1 diabetes. Cases are often
misdiagnosed as type 1 or type 2
diabetes mellitus depending on age and
presentation, with around 8% of patients
presenting with diabetic ketoacidosis.2 

Average age at diagnosis of MIDD is
around 37 years, however it ranges from
11 to 68 years in reported cases.6

Patients presenting with a type 2
diabetes picture can initially be treated
with lifestyle modification with or
without medication. However, metformin
is contraindicated because of the risk 
of lactic acidosis, a risk perpetuated by
the patient’s known mitochondrial
dysfunction.5,7 

Irrespective of this, evidence suggests
that the majority of patients with MIDD
will be insulin dependent within two
years of diagnosis.6

The pathophysiology resulting in 
the mitochondrial mutation leading to
diabetes seems to be multifactorial. 
The main cause appears to reside in the
pancreatic beta cells’ gradual inability 
to detect glucose and subsequently
secrete insulin. Hepatic glucose
production may also become
dysregulated by the A3243G mutation,
leading to hyperglycaemia from
gluconeogenesis.8,9

There is evidence to suggest that
increased insulin resistance does not
play a major role in the development of
hyperglycaemia, this may explain why
many of the patients become insulin
dependent in a relatively short space 
of time.10

DEAFNESS
Bilateral sensorineural hearing loss
occurs in most cases.1,11 A prospective
European study reported deafness in
90% of their MIDD patients.12 A recent

Chinese study reported hearing loss in
85% of MIDD cases.13 The hearing loss
originates from the cochlea as opposed
to the cranial nerve. Diagnosis is by
audiography. 

The hearing loss typically develops in
early adulthood and often precedes the
onset of diabetes.2,11 Patients tend to
follow one of two courses: either rapid
initial hearing loss or slow decline over
years. Men are more often affected with
the former and frequently have more
severe symptoms. 

Higher frequencies are often initially
affected, with severe hearing loss in all
frequencies later in life.2,14 Management
involves insertion of hearing aids. 

Avoidance of exacerbating factors,
such as aminoglycoside antibiotics is
crucial.2 It has long been recognised that
aminoglycoside antibiotics can cause
ototoxicity with the development of
sensorineural deafness. Recent evidence
has shown that the tendency to develop
this complication is related to mutations
in mitochondrial DNA. Thus patients
with mitochondrial disease are
particularly at risk.15

OTHER COMPLICATIONS 
Cardiac
Perhaps the most concerning feature of
MIDD is the association with premature
cardiac death. Rapidly progressive heart
failure over a year has been described in
young adults with MIDD. 

Left ventricular hypertrophy is seen
four times more commonly in those 
with MIDD. 

Cardiac autonomic neuropathy is also
more common compared with other
types of diabetes, i.e. cardiomyopathy or
arrhythmias.13

Early monitoring (at the age of 30)
with baseline ECG and echocardiography
with annual follow-up in high-risk
individuals is advised.2,6

Renal
There is a high prevalence of end-stage
renal failure in patients with MIDD. 
The most common feature is not
diabetic nephropathy but focal
segmental glomerular sclerosis. 
This commonly presents as proteinuria
in young adults and is more common 

‘MIDD has a high
penetrance, with
more than 85% of
carriers developing
diabetes during
their lifetime’

‘The majority of
patients with MIDD
will be insulin
dependent within 
2 years of diagnosis’

‘The hearing loss
typically develops
in early adulthood
and often precedes
onset of diabetes’

Box 1 

Translocation of the A3243G gene associated with maternally inherited
diabetes and deafness (MIDD)

Mitochondria differ from other organelles in that they carry their own circular DNA.2
Mutations in mitochondrial DNA (mtDNA) affect cells that are most metabolically
active, such as: the pancreas, cochlea, and in other cases, the retina, muscle fibres,
kidneys and brain.2 These mutations can result in a number of conditions including:
diabetes, deafness, macular pattern dystrophy and renal failure.1 

One such mutation, associated with a translocation of the A3243G gene, first
described in 19923 is more commonly known as maternally inherited diabetes and
deafness (MIDD). 


