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Mitochondrial mutation commonly associated
with Leber's hereditary optic neuropathy
observed in a patient with Wolfram syndrome
(DIDMOAD)

D Pilz, 0 W J Quarrell, E W Jones

Abstract
DIDMOAD is usually considered an
autosomal recessive condition, with wide
phenotypic variation, but the possibility
of mitochondrial mutations occurring in
this condition has been considered. A 19
year old man presented with long stand-
ing diabetes mellitus, optic atrophy, and
grand mal seizures. Further investiga-
tions showed unilateral sensorineural
hearing loss and the most common mito-
chondrial DNA mutation associated with
Leber's hereditary optic neuropathy,
which was inherited from his mother.
This suggests the DIDMOAD phenotype
is a mitochondrial disorder in some cases
and is likely to have a heterogeneous
aetiology.
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Wolfram and Wagner' reported the com-

bination of diabetes mellitus and optic atrophy
in 1938. Subsequently, deafness and diabetes
insipidus were noted to be frequently associ-
ated with the above,2 and the condition is
known as Wolfram syndrome or by the
acronym DIDMOAD syndrome (diabetes
insipidus, diabetes mellitus, optic atrophy, and
deafness). However, the acronym may be
misleading, as some patients have additional
problems, including dilatation of the urinary
tract,2 3hypogonadism,2 3 retinal pigmen-
tation,2 epilepsy,4 ataxia,4 and sideroblastic an-

aemia.5
DIDMOAD syndrome is usually con-

sidered an autosomal recessive disorder6
(McKusick number 222300). Parental consan-

guinity has been noted and males and females
have been described in equal numbers. How-
ever, there is an unusual phenotypic variabi-
lity, even among sibs. This, together with the
occurrence of features commonly seen in mito-
chondrial disorders, led Bundey et aFl to
suggest that DIDMOAD syndrome may be a

mitochondrial disorder. They reported a

patient with this condition, who had both
morphological and biochemical abnormalities
of his mitochondria; however no abnormalities
of the mitochondrial DNA were detected.
We now report a patient with the DID-

MOAD phenotype, who had a mitochondrial
mutation commonly seen in Leber's hereditary
optic neuropathy (LHON).

Case report
Our proband was a 19 year old man, who
presented with a combination of diabetes mel-
litus, optic atrophy, and grand mal epilepsy.
He is the son of non-consanguineous parents
and has a healthy older brother. The extended
family history is unremarkable.
At the age of 2 years he developed insulin

dependent diabetes mellitus. His visual acuity
was recorded as 6/9 in both eyes at the age of 9
years. Apart from his diabetes mellitus he
remained generally well until the age of 14
years when he developed tonic-clonic seizures,
which now occur mainly at night and are
controlled with sodium valproate. Electroen-
cephalograms performed in 1989 and 1991
showed excessive background slow activity,
but no frank epileptic discharges.

Six months after developing the seizures he
complained of blurred vision in both eyes. He
was under regular follow up by an ophthalmo-
logist and was known to have mild myopia. His
vision deteriorated over the next few months,
but apart from a markedly reduced visual
acuity (from 6/12 to counting fingers on the
right side and 6/5 to 6/60 on the left side within
a year), other investigations, including a fluor-
escein angiogram and a cranial CT scan, were
reported as normal. His symptoms persisted
and a repeat CT scan was again normal, but
visual evoked responses were absent in both
eyes.
When re-examined four years after the onset

of his visual disturbance, he was noted to have
bilateral optic atrophy and large central scoto-
mas. He is now registered as blind. A further
cranial CT scan and an MRI scan were nor-
mal.
At this stage he was referred to the Genetic

Department for consideration of the diagnosis
of LHON. In view of the above history a
diagnosis of DIDMOAD syndrome was also
considered and an audiogram indicated unila-
teral sensorineural hearing loss in the high
frequency range. He also had a water depriva-
tion test which was normal. His islet cell
antibodies were negative and HLA typing
showed only one antigen commonly found in
autoimmune diabetes mellitus, DR3. Retro-
spectively his fluorescein angiogram, which
focused on diabetic retinopathy at the time,
suggests the presence of some tortuous peripa-
pillary vessels, which are an early and transient
sign in LHON.
DNA analysis using amplification of the

relevant part of mitochondrial DNA from

328

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.31.4.328 on 1 A
pril 1994. D

ow
nloaded from

 

http://jmg.bmj.com/


Mitochondrial mutation commonly associated with Leber's hereditary optic neuropathy observed in a patient with Wolfram syndrome

Incidence of symptoms in DIDMOAD syndrome and our patient

Cremers et a!2 (88 cases) Dreyer et aP9 (98 cases)

Present (%) Not specified (%) Present (%) Mean age (y) Present patient

Diabetes mellitus 98 - 100 7 (2-20) +
Optic atrophy 98 - 98 11 (4-22) +
Abnormal audiogram 39 41 48 16 (3-32) +
Diabetes insipidus 32 39 35 14 (1-29) -

Abnormal EEG 16 59 Not discussed +
Epilepsy 5

blood and digestion with SfaNI and MaeII8
showed the presence of the mitochondrial
11778 G to A point mutation. This was also
present in his mother.

Discussion
This patient with diabetes mellitus, optic at-
rophy, sensorineural deafness, and epilepsy
has the clinical phenotype ofDIDMOAD syn-
drome and the absence of diabetes insipidus
does not preclude the diagnosis (table). There
are several possible explanations for the occur-
rence of the DIDMOAD phenotype in associ-
ation with a mitochondrial point mutation
commonly seen in LHON.
We think it is unlikely that the phenotype

results solely from the mitochondrial muta-
tion. The 11778 mutation has so far mainly
been reported in families with optic atrophy
alone. Cardiac pre-excitation syndromes'0 and
a multiple sclerosis-like illness in women"
have been reported with this mutation but, in
general, extraocular manifestations are rare.
These were reviewed by Newman et al'2 and
most appear to be fortuitous. It is possible that
this is the case in our patient.

Mitochondrial mutations as a cause for dia-
betes mellitus are being increasingly dis-
cussed. Balinger et all3 pointed out that studies
have shown increased maternal inheritance in
patients with onset of diabetes mellitus at 25
years or older. They report a family showing
maternal transmission of diabetes mellitus and
deafness linked to a 10-4 kb deletion of the mt
DNA in the affected members. Similarly,
Reardon et all4 reported a point mutation of
the mtDNA in a family with diabetes mellitus
and deafness.

Wallace et al'5 have discussed environmental
stresses as a possible explanation for the vari-
able expression of LHON. It is possible that
our patient has autoimmune diabetes, which in
combination with the LHON mutation ac-
counts for the extended phenotype. The optic
neuropathy seen in this patient was typical of
LHON. The absence of islet cell antibodies 17
years after diagnosis and the presence of the
HLA DR3 antigen does not allow us to dia-
gnose or exclude autoimmune diabetes melli-
tus. In their review, Newman et al'2 reported a
family with multiple affected members; onset
of visual problems was in their 30s, with the
exception of a 9 year old girl whose early visual
loss was associated with undiagnosed diabetes
mellitus.

Finally, it is possible that the phenotype
results from the combination of the 11778
mutation with an, as yet, undetected mutation
elsewhere on the mitchondrial genome, or with

a mutation of the nuclear genome in homo- or
heterozygous form. With regard to the former,
we are aware of a patient described as having
the features of DIDMOAD in whom a 7-6 kb
deletion of the mitochondrial genome was
found.'6'7 The features seen in that patient
included diabetes mellitus, optic atrophy,
retinitis pigmentosa, sensorineural deafness,
and cerebellar ataxia, and also external oph-
thalmoplegia, extrapyramidal symptoms,
mental retardation, and brittle hair, which are
not normally associated with DIDMOAD but
are well recognised in mitochondrial encepha-
lomyopathy, which may be a better diagnostic
label. The hypothesis of the combination of a
mitochondrial mutation with a nuclear muta-
tion has been postulated in some conditions.
Jaber et all' discussed the possible com-
bination of an autosomal recessive mutation
with a mitochondrial mutation in a large pedi-
gree with sensorineural deafness. The inherit-
ance ofLHON is also subject to controversy in
view of the excess of affected males, which
cannot be explained by the mitochondrial mu-
tation alone. This has led some authors'920 to
consider the possibility that LHON results
from the combination of a mitochondrial mu-
tation and an X linked visual loss susceptibility
gene. The evidence for this remains inconclus-

21 22lye.
In conclusion, we suggest that mitochon-

drial mutations are sought in patients with the
DIDMOAD phenotype and think that the
aetiology ofDIDMOAD should be considered
as heterogeneous.

Since submission of this manuscript, Bu and
Rotter23 have suggested that DIDMOAD may
result from mutations in either the mitochon-
drial genome or nuclear genome and that, in
the latter case, the nuclear defect interferes
with mitochondrial function. Their hypothesis
supports the conclusions of this case report.
We wish to thank Mr S Govan and Mr M Brockington in
Professor A Harding's laboratory for performing the DNA
analysis; Professor Harding, Dr S Bundey, and Dr R Trenbath
for their helpful comments; Mr I Strachan for referring the
patient; and Mrs V Thompson for typing the manuscript.
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