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Abstract.
Background: The m.3243A>G variant is the commonest mitochondrial (mt) DNA pathogenic variant and a frequent cause
of mitochondrial disease. Individuals present with a variety of clinical manifestations from diabetes to neurological events
resembling strokes. Due to this, patients are commonly cared for by a multidisciplinary team.
Objectives: This project aimed to identify patients with confirmed mt.3243A>G-related mitochondrial disease attending
the Muscle Clinic at Queen Elizabeth University Hospital in Glasgow. We explored potential correlates between clinical
phenotypes and mtDNA heteroplasmy levels, HbA1c levels, body mass index, and specific clinical manifestations. We
investigated if there were discrepancies between non-neurological speciality labelling in clinical records and individuals’
phenotypes.
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Methods: Data were gathered from the West of Scotland electronic records. Phenotypes were ascertained by a clinician with
expertise in mitochondrial disorders. Statistical analyses were applied to study relationships between tissue heteroplasmy,
HbA1c and clinical phenotypes including body mass index (BMI).
Results: Forty-six individuals were identified from 31 unrelated pedigrees. Maternally inherited diabetes and deafness was
the prominent syndromic phenotype (48%). A significant association was found between overall number of symptoms and
bowel dysmotility (p < 0.01). HbA1c was investigated as a predictor of severity with potential association seen. Although
used widely as a prognosticator, neither corrected blood nor urine mtDNA heteroplasmy levels were associated with increased
number of symptoms. In 74.1% of records, syndromic phenotypes were incorrectly used by non-neurological specialities.
Conclusions: This m.3243 A > G patient cohort present with marked clinical heterogeneity. Urine and blood heteroplasmy
levels are not reliable predictors of disease severity. HbA1c may be a novel predictor of disease severity with further research
required to investigate this association. We infer that prognosis may be worse in patients with low BMIs and in those with
bowel dysmotility. These results underscore a multidisciplinary approach and highlight a problem with inaccurate use of the
existing nomenclature.

Keywords: Epidemiology, mitochondrial conditions, mitochondrial DNA, m.3243A>G, multidisciplinary team

INTRODUCTION

Mitochondrial diseases are the commonest cause
of inherited neurological disorders affecting up to
1 in 4,300 individuals in the UK [1]. Pathogenic
variants in mitochondrial DNA (mtDNA) result in
impaired ATP synthesis. Previous population-based
studies have suggested that the m.3243A>G vari-
ant is the most common mtDNA point mutation that
results in impaired translation of mt-tRNA leucine
gene (MTTL1) [2, 3] and has a carrier rate of 1 in
400 individuals [4, 5]. Previous studies have shown
disease incidences range from 3.5 to 16.3 per 100,000
in the adult population [1, 5, 6].

The variant is pathognomonic with multiple syn-
dromes including Mitochondrial Encephalopathy
with Lactic Acidosis and Stroke-Like Episodes
(MELAS), Maternally Inherited Diabetes and Deaf-
ness (MIDD), Myoclonic Epilepsy with Ragged Red
Fibres (MERRF), Progressive External Ophthalmo-
plegia (PEO) and Neuropathy, Ataxia and Retinitis
Pigmentosa (NARP) as specific phenotypes. How-
ever, studies have shown significant heterogeneity
in the presentation of cohorts with the m.3243A>G
variant [7–15]. MELAS patients were the least repre-
sented and presentations that did not neatly fit these
syndromes were common [7, 11, 14].

The presence of the variant can affect multiple sys-
tems. Stroke Like Episodes (SLEs), characterised by
headache, nausea, vomiting and encephalopathy, are
not confined to specific vascular territories on brain
imaging [16]. Sensorineural hearing loss (SNHL)
rates range from 1 in 1000 at birth to 71–77% in
adulthood [3, 17]. The cardiac muscle and its elec-
trical conduction pathways are affected in 25% of
individuals with m.3423A>G variant [18]. Gastric

dysmotility has been reported, with symptoms rang-
ing from abdominal pain, constipation and abdominal
distension to intestinal pseudo-obstruction (IPO) [3,
19, 20] with the latter associated with a high mortal-
ity [19]. Other clinical problems may arise including
headaches, ataxia, myopathy, progressive external
ophthalmoplegia (PEO), cognitive impairment and
short stature [3, 4, 7, 21, 22]. Due to the multisystem
nature of these disorders, individuals are likely to be
cared for by different medical specialities that may
negatively impact timely recognition and instigation
of supportive therapies.

The m.3243A>G variant can be tested for in var-
ious tissues. Heteroplasmy levels can be checked in
DNA extracted from various tissues including blood,
early morning urine samples, buccal swabs or spu-
tum samples and muscle [3, 4, 7]. There is conflicting
evidence on the use of urine heteroplasmy levels to
predict severity and whether it correlates with clinical
symptoms. Studies both support its use [23–26] and
refute it due to its unpredictability [27–30]. Grady and
co-authors [26] used corrected blood heteroplasmy,
which significantly correlated with muscle hetero-
plasmy levels in their cohort. Uncorrected blood
heteroplasmy levels are of limited value to predict
disease severity [2, 28] while muscle heteroplasmy
load correlates better with disease severity [2].

Other predictors of disease severity and specific
disease outcomes have been investigated. Specif-
ically, the onset of SLEs has been seen to be
significantly associated with BMI, blood hetero-
plasmy levels, SNHL and serum lactate levels [13].
The onset of diabetes has been linked to both het-
eroplasmy levels and disease severity. Studies have
shown urinary heteroplasmy levels to correlate with
HbA1c [10] and age of onset of diabetes [29], with
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diabetes considered an independent predictor of death
[30].

AIMS

In this paper, we sought to identify individuals
with the m.3243A>G variant, who attended the adult
muscle specialist clinic in the Queen Elizabeth Uni-
versity Hospital (QEUH) in Glasgow over a five-year
interval. We explored phenotypes within pedigrees
and across the cohort. We studied the associations
between symptom severity and morbidity and sev-
eral measurable factors including tissue heteroplasmy
levels, BMI, HbA1c and specific manifestations
including bowel dysmotility. Finally, we hypothe-
sised that the label ‘MELAS’ may be loosely and
incorrectly applied in non-neurological specialties,
and we explored the frequency of its over-reporting.

MATERIALS AND METHODS

Data collection

The cohort was identified from the muscle clinic
in QEUH, which is a regional service catering for
individuals in the West of Scotland, who are under the
care of a single neurologist (MEF). Individuals were
selected if they had confirmed m.3423A>G variant
present in urine, blood or muscle-derived mtDNA and
were attending the muscle clinic during the period of
July 2017 to July 2022.

The data were gathered from the West of Scot-
land electronic records, and included correspondence
detailing clinic attendance, hospital admissions and
investigation reports. The tissue heteroplasmy lev-
els used for the purpose of this analysis were
initial levels taken at point of diagnoses. Blood
heteroplasmy levels were corrected using the for-
mula detailed by Grady and co-authors [26]. The
phenotype was ascertained by a clinician with an
expertise in mitochondrial disorders and was com-
pared to the phenotype specified in the most recent
clinical letter by a non-neurological clinician. The
BMI was based on the most recent weight taken in
whatever context they had seen any clinician. The
most recent HbA1c level was used for each indi-
vidual and diabetic treatment was identified through
clinical letters and current regular medical prescrip-
tions. Cardiac manifestations (CM) were identified
by analysing the most recent echocardiography and
ECG reports. Fatigue was recorded from the individ-

ual’s reported perceived fatigue. Bowel dysmotility
(BD) was recorded when the individual reported rele-
vant symptoms (severe constipation, abdominal pain,
nausea, altered bowel habit, bloating and recurrent
vomiting) and their clinician thought they were sug-
gestive of a motility disorder.

A phenotype of MELAS and MIDD was specified
by the neurologist caring for each individual prior to
the study. MELAS was specified due to their clinical
presentation alone, which included super-refractory
seizures, encephalopathy, and typical changes on
their brain MR imaging as discussed by Ng et al.
[13]. Individuals with laboratory-reported lactic aci-
dosis alone were not consequently defined as having
MELAS. MIDD was specified if they had diabetes
and SNHL only. If individuals presented with symp-
toms of MELAS and MIDD they were given the
description of “MELAS/MIDD”. The description of
“Atypical” was used when the individual presented
with features not fitting either of these syndromes.

Statistical analysis

Statistical analysis was carried out in RStudio
using R version 4.0.2 [31]. Means and standard
deviations were calculated for continuous variables.
SNHL, diabetes, seizures, ataxia, fatigue, myopathy,
bowel dysmotility symptoms, a phenotype compat-
ible with MELAS and left ventricular hypertrophy
and/or left ventricular systolic dysfunction were
included in the category “number of symptoms”,
whilst seizures, headaches, encephalopathy, and
ataxia were included in the category “number of neu-
rological symptoms”. General linear models (GLMs)
were used to investigate if the number of symp-
toms and neurological symptoms was associated with
blood and urinary heteroplasmy load, BMI and bowel
dysmotility. GLMs were also used to investigate if
HbA1c level or BMI was a predictor of the num-
ber of symptoms, number of neurological symptoms,
MELAS phenotype, urinary mtDNA heteroplasmy
load and corrected blood mtDNA heteroplasmy lev-
els. Where appropriate, age and sex were included in
the models to control for the effects of these demo-
graphic variables on BMI. Binomial models (using
the lme4 package) were used to investigate asso-
ciations between the likelihood of having MELAS
symptoms (binary - Yes or No) and blood and uri-
nary heteroplasmy load, BMI and bowel dysmotility.
P-values were used to determine if there were any
significant associations, with a p-value threshold of
0.05 used to signify significance.
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RESULTS

Phenotypes

Forty-six individuals were identified (19 male, 27
female) from 31 unrelated pedigrees (Table 1). The
majority (21; 46%) belonged to Greater Glasgow &
Clyde Health Board; 14 (30%) patients resided in
Lanarkshire Health Board, 7 (15%) in Ayrshire and
Arran Health Board, 3 (7%) in Forth Valley Health
Board and 1 (2%) in Lothian Health Board. Individual
ages ranged from 24 to 78 (median age 48) years.
The majority (48%) had a phenotype consistent with
MIDD.

28 individuals (61%) were under the management
or surveillance of endocrinology with 19 (67.9%)
being insulin dependent, 6 (21%) managed with oral
medications and 3 (11%) diet controlled. 4 of those
that were managed with oral medications (67%) were
managed with Metformin with or without a second
agent. BMI was available for 43 individuals (94%),
the median BMI was 24.63 kg/m2 (range 15.2 – 39.9;
standard deviation [SD] = 4.62).

All individuals were investigated with 2D-
echocardiography. 30 (65%) individuals had a normal
study. 7 (15%) had a component of left ventricular
systolic dysfunction (LVSD) (3 had 41-49% ejection
fraction (EF); 2 had 30-39% EF and 2 had EF<30%),
5 (10.9%) had left ventricular hypertrophy (LVH)
in isolation and 4 (8.6%) had only valve disease. 6
(85.7%) of the individuals with LVSD were medically
managed. None had cardiac arrhythmia or required
pacemaker or implantable cardioverter defibrillator
devices.

Urinary heteroplasmy levels were checked in 40
(87%). Heteroplasmy levels in blood-derived DNA
were available in 33 (72%). Heteroplasmy load in
muscle tissue was investigated in 5 individuals from
different, unrelated pedigrees. No analysis was car-
ried out for this subcohort due to its small size.

Predictors of disease severity

Number of symptoms was not associated with uri-
nary heteroplasmy load (Fig. 1a), corrected blood
heteroplasmy load (Fig. 1b), BMI (Fig. 1c), or
HbA1c (Fig. 1d), (p > 0.05 in all cases). Number
of symptoms, however, was associated with bowel
dysmotility, and individuals with bowel dysmotility
having an average of 1.62 ± 0.59 [SE] more symp-
toms than those without (Fig. 1e; F(1,44) = 7.572,
p < 0.01, R2 = 0.13). The number of neurological
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Fig. 1. The association between disease severity (measured by the number of symptoms) with A) urinary heteroplasmy load (n = 40), B)
corrected blood heteroplasmy load (n = 33), C) BMI (n = 43), D) HbA1c (n = 45), and E) bowel dysmotility (n = 46). Shaded areas
represent 95% confidence intervals.

symptoms, the probability of developing a MELAS
phenotype, and an individual’s BMI, were not related
to any of the variables investigated in this study
(p > 0.05 in all cases). HbA1c was significantly
associated with corrected blood heteroplasmy load
(Fig. 2a; HbA1c = 0.21 * BMI+35.62; F(1,30) = 4.675,
p < 0.05, R2 = 0.11), but not urinary heteroplasmy
load (Fig. 2b; p > 0.05).

Applying the correct phenotype label

We studied the syndromic label that was given
to each individual in correspondence from non-
neurological specialties caring for the patients. A
phenotype was specified for 27 (58%) individuals
by specialities other than their consultant neurolo-
gist. The phenotype of MELAS was applied in 24
(89%), MIDD in 4 (15%); 20 out of 27 (74%) indi-
viduals were mislabelled. Only 6 out of the 24 (25%)
individuals that were given a MELAS label truly had
manifestations that fitted the criteria of MELAS. 3 out
of 4 (75%) of the individuals were accurately given
a MIDD diagnosis.

Deceased individuals

During the period of analysis, 7 of the individ-
uals had died (Table 2). The median age at time
of death was 53 years (range 31 – 66 years). All
individuals were women; 3 of the individuals man-
ifested with a classical MIDD phenotype, 3 with
MELAS phenotype including 2 with MELAS/MIDD
overlap syndrome and 1 individual without a clas-
sical phenotype. A death certificate was available
in 3 individuals however the individual’s last ill-
ness prior to death was identified in 6 of the 7
individuals.

The details of the cause of death for individu-
als 1, 2, 4 and 6 were obtained from their clinical
records since they were not detailed in their death
certificate. Individual 1 died in the community; the
cause of her death was not established and a post-
mortem did not take place. Individual 2, was found
to have developed progressive multifocal leukoen-
cephalopathy. She was confirmed after investigations
in the Neurology Unit to harbour the John Cunning-
ham virus and subsequently discharged home with
palliative care input. She died in the community but



184 C. Saunders et al. / West of Scotland Mitochondrial Study

Fig. 2. The association between HbA1c with A) corrected blood heteroplasmy load (n = 32), and B) urinary heteroplasmy load (n = 39).
Shaded areas represesnt 95% confidence intervals.

Table 2
The individuals who died during the data collection period, their age at death, phenotype, tissue heteroplasmy levels and cause of death. (*)

corrected heteroplasmy levels. (–) indicates data was unavailable

Individual Age at Death Pedigree Phenotype Heteroplasmy (%) Cause on Death Certificate
Urine Blood*

1 42 7 MELAS/MIDD 65 – No death certificate available
2 53 1 MIDD – 100 No death certificate available
3 62 1 Atypical – 30 1a mixed overdose,

2 NSCLC, COPD
4 31 2 MELAS 57 57 1a MELAS syndrome
5 66 8 MIDD – 54 1a Myocardial Infarction, 1b

Biventricular Disease,
2 T2DM and mitochondrial
myopathy

6 55 12 MELAS/MIDD – 97 1a Left Ventricular
Thrombus, 1b right renal cell
carcinoma,
2 MELAS Syndrome,
coronary heart disease,
T2DM

7 49 14 MIDD 80 31 1a Multiple organ failure, 1b
community acquired
pneumonia,
2 MELAS

unfortunately no death certificate was available. Indi-
vidual 4, presented with acute stroke-like episodes
then developed pseudo-obstruction and renal fail-
ure. Her death certificate details that she died from
MELAS syndrome but does not detail what complica-
tions occurred. Individual 6 was deteriorating slowly
due to her mitochondrial condition, with heart fail-
ure and significant cognitive decline and had renal
cancer. The haematologists had been monitoring her

closely because of a leucocytosis and thrombocytosis
which was not felt to be due to a myeloproliferative
disorder.

Pedigrees

The two largest pedigrees, pedigree A and B, con-
sisted of five and six members, respectively (Fig. 3a
and 3b respectively). Two members were deceased in
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Fig. 3. Pedigrees A (Fig. 3a) and B (Fig. 3b) indicating affected individuals, phenotype, age and urine and corrected blood heteroplasmy
levels at time of data collection.

pedigree A and one member deceased in pedigree B
at the time of analysis.

Pedigree A

The phenotype of each member in pedigree A
(Fig. 3a, Supplement Table 1) varied considerably,
with members having low symptom burden and
one individual with MIDD who then progressed to
a MELAS phenotype. Urinary heteroplasmy levels
were only available for individual III/1 (58%). Cor-
rected blood heteroplasmy levels were available for
all individuals (mean 82%; range 30 – 100%; SD
29.5). Two individuals (II/2 and II/3) were deceased
at the time of the study. The mother to individu-
als II/1, II/2 and II/3 (individual I/1) was deceased

prior to the study period and was not included in the
results.

Pedigree B

The phenotype of each member of the second pedi-
gree also demonstrated considerable heterogeneity
(See Fig. 3b and Supplementary material Table 2).
The only clinical manifestation for Individual II/5
was SNHL while their two siblings (II/3 and II/4)
presented with typical phenotype of MELAS. Uri-
nary and blood heteroplasmy levels were available
for all but one individual (I/1). Mean urinary het-
eroplasmy load was 62% (range 20 – 88; SD = 25.1)
and blood heteroplasmy load was 47% (range 24–
87; SD = 25.8). Individual II/1 and II/2 in this pedi-
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gree also had a muscle biopsy and had a muscle
heteroplasmy level of 67% and 87%, respectively.
Individual II/3 was deceased at the time of the study
(represented as individual 4 in Supplementary mate-
rial Table 2).

DISCUSSION

This is the first study that aimed to identify and
characterise the m.3243A>G population in Scotland,
specifically in the West of Scotland. Although the
majority had MIDD, a wide range of manifesta-
tions were observed including bowel dysmotility,
neurological manifestations and fatigue, with a wide
spectrum of severity ranging from mild to endstage.
This was observed in other studies [6, 7, 32, 33].
We did not find a statistical significance between
heteroplasmy levels and the number of general or
neurological symptoms. Also, corrected blood het-
eroplasmy levels were not significantly associated
with disease severity. This may be explained by the
small size of the cohort, however, we were surprised
not to detect even small trends within pedigrees.

The intra-variability of urinary heteroplasmy lev-
els is hypothesised to be compounded by the variation
in epithelial cells within urinary samples and under-
scores the importance of sample timing (first and
early morning sample) with concurrent renal function
analysis [27]. Current guidance recommends urine
heteroplasmy levels as the first line investigation [34].
However, the authors would suggest that these guide-
lines are amended to also include age-corrected blood
heteroplasmy levels as a more reliable measure for
routine clinical assessment. The two largest pedigrees
in this study lend evidence to phenotype diversity
and the limitations of heteroplasmy levels in predict-
ing an individual’s clinical course. One individual
(who resides within the Lothian Health Board) is
asymptomatic and in fact a marathon runner. It was
recommended by the Mitochondrial Specialist Centre
in Newcastle that this individual was actively fol-
lowed up in Glasgow due to having high urinary and
blood heteroplasmy levels of 91 and 78 % respec-
tively with a muscle heteroplasmy level of 63%.

Previous studies have reported that the
m.3243A>G variant causes diabetes mellitus
[35, 36] and that urinary and blood heteroplasmy
levels may be associated with HbA1c levels [10],
age of diabetes onset [29] and a potential predictor
of mortality [29]. HbA1c was not significantly
associated with an increased number of overall

symptoms but was associated with corrected blood
heteroplasmy levels. Nonetheless, a definite trend
was apparent between Hb1Ac and disease severity,
with the lack of association driven by one patient
(who had diabetes alone with high Hb1Ac levels).
When this individual was eliminated from the
analysis, Hb1Ac was significantly associated with
disease severity (F(1,42) = 4.004, p < 0.05, R2 = 0.07).
Further research is required to fully assess the
potential association between HbA1c and clinical
manifestations and what the implications of a
significant diabetic burden implies in those with
the MIDD phenotype. We observed a trend with an
inverse relationship between BMI and clinical man-
ifestations, (Fig. 1c). Previous studies linked BMI
and appendicular skeletal mass index with worse
disease outcomes including higher prevalence of
seizures, encephalopathy and SLEs [37]. Individuals
with symptoms of bowel dysmotility significantly
displayed more symptoms within other systems
(Fig. 1e). This is supported by other studies, which
reported bowel dysmotility as contributing towards
morbidity and mortality [38]. We hypothesise
that reduced production of ATP in mitochondrial
cytopathies is compounded by lower BMI and bowel
dysmotility..

Our results demonstrate that m.3243A>G individ-
uals are regularly mislabelled by non-neurological
specialities with inappropriate use of “MELAS” also
noted in death certificates. Although this is recog-
nised, it has not been reported in the literature.
Individual 4 (in Supplementary material, Table 2)
only had MELAS as the cause of death. Although this
individual did fit this phenotype, this is not an appro-
priate entry for the primary cause of death. Applying
phenotypic labels to describe an individual’s clin-
ical manifestation may result in over-reporting of
MELAS phenotypes as well as ignoring other man-
ifestations of their condition. We recommend that
the term MELAS is avoided; instead the presence of
the variant should be used along with a description
of the individual’s phenotypic symptoms. This con-
cept should also be applied more widely in genomic
research, where acronyms should be avoided and
detailed phenotypic descriptions are commended.

We also explored the ICD coding system in rela-
tion to mitochondrial disorders [39]. The coding
system does not allow classification depending on
the specific mitochondrial variant so searching for
“m.3243 A > G” returns no results. When searching
under “MELAS” this would fall under the subcat-
egory of “Other specified” under the category of
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“Mitochondrial myopathies (8C73)”. This illustrates
the difficulty with the current clinical coding systems
and highlights the requirement for simplification. In
the case of mitochondrial disorders, there is scope for
having a classification based on the specific variant.

There are some limitations to this study. The size
of cohort is small and limited to those who were being
followed up in the muscle clinic in Glasgow, which
would have influenced our results. Moreover, this is a
retrospective study, with data collection being limited
to correspondence from each individual’s electronic
medical records with no standardisation. The appli-
cation of the Newcastle Mitochondrial Adult Disease
Score [40] would have returned more data that would
have further assessed disease burden. The measure-
ment of Fibroblast Growth Factor 21 and Growth
and Differentiation Factor 15 have both been used as
novel biomarkers of mitochondrial diseases [41–43].
Levels were unfortunately not tested in our cohort
but would have allowed further analysis of potential
predictors of severity.

In conclusion, the West of Scotland cohort with
the m.3243 A > G variant present with heteroge-
neous phenotypes, underscoring the importance of
the multidisciplinary team in the surveillance of these
patients. From our clinical observations, we inferred
that prognosis may be worse in those individuals who
have low BMIs, higher HbA1c and in those who expe-
rience gastrointestinal symptoms. Further research is
required to confirm the relationship between BMI,
malabsorption, diabetic control, and clinical mani-
festations.
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