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Abstract

Background: Maternally inherited diabetes and deafness, and mitochondrial myopathy, encephalopathy, lactic
acidosis, and stroke-like episodes are examples of mitochondrial diseases that are relatively common in the adult
population. Mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes are assumed to be
associated with decreases in arginine and citrulline. Biomarkers, such as growth differentiation factor-15, were
developed to assist in the diagnosis of mitochondrial diseases.

Case presentation: A 55-year-old Japanese man, an insulin user, presented after a loss of consciousness. A
laboratory test showed diabetic ketoacidosis. He and his mother had severe hearing difficulty. Bilateral lesions on
magnetic resonance imaging, the presence of seizure, and an elevated ratio of lactate to pyruvate, altogether
suggested a diagnosis of mitochondrial disease. Mitochondrial DNA in our patient’s peripheral blood was positive
with a 3243A>G mutation, which is the most frequent cause of maternally inherited diabetes and deafness, and
mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes. As a result, maternally inherited
diabetes and deafness/mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes was
diagnosed. We measured growth differentiation factor-15 and multiple amino acids in his blood, longitudinally
during and after the stroke-like episode. Growth differentiation factor-15 was increased to an immeasurably high
level on the day of the stroke-like episode. Although his diabetes improved with an increased dose of insulin, the
growth differentiation factor-15 level gradually increased, suggesting that his mitochondrial insufficiency did not
improve. Multiple amino acid species, including arginine, citrulline, and taurine, showed a decreased level on the
day of the episode and a sharp increase the next day. In contrast, the level of aspartic acid increased to an
extremely high level on the day of the episode, and decreased gradually thereafter.

Conclusions: Growth differentiation factor-15 can be used not only for the diagnosis of mitochondrial disease, but
as an indicator of its acute exacerbation. A stroke-like episode of mitochondrial myopathy, encephalopathy, lactic
acidosis, and stroke-like episodes reflects a drastic derangement of multiple amino acids. The involvement of
aspartic acid in the episodes should be explored in future studies.
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Background
Mitochondrial disease is not a rare cause of diabetes melli-
tus in the adult population. At least 1% of individuals with
diabetes in Japan are affected by maternally inherited dia-
betes and deafness (MIDD) [1, 2], which is a subtype of
mitochondrial disease. Adult mitochondrial diseases may
be disguised as other diseases, and hence are not diag-
nosed as such [3]. Genetic testing is not sensitive [4].
Therefore, biomarkers of mitochondrial disease are devel-
oped. Among the biomarkers, the lactate-to-pyruvate ratio
is most sensitive and specific, next to growth differenti-
ation factor (GDF)-15 [2, 5, 6]. Lactate, however, can be
affected by medications for diabetes. In contrast, the treat-
ment of diabetes does not interfere with GDF-15 [7].
Treatment of mitochondrial disease is emerging as

well [6]. Acute exacerbations of mitochondrial myop-
athy, encephalopathy, lactic acidosis, and stroke-like epi-
sodes (MELAS) were associated with a decrease in
arginine [8–11] and citrulline [12]. Based on these find-
ings, intravenously and orally administered L-arginine
are recommended as the standard treatment for MELAS
[13–15]. It is hypothesized that L-arginine provides the
substrate for nitric oxide synthase, and hence amelio-
rates the vasoconstriction in MELAS [16]. On the other
hand, taurine modification of a mitochondrial transfer
RNA was found to be deficient in MELAS [17]. More-
over, supplementation with taurine was preventive
against stroke-like episodes of MELAS [18].
We describe a patient with MIDD/MELAS to whom

these new modes of diagnosis and treatment (that is,
GDF-15 and L-arginine) were applied. We also obtained
unusual findings from longitudinal measurements of
multiple amino acids during the stroke-like episode of
MELAS and the follow-up period.

Case presentation
A 55-year-old Japanese man with diabetes presented
with a loss of consciousness and bilateral convulsion
(day 0) in 2017. His left upper and lower limbs were par-
alyzed and did not respond to painful stimuli. He was
afebrile (36.8 °C), hypertensive (142/92 mmHg), and
tachycardiac (108/minute). Diabetic ketoacidosis (DKA)
was diagnosed, based on an acidosis (pH 6.95) and only
moderately elevated blood glucose (486 mg/dL or 27
mmol/L). With the standard treatment for DKA (that is,
fluid resuscitation, continuous infusion of insulin, and
supplementation of potassium), he recovered conscious-
ness 12 hours after the onset of illness. Left-sided hemi-
paresis diminished by day 1. We considered cerebral
infarction as the most likely differential diagnosis, and
conducted a magnetic resonance imaging (MRI) study.
Fluid-attenuated inversion recovery (FLAIR) showed bi-
lateral lesions (that is, right temporal lobe, right parietal
lobe, and left temporal lobe), which were not consistent

with vascular territory (Fig. 1a, b). The most affected le-
sion moved from the right temporal lobe (day 0) to the
right parietal lobe by day 9 (Fig. 1c, d). These bilateral,
more or less migratory, findings in FLAIR were compat-
ible with mitochondrial disease, rather than with cere-
bral infarction [19–21]. Hyperglycemic encephalopathy,
another differential diagnosis, was also unlikely consider-
ing his only moderately elevated blood glucose level.
The lactate-to-pyruvate ratio (reference value, < 15) was
repeatedly greater than 20. It had been reported that
convulsion was rare in DKA, but was frequently associ-
ated with metabolic encephalopathy, especially of mito-
chondrial disease [22, 23]. Collectively, the imaging
study, laboratory data, and clinical picture pointed to
MELAS as the most likely diagnosis.
Our patient worked for an electronics store, and did not

report a previous exposure to any toxic substance. He did
not smoke tobacco or consume alcohol. He was thin
(body mass index, 16, with 43 kg and 165 cm). His post-
prandial C-peptide-to-glucose ratio was low at repeated
measurements (mean, 0.21 × 10− 2 ng/mg or 1.26 × 10− 2

nmol/mmol), indicating that his diabetes was due to im-
paired secretion of insulin [24, 25]. He had developed
marginal diabetes mellitus in 2004, at 40 years of age, with
glycated hemoglobin (HbA1c) of 6.6%. The next year, in
2005, he experienced his first episode of DKA, when his
HbA1c was 12.6%. He had been treated with glargine (18
units/day), lispro (8 units/day), and glimepiride (0.5mg/
day), until the episode reported here. He noticed hearing
difficulty at the age of 49 years, and began to wear a hear-
ing aid at 50 years of age. Remarkably, his mother, a dia-
betic, lost her hearing at approximately the same age. This
family history strongly suggested MIDD.
A genetic test of his peripheral blood was conducted

at a commercial institution (SRL, Tokyo). This test
showed that mitochondrial DNA was positive for the
mutation of 3243A>G, which is the most frequent eti-
ology for both MIDD and MELAS [26–29]. MIDD and
MELAS are frequently overlapped in adults [30]. As a re-
sult, a diagnosis of MIDD overlapped with MELAS was
entertained [23]. Our patient was discharged on day 22,
when his diabetes was managed with glimepiride (0.5
mg/day), linagliptin (5 mg/day), glargine (18 units/day),
and lispro (8 units/day). He was also prescribed to take
aspirin (100 mg/day) and rosuvastatin (10 mg/day).
After the discharge, we conducted a laboratory test (in-

cluding HbA1c) once a month, and adjusted the dose of
insulins. We ceased glimepiride on day 76, after which his
HbA1c worsened (Fig. 2a). However, as we increased the
dose of insulin, HbA1c improved, particularly after day 253.
From day 253, we started treatment targeted at mitochon-
drial disease, with L-arginine (12 g/day), as well as the
cocktail therapy for mitochondrial disease, which included
L-carnitine (750mg/day), Ubidecarenone (coenzyme Q10)
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(30mg/day), fursultiamine (75mg/day), and ascorbic acid
(3 g/day) [31, 32]. It may appear that this treatment for
mitochondrial disease improved our patient’s HbA1c.
His brain lesions almost disappeared by day 302 (Fig.

1e, f). To date, he is leading an apparently healthy life,
without developing another stroke-like episode or ad-
verse events.
To estimate the severity of his mitochondrial disease,

GDF-15 in the sequentially collected sera was measured
at Kurume University. GDF-15 was elevated to an im-
measurably high level on day 0 (Fig. 2b), especially be-
tween 8 and 20 hours after the onset of the stroke-like
episode (data not shown). Moreover, lactate-to-pyruvate
ratio (Fig. 2c) and GDF-15 worsened even after his
HbA1c improved.

Since mitochondrial disease has been reported to dis-
turb amino acid metabolism [10, 12], we measured
amino acids in the sera (BML, Tokyo, Japan). The la-
boratory protocol was designed for plasma samples.
However, we used serum samples because, to the best of
our knowledge, no commercial institutions measured
amino acids in serum samples. Many species of amino
acids, including arginine, citrulline, and taurine, exhib-
ited a decreased level on day 0, but surged on day 1
(Fig. 3, other amino acids are presented in Add-
itional file 1: Figure S1). We measured the amino acids
at 10 time points on day 0 to confirm that this finding
was not due to an erroneous value obtained from a sin-
gle sampling (data not shown). The decreases in arginine
and citrulline in MELAS are consistent with a previous

Day 0 Day 9 Day 302
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Fig. 1 Magnetic resonance imaging of the brain. Fluid-attenuated inversion recovery (FLAIR) showed lesions in the right parietal lobe (pointed by the
arrow A), right temporal lobe (arrow B), and left temporal lobe (arrow C) on day 0 (a, b). The lesion on the right parietal lobe (arrow A) intensified on
day 9 (c, d). All of these lesions diminished by day 302 (e, f)
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report [12]. Remarkably, aspartic acid exhibited an ex-
tremely high value on day 0 (Fig. 3d). The derangement
in the amino acid seemed to have continued after the
hospital discharge.

Discussion and conclusions
We identified an adult case of MIDD that overlapped
with MELAS. Our patient had a stroke-like episode pos-
sibly triggered by DKA (or vice versa). To the best of
our knowledge, this is the first report in which the longi-
tudinal effects of L-arginine therapy on GDF-15 and
multiple amino acids are presented.
During the 1-year period after this episode, his clinical

symptoms, severity of diabetes, as well as MRI findings,
generally improved. However, the insufficiency of mito-
chondrial function, as measured by GDF-15 and the
lactate-to-pyruvate ratio, apparently worsened. This indi-
cates the necessity to monitor these values continuously
for a long period in a patient with mitochondrial disease,
even while the symptoms appear to be improving.
Mitochondrial disease is recognized as an increasingly

important etiology of diabetes mellitus in the adult popu-
lation. Mitochondrial disease can cause life-threatening
DKA [33] and recurrent stroke-like episodes. The intra-
venous administration of L-arginine is an effective treat-
ment for stroke-like episodes of MELAS [8, 9], whereas
orally administered L-arginine is preventive against
stroke-like episodes [34]. In addition, numerous drugs are
contraindicated in patients with mitochondrial disease
[13, 15, 32, 35]. Therefore, identifying a patient with mito-
chondrial disease at the earliest stage is of paramount im-
portance. However, genetic testing can provide an
ambiguous diagnosis, due to the “heteroplasmy” of mito-
chondrial disease [6]. A negative test obtained from
peripheral blood may not ensure that the vital organs

are unaffected. Muscle fibers, skin, and urine sediment
may represent the disease in the vital organs with a greater
accuracy than peripheral blood [36]. However, to the best
of our knowledge, all the commercial tests available in
Japan use only the peripheral blood or muscle fiber, the
latter of which requires an invasive procedure. Therefore,
biomarkers are more useful for screening mitochondrial
disease. In our patient, GDF-15 remained at a high level at
any given time, underlining its utility as a biomarker for
mitochondrial dysfunction. In particular, GDF-15 showed
an abrupt increase on the day of the stroke-like episode
(day 0). Therefore, GDF-15 may be useful in differentiat-
ing between a stroke-like episode and a stroke, in a patient
with MIDD/MELAS.
In addition, many species of amino acids exhibited a

sudden increase or decrease on the same day. This find-
ing indicates that a stroke-like episode is a reflection of
an unusual pathological process affecting the metabol-
ism of amino acids. This derangement of amino acids
was not restricted to arginine, citrulline, and taurine, but
involved numerous amino acids, as was suggested previ-
ously [12]. Of note, the aspartic acid level increased dra-
matically within 8 hours after the stroke-like episode.
Aspartic acid, as well as glutamate and glycine (Fig. 3e,
f), remained elevated for several months after this epi-
sode. Since these three amino acids are neurotransmit-
ters, these amino acids, particularly aspartic acid, may be
involved in the pathogenesis of a stroke-like episode.
In the present case, L-arginine and the cocktail therapy

for mitochondrial disease seemed to have improved the
diabetes mellitus. However, this may be incidental, be-
cause we increased the dose of insulin when these ther-
apies were initiated. Large-scale studies are warranted to
explore the effect of L-arginine and the cocktail therapy
on diabetes mellitus.

(c) Lactate to Pyruvate ratio

Days

pg
/m

L

(b) GDF-15

DaysDays

(a) HbA1c (%)

Fig. 2 Severity of diabetes mellitus and mitochondrial disease. The severity of diabetes mellitus was represented with glycated hemoglobin (a).
The severity of the mitochondrial disease was assessed with growth differentiation factor-15 (b) and lactate-to-pyruvate ratio (c). The values are
plotted along the days that elapsed from the onset of the stroke-like episode. The reference value for growth differentiation factor-15 is below
707 pg/mL and that for lactate-to-pyruvate ratio is below 15. HbA1c glycated hemoglobin, GDF-15 growth differentiation factor-15
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Fig. 3 Amino acid species were measured over a year since the stroke-like episode. The measurements (nmol/mL) are presented over the days
that elapsed after the stroke-like episode (day 0), for arginine (a), citrulline (b), taurine (c), aspartic acid (d), glutamic acid (e), and glycine (f).
Aspartic acid (d) is presented with a log scale, because it exhibited an extremely high value on day 0. Amino acids were measured in serum
samples, using a laboratory protocol designed for plasma samples. Therefore, no reference value is applicable. Arg arginine, Asp aspartic acid, Cit
citrulline, Glu glutamic acid, Gly glycine, Tau taurine
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Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13256-019-2255-9.

Additional file 1: Figure S1. The measured values (nmol/mL) are
presented over the days that elapsed after the stroke-like episode (day 0),
for the amino acid species that were not presented in Fig. 3.
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