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Abstract

Mitochondrial diabetes is a refractory type of diabetes mellitus where 
pancreas beta-cell function attenuates. Glucagon-like peptide-1 re-
ceptor agonists (GLP-1RAs) has been reported for pleiotropic effects 
in addition to effect to glucose tolerance. In animal models, GLP-
1RAs were reported to recover mitochondrial function of pancreas 
beta-cells and increase the growth rate of nerve cells. Our two cases 
appear to be the first reported cases in the literature of mitochondrial 
diabetes where GLP-1RAs improved insulin secretion and neuropa-
thy.
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Introduction

Mitochondrial loss of function caused by abnormalities in 
the mitochondrial DNA (mtDNA) can lead to impairments 
in nerve and muscle function, but also in pancreatic beta-cell 
function. The former is referred to as MELAS (mitochondrial 
myopathy, encephalopathy, lactic acidosis, stroke-like epi-
sodes), and the latter as mitochondrial diabetes [1, 2]. It has 
been reported that 2% of cases of diabetes mellitus in Japan are 
due to mtDNA mutations, making it the most common genetic 

etiology of diabetes mellitus [3]. The neuropathy associated 
with mitochondrial diabetes tends to be more severe than when 
it occurs as a single diabetic complication, because it develops 
alongside MELAS.

Insulin therapy is usually prescribed for patients with 
mitochondrial diabetes [4]. However, glucagon-like pep-
tide-1 receptor agonists (GLP-1Ras) have been reported to 
improve pancreatic beta-cell function [5] and neuropathy 
[6]. Therefore, we investigated the feasibility of using GLP-
1RAs for the treatment of mitochondrial diabetes with neu-
ropathy.

Case Reports

Case 1

Case 1 was a 36-year-old woman who had been originally 
hospitalized due to a high blood glucose level (458 mg/dL) 
at a regular health check when she was 27 years old. Because 
her mother had been diagnosed with MELAS and she was ex-
periencing slight sensorineural hearing loss, she underwent a 
genetic evaluation. She was diagnosed with mitochondrial dia-
betes on the basis of a mitochondrial 3243A>G mutation. Her 
blood glucose control was poor, with frequent hypoglycemic 
events, and she was hospitalized to improve this. Her clinical 
and laboratory data on admission are shown in Table 1. Her 
hemoglobin A1c (HbA1c) was 8.1% despite taking daily 42 
units of insulin. Her glucometabolic data showed attenuated 
insulin secretion and a high lactate/pyruvate ratio, indicative 
of predominant anaerobic metabolism. She also demonstrated 
paresthesia in both legs such as reduced vibration sensation 
examined by a C128 tuning fork (right 8 s, left 9 s (normal >10 
s)) and numbness. Her clinical and laboratory data are shown 
in Table 1. After admission, liraglutide was administered and 
her insulin dose was appropriately adjusted at this time and 
after discharge. One year later, her HbA1c decreased to 7.4%, 
daily insulin dose was 15 units, and C-peptide index (CPI: fast-
ing C-peptide/fasting plasma glucose × 100) increased to 1.27, 
implying improved insulin secretion. The vibration sensation 
of both legs improved to 13 s and numbness in both lower 
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limbs had disappeared (Table 2).

Case 2

Case 2 was a 44-year-old woman who had been diagnosed with 
abnormal glucose tolerance when 20 years old. Although de-
tailed information was not available, she had been diagnosed 
with type 1 diabetes mellitus and neurological disorders were 
identified at around 30 years of age. Insulin therapy had been 
commenced, but her blood glucose was unstable. When she 
first attended our clinic hearing loss was diagnosed and genet-
ic screening was conducted, which identified a mitochondrial 
3243A>G mutation, leading to a diagnosis of mitochondrial 

diabetes. Her HbA1c was high (8.8%, despite taking daily 41 
units of insulin) and she was hospitalized to improve her blood 
glucose control. Her clinical and laboratory data on admission 
are shown in Table 1. Her glucometabolic data indicated se-
verely attenuated insulin secretion, and the high lactate/pyru-
vate ratio of 37.8 was indicative of predominant anaerobic me-
tabolism. She also demonstrated paresthesia in both legs such 
as reduced vibration sensation also demonstrated low vibration 
sensation in both legs examined by a C128 tuning fork (right 
4 s, left 6 s), numbness, and pain in both lower legs and feet. 
After admission, liraglutide was administered and her insulin 
dose was adjusted, which was continued after discharge. One 
year later her HbA1c decreased to 8.2% and C-peptide index 
(CPI) increased to 0.48 alongside reduction of daily insulin 

Table 1.  Clinical Characteristics of the Patients

Patient 1 Patient 2
Gender Female Female
Age (years) 36 44
Duration of diabetes mellitus (years) 9 24
BMI (kg/m2) 25.9 15.9
Fasting plasma glucose (mg/dL) 119 163
HbA1c (%) 8.1 8.8
Serum C-peptide (ng/dL) 0.91 0.39
CPI 1.08 0.24
Urinary C-peptide (µg/day) 26.0 13.5
Diabetic complication Only neuropathy Only neuropathy
Systolic blood pressure (mm Hg) 163 98
Diastolic blood pressure (mm Hg) 98 60
LDL-cholesterol (mg/dL) 110 105
HDL-cholesterol (mg/dL) 37 51
Triglyceride (mg/dL) 129 62
AST (U/L) 16 14
ALT (U/L) 10 10
γ-GTP (U/L) 26 20
eGFR (mL/min/1.73m2) 105.7 92.5
Na (mmol/L) 137 139
K (mmol/L) 3.7 3.6
Cl (mmol/L) 110 109
Lactate (mg/dL) 18 31
Pyruvate (mg/dL) 0.89 0.82
Lactate/pyruvate 20.2 37.8
Diabetic treatment Insulin Insulin
Daily insulin dose (unit) 42 41
Vibration sensation of legs (s: right/left) 8/9 4/6
Symptom of neuropathy Numbness Numbness and pain
Familial history of mitochondrial disorder MELAS (mother) Not revealed

CPI: fasting C-peptide/fasting blood glucose × 100; eGFR: estimated glomerular filtration rate.
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dose (from 41 to 14 units), implying improved insulin secre-
tion. The vibration sensation in both legs improved to 8 s, the 
numbness in both lower limbs disappeared, and her pain im-
proved markedly (Table 2).

Two participants provided written informed consent about 
publication of this case report, which was approved by the Eth-
ics Review Committee of Fukuoka University (Japan).

Discussion

Abnormalities in mtDNA can lead to mitochondrial loss of 
function and thus impairments in muscle and nerve function. 
MELAS, first reported by Pavlakis et al [1], is the most com-
monly reported disease-causing mtDNA abnormality, involv-
ing a 3243A>G mutation in the tRNALeu (UUR) (mitochon-
drially encoded tRNA leucine 1) gene [7]. However, the same 
mutation has been found in individuals with maternally inher-
ited type 2 diabetes mellitus and sensorineural deafness [2], 
which are currently diagnosed as having mitochondrial diabe-
tes. mtDNA abnormalities tend to cause disease because of the 
abundance of mtDNA: there is an average of several hundred 
mitochondria per cell, with 2 - 10 mtDNA copies each, mak-
ing several thousand mtDNA copies per cell. A pathogenic 
mtDNA mutation that coexists with normal mtDNA is referred 
to as heteroplasmy, and the resultant variability in the symp-
toms is thought to depend on the ratio of normal: abnormal 
sequences. Mutant and wild-type mtDNA is found in different 
ratios in different organs and even within different cells of the 
same organ. Thus, when the nerves and muscles are mainly af-
fected, MELAS develops, whereas when pancreatic beta-cells 
are affected, mitochondrial diabetes develops [8].

Recent researches into the extra-pancreatic functions of 
incretins have shown possible beneficial effects on diabetic mi-
croangiopathy [9]. Moreover, GLP-1RAs have been reported 
to ameliorate pancreatic beta-cell loss by reducing apoptosis 
in animal models, in addition to their effect to increase insu-
lin secretion [5]. The two patients with mitochondrial diabe-
tes reported here showed improved insulin secretion after the 
administration of GLP-1RAs, implying a beneficial effect of 
GLP-1RAs on their pancreatic beta-cell function. In addition, 
GLP-1RAs have been reported to ameliorate the loss of nerve 
cells [10] and to improve neuropathy [6] in animal models. 
The results obtained with our patients indicate the possibility 
that GLP-1RAs may alleviate neuropathies in humans, even 
in patients with mitochondrial diabetes as a part of MELAS.

In conclusion, we report here two patients with mitochon-
drial diabetes in whom GLP-1RA therapy improved pancre-
atic beta-cell function and ameliorated neuropathy. Additional 
studies will be necessary to further evaluate the use of GLP-
1RAs as a novel therapeutic approach for mitochondrial dia-
betes.
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Table 2.  Glycemic Parameters and Symptoms Before and 1 Year After Commencing Liraglutide Therapy

Before commencing liraglutide One year after commencing liraglutide
Patient 1
  Fasting plasma glucose (mg/dL) 119 114
  HbA1c (%) 8.1 7.4
  CPI 1.08 1.27
  Daily insulin dose (unit) 42 15
  Daily liraglutide dose (mg) 0 0.9
  Vibration sensation of legs (s: right/left) 8/9 13/13
  Symptom of neuropathy Numbness None
Patient 2
  Fasting plasma glucose (mg/dL) 163 111
  HbA1c (%) 8.8 8.2
  CPI 0.24 0.49
  Daily insulin dose (unit) 41 14
  Daily liraglutide dose (mg) 0 0.9
  Vibration sensation of legs (s: right/left) 4/6 8/8
  Symptom of neuropathy Numbness and pain Slight pain

CPI: fasting C-peptide/fasting blood glucose × 100.
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