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Abstract

Purpose Diabetes mellitus (DM) is a common manifestation of mitochondrial disease, typically associated with the 

mitochondrial DNA (mtDNA) variant m.3243A>G. We investigated the clinical features, treatment, and epidemiology of 

mitochondrial DM in the region of Southwest Finland.

Methods Electronic medical records at Turku University Hospital were searched for patients assigned ICD-10 codes 

E13.0–E13.9 during 2000–2022. Among 1004 screened individuals, nine patients with genetically confirmed mitochondrial 
diabetes were identified. Eight additional genetically confirmed patients were included from an ongoing mitochondrial 
disease research project, resulting in a cohort of 17 patients. The clinical characteristics and DM treatment of the patients 

were obtained from medical records.

Results We identified 17 patients with mitochondrial DM. Mean age at diagnosis of DM was 35 years (range 11 to 60 years). 
Most patients with mitochondrial DM had hearing impairment (14/17). Insulin treatment was typically initiated 3.5 years 

after the diagnosis of DM. Only six (35%) patients had HbA1c below 7.0% (53 mmol/mol). The prevalence of mitochondrial 

DM in the region of Southwest Finland in the end of 2022 was 2.7/100,000 and annual incidence during the study period 

0.14/100,000.

Conclusions The onset of non-autoimmune diabetes in young adult age, particularly when associated with hearing 

impairment, suggests possible mitochondrial DM. Recognition of mitochondrial diabetes is essential for optimal management 

and complication prevention.
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Introduction

Mitochondria are organelles found in all eukaryotic cells, 

whose main function is the aerobic production of adenosine 

triphosphate (ATP) for the energy needs of cells by 

oxidative phosphorylation [1]. Mitochondrial diseases are a 

group of genetic diseases in which the mitochondrial energy 

production is impaired [2]. The most common deleterious 

mtDNA variant is m.3243A>G in the mtDNA leucine 

tRNA gene [3]. The associated mitochondrial disease 

typically manifests in metabolically highly active organs, 

such as the endocrine pancreas and inner ear, as well as 

the retina, muscles, kidneys and brain [4, 5]. Well known 

phenotypes associated with the m.3243A>G variant include 

maternally inherited diabetes and deafness (MIDD) and 

the mitochondrial encephalomyopathy, lactic acidosis and 

stroke-like episodes (MELAS) syndrome [6].

http://crossmark.crossref.org/dialog/?doi=10.1007/s40200-026-01964-x&domain=pdf&date_stamp=2026-6-4
https://doi.org/10.1007/s40200-026-01964-x
mailto:mika.martikainen@oulu.fi
http://orcid.org/0000-0002-7604-8081
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The situation in which diabetes mellitus (DM) is a 

manifestation of mitochondrial disease is called mitochon-

drial DM. The most common cause of mitochondrial DM 

is m.3243A>G [7, 8]. In mitochondrial DM, the glucose 

metabolism disorder is caused by both impaired insulin 

secretion by pancreatic beta cells and insulin resistance 

in muscles [4, 9]. Approximately 1% of DM is estimated 

to be related to mitochondrial disease [4, 10]. Also, in the 

Southwest Finland region, approximately 1% of young 

adult-onset DM is related to the m.3243A>G variant [11]. 

The prevalence of mitochondrial disease associated with the 

m.3243A>G variant in the adult population of Southwest 

Finland is approximately 4.2/100,000 [12]. Mitochondrial 

DM is typically diagnosed in young adulthood, on average 

at age of 37 years (range 11–68 years) [4, 10]. Although 

there are previous publications on the prevalence and clini-

cal features of mitochondrial DM, the treatment of mito-

chondrial DM has been studied relatively little. Because of 

features such as high prevalence of diabetic kidney disease 

[13] and recommendation to avoid metformin [14], iden-

tification of DM as caused by mitochondrial disease has 
important implications for clinical care. Correct diagnosis 

also enables the detection of other manifestations poten-

tially related to mitochondrial disease such as hearing loss, 

heart disease, and stroke-like episodes [5]. This study aimed 

to assess the prevalence, clinical characteristics, and treat-

ment of mitochondrial diabetes in the region of Southwest 

Finland.

Methods

Study design and setting

This retrospective observational register-based study was 

conducted at Turku University Hospital (TUH, Turku, Fin-

land) in the region of Southwest Finland. Since the diagnos-

tics and treatment of genetic DM in all Southwest Finland 

are concentrated in TUH, the data on diagnosed and treated 

patients in TUH describe well the situation for the entire 

region.

Patient identification

In early 2023, we searched the TUH electronic patient 

records to identify those individuals who had received at least 

one of the ICD-10 diagnosis codes E13.0-E13.9 during the 

years 2000–2022. ICD-10 codes E13.0–E13.9 correspond 

to ‘other specified diabetes mellitus’ and its subcategories. 
We then scrutinised the individual patient data entries in 

TUH electronic medical record system of these individu-

als to identify those who had been genetically confirmed to 

have any form of monogenic DM or mitochondrial DM. In 

addition to the patients identified in this database search, 
mitochondrial DM patients previously identified in an on-
going clinical and epidemiological research project on mito-

chondrial disease at TUH were also included.

Genetic confirmation and definition of 
mitochondrial diabetes

The confirmed diagnosis of mitochondrial disease was 
here defined as a clinical phenotype compatible with mito-

chondrial disease together with a confirmed pathogenic 
mtDNA variant detected in the patient sample (either in 

white blood cell or muscle derived mtDNA). Mitochondrial 

DM was defined as a DM diagnosed in a patient with clini-
cally manifest mitochondrial disease and with genetic evi-

dence of a confirmed pathogenic mtDNA variant. Data on 
mtDNA heteroplasmy levels were mostly not available. In 

all patients, the diagnosis was confirmed by genetic testing, 
either by Sanger sequencing of the mtDNA or by next gen-

eration sequencing (NGS) panels that included mtDNA. In 

most cases, white blood cell mtDNA was used for analysis. 

Genetic testing was performed either as in-house genetic 

service at TUH, or externally via several genetic diagnostic 

services.

Data collection

From all identified patients with mitochondrial DM, rel-
evant clinical details were collected from the TUH elec-

tronic medical records. These included age, gender, weight, 

height, time of DM diagnosis, time when DM was diag-

nosed as mitochondrial, DM medication, blood pressure 

medication, cholesterol medication, age at which insulin 

was started, daily insulin doses, use of a glucose sensor, 

use of an insulin pump, recent laboratory values (latest 

values within one year from data collection) incl. HbA1c, 

C-peptide, GAD-antibody, urine albumin to creatine ratio, 

glomerular filtration rate, most recent information on blood 
pressure level, possible hearing loss and age when hearing 

aids were used, micro- and macrovascular complications 

of DM, as well as the main clinical features of the mito-

chondrial disease based on clinical notes. BMI values are 

closest available measurements relative to diagnostic stage. 

Retinopathy classification was based on ophthalmologi-
cal assessment or diabetes physician assessment of retinal 

fundus photographs. Neuropathy was recorded if a clinical 

diagnosis of neuropathy or diabetic neuropathy was docu-

mented in the medical records. Nephropathy was defined as 
a urine albumin-to-creatinine ratio greater than 3 mg/mmol 

in a spot urine sample or an estimated glomerular filtration 
rate (eGFR) less than 60 ml/min/1.73 m². In most patients, 
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renal involvement was based on repeated laboratory find-

ings, reduced eGFR, or an established clinical diagnosis 

documented in the records. However, in some patients, the 

clinical diagnosis of nephropathy had been made in routine 

care on the basis of a single elevated urine albumin-to-cre-

atinine ratio measurement. The C-peptide values reported 

in this study were stimulated measurements, performed 

together with a simultaneous plasma glucose measurement. 

For interpretation, the simultaneous glucose concentration 

was required to be at least 7 mmol/l. The local reference 

range for stimulated C-peptide was 0.70–1.60 nmol/l. The 

most recent C-peptide values were measured in some cases 

at the time of diagnosis and in some cases at a later stage. 

In the available medical records, the diabetes-associated 

autoantibody testing referred to GAD antibodies. Insulin 

autoantibodies were not systematically measured and were 

therefore not included in the analysis. According to the local 

laboratory reference range, GAD antibody values < 5 U/ml 

were considered negative, values 5–9 U/ml borderline, and 

values ≥ 10 U/ml positive.

Incidence and prevalence estimates

The estimates for annual incidence and prevalence of mito-

chondrial DM in Southwest Finland were calculated based 

on the population data for Southwest Finland available from 

Statistics Finland’s website  (   h t  t p s  : / / p  x d  a t a  . s t a  t . fi   / P  x W e  b / p  
x w e b  / e  n / S t a t F i n / S t a t F i n _ _ v a e r a k / s t a t fi  n _ v a e r a k _ p x t _ 1 1 r a 
. p x / t a b l e / t a b l e V i e w L a y o u t 1 /     ) . Southwest Finland is a hos-

pital district in Southwestern Finland with a population of 

485,567 at the end of 2022. The region includes both urban 

and rural municipalities, with Turku as the largest city. TUH 

is the tertiary referral hospital for the region, and diagnos-

tics and specialist care for genetic diabetes are centralized 

there. The 95% confidence intervals for the prevalence rates 
were calculated using the Poisson distribution.

Research permission

This study was part of a larger research project on mito-

chondrial disease for which a research permit of TUH was 

obtained (T04/016/16).

Results

Cohort identification

The ICD-10 diagnosis search identified 1004 patients with 
at least one of the ICD-10 diagnosis codes E13.0-E13.9. 

With detailed analysis of patient data, we found 68 patients 

with mitochondrial DM or some monogenic DM; 9 (13%) 

of these had mitochondrial DM. In addition, we included 

eight previously identified patients with mitochondrial DM 
for whom other ICD-10 codes for DM were used (Fig. 1). 

All these individuals were also diagnosed during the period 

of 2000–2022. Finnish population is still comparatively 

homogenous, despite increasing immigration in the past 

three decades. In the end of year 2022, 10% of the inhab-

itants of the region of Southwest Finland were of foreign 

background, the same proportion as in the whole country 

(Statistics Finland:  h t t  p s : /  / p x  d a t  a . s  t a t  . fi  /  P x  W e b  / p x w  e b /  e 
n /  S t a t F i n / S t a t F i n _ _ v a e r a k / s t a t fi  n _ v a e r a k _ p x t _ 1 1 r t . p x /     ) . 
All patients reported in this study were of White European 

(Finnish) ethnicity.

Cohort characteristics

In total, N = 17 (8 women, 9 men) patients with mitochon-

drial DM were thus included (Table 1). Three pairs of 

patients were related: one mother and son, and two pairs 

of siblings. Four of the patients had died before the study. 

Among the four deceased individuals, three had died from 

complications of stroke-like episodes; in one, the cause of 

death could not be determined based on hospital records. 

Sixteen (94%) had the m.3243A>G variant. One patient 

had DM caused by the rarer m.3260A>G gene variant. 

DM was diagnosed at an average age of 35 years (range 

11 to 60 years). The median delay from the diagnosis of 

DM to the identification of its mitochondrial aetiology 
was five years (range 2 months–20 years). One patient 
had been diagnosed with mitochondrial disease before the 

onset of DM. T1D-associated autoantibodies were tested 

in 11 out of 17 patients (65%). Of these, 9 tested negative, 

while 2 showed marginally elevated levels (patient 3: 11 

IU/mL; patient 15: 52 IU/mL). None of the patients whose 

weight was known was overweight (mean body mass 

index was 21.9 kg/m2). Fourteen patients (14/17, 82%) 

also had hearing impairment. Among them, twelve had 

been diagnosed with the hearing impairment prior to their 

diabetes diagnosis. In one case, diabetes was diagnosed 

before the onset of hearing loss, although the specific 
mitochondrial etiology was not yet identified. Conversely, 
one patient received a diagnosis of mitochondrial disease 

before developing hearing impairment, as their clinical 

diabetes manifested later. Ten patients (59%) used a hear-

ing aid, and the hearing aid was introduced at an average 

age of 38 years.

 

Treatment of diabetes

Insulin was used for the treatment of DM in 14 patients 

(82%). Glucose sensor use was reported in 11 (65%), while 

https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__vaerak/statfin_vaerak_pxt_11ra.px/table/tableViewLayout1/
https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__vaerak/statfin_vaerak_pxt_11ra.px/table/tableViewLayout1/
https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__vaerak/statfin_vaerak_pxt_11ra.px/table/tableViewLayout1/
https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__vaerak/statfin_vaerak_pxt_11rt.px/
https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__vaerak/statfin_vaerak_pxt_11rt.px/


1 3

154 Page 4 of 10 Journal of Diabetes & Metabolic Disorders (2026) 25:154

none used an insulin pump. Among the oral medications, 

four patients used a gliptin, three patients used a SGLT2 

inhibitor in addition to insulin, and one patient used metfor-

min. The mean of the most recent HbA1c values (measured 

within the last year from the time of the study) was 7.4% (57 

mmol/mol) (standard deviation 12 mmol/mol). The details 

of insulin treatment and other DM medications used are pre-

sented in Table 2. 

Fig. 1 Flowchart of the identifica-

tion of patients with mitochon-

drial DM

 



1 3

Page 5 of 10 154Journal of Diabetes & Metabolic Disorders (2026) 25:154

Table 1 Diagnostics and clinical features of patients with mitochondrial DM

Patient Age (y) Sex DM-dg 

age (y)

Mito-

DM dg 

age (y)

Cause of genetic testing Insulin 

treatment

HbA1c (% 

(mmol/ 

mol))

C-peptide 

(nmol/l)

Hear-

ing 

loss

Hearing 

aid, age 

(y)

BMI

P1 64 F 45 60 Symptoms Yes 7.5 (58) N/A Yes 44 22.9

P2 65 F 48 53 Symptoms Yes 7.1 (54) N/A No – 26.9

P3 33 F 24 24 Symptoms and family 

history

Yes 7.1 (54) 2.4 Yes – 23.4

P4 26 M 22 22 Symptoms Yes 7.4 (57) 0.46 Yes 23 20.8

P5 59 † M 30 50 Symptoms Yes 7.7 (61) N/A Yes 43 18.4

P6 57 F 52 54 Symptoms Yes 6.9 (52) 3.5 Yes 50 21.4

P7 54 M 34 50 Symptoms and family 

history

No 7.2 (55) 2.1 Yes – 23.7

P8a 77 F 60 72 Symptoms and family 

history

No 6.5 (47) N/A Yes 57 15.4

P9a 46 M 35 41 Symptoms Yes 8.1 (65) 1.4 Yes 29 24.0

P10 30 M 26 26 Symptoms No 5.5 (37) N/A Yes 11 22.3

P11b 27 M 25 26 Symptoms Yes 6.0 (42) 0.66 Yes – 23.6

P12b 30 M 27 27 Family history Yes 6.0 (42) 0.81 No – 24.7

P13c 27 † F 20 10 Symptoms Yes 6.7 (50) 0.78 Yes – 19.6

P14 68 F 44 51 Symptoms Yes 10 (86) 0.30 Yes 40 20.8

P15c 24 M 11 11 Family history Yes 8.7 (72) N/A No – 18.4

P16 66 † F 49 61 Symptoms Yes 8.4 (68) 0.69 Yes 39 21.7

P17 63 † M 40 55 Symptoms Yes 8.0 (64) 0.31 Yes 49 25.0

DM-dg diagnosis of diabetes, M male, Mito-DMdg diagnosis of mitochondrial diabetes, F female, N/A data not available, Y years, BMI values 

are closest available BMI relative to diagnostic stage, HbA1c values are those determined within one year of the study. Related individuals are 

indicated with matching superscript letters. amother and son; bsiblings; csiblings.

Patient Current medication 

for DM

Insulin 

dosage 

(IU/kg)

Delay from 

DM-dg to 

insulin treat-

ment (y)

All DM medications* Glu-

cose 

sensor 

in use

P1 Insulin, 

dapagliflozin
0.69 14 Metformin, vildagliptin, dapa-

gliflozin, insulin
Yes

P2 Insulin, dapa-

gliflozin, linagliptin
0.31 8 Sitagliptin, linagliptin, dapagliflozin, 

insulin

No

P3 Insulin 0.46 6 Linagliptin, insulin Yes

P4 Insulin 0.47 0 Insulin Yes

P5 Insulin 0.98 0 Insulin Yes

P6 Insulin, 

dapagliflozin
0.23 3 Metformin, dapagliflozin, insulin Yes

P7 – – – Metformin, glimepiride, sita-

gliptin, linagliptin, empagliflozin, 
dapagliflozin

Yes

P8 – – – Metformin No

P9 Insulin, linagliptin 0.67 0 Metformin, sitagliptin, linagliptin, 

dapagliflozin, empagliflozin, insulin
Yes

P10 – – – – No

P11 Insulin 0.53 0 Insulin Yes

P12 Insulin, sitagliptin 0.56 0 Insulin, sitagliptin No

P13 Insulin 1.3 0 Insulin Yes

P14 Insulin 0.38 4 Metformin, rosiglitazone, 

glimepiride, insulin

Yes

P15 Insulin 0.84 0 Insulin Yes

P16 Insulin, metformin, 

sitagliptin

0.40 9 Metformin, glimepiride, glitazone, 

sitagliptin, insulin

No

P17 Insulin 0.35 5 Insulin No

DM diabetes mellitus

Table 2 Treatment of mitochon-

drial DM in the studied patients
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Cardiovascular risk factors and complications

Nine (53%) patients used a statin at some point, and seven 

of them (78%) had a history of some statin-attributed muscle 

symptoms. In these patients, statin treatment had either been 

modified or discontinued due to adverse effects. Microvascu-

lar complications of DM included nephropathy in six patients 

(35%). The blood pressure and cholesterol medications as well 

as the diagnosed DM complications are presented in Table 3.

 

Mitochondrial disease manifestations

Eight patients (47%) had a diagnosis of mitochondrial 

myopathy. Cardiomyopathy was diagnosed in six patients 

(35%). Four patients (24%) had a diagnosis of epilepsy or 

had a history of epileptic seizures. Coronary artery disease 

was diagnosed in three patients (18%); three patients had a 

history of stroke-like episodes (18%).

Clinical characteristics by autoantibody status

No clear differences in diabetes treatment, cardiovascular risk 
factors, or mitochondrial disease manifestations were apparent 

between the two patients with marginally positive autoantibod-

ies and antibody-negative patients. However, because autoanti-

body testing was incomplete and only two patients had low-titre 

positivity, no formal comparison was performed.

Prevalence and incidence estimates

Based on the number of patients with mitochondrial DM 

alive and residing in Southwest Finland on the prevalence 

date, the prevalence of monogenic DM in the region of 

Southwest Finland in the end of 2022 was 15/100,000 (95% 

confidence interval 8.4–24) and the prevalence of mitochon-

drial DM was 2.7/100,000 (95% confidence interval 0.6–7.2). 
In the years 2000–2022, a total of 17 patients were identi-

fied in the cohort; however, one patient had been diagnosed 
with mitochondrial diabetes before the incidence period and 

was therefore excluded from the incident case count. Conse-

quently, a total of 16 new cases of mitochondrial DM were 

diagnosed during 2000–2022, which corresponds to an aver-

age of 0.7 new cases per year giving an annual incidence was 

0.14/ 100,000 (95% confidence interval 0.03–3.7).

Discussion

In this retrospective, observational single-centre study on 

mitochondrial DM in Southwestern Finland, we looked in 

detail at the clinical features and treatment of this condition, 
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as well as the prevalence and incidence of mitochondrial DM 

in this region.

The age at diagnosis of DM varied considerably (11–60 

years), but on average, DM was usually diagnosed at a rel-

atively young age (35 years) among these patients, which 

is in line with previous studies [10]. The diagnostic delay 

from the diagnosis of DM to the identification of its mito-

chondrial aetiology was on average five years, whereas a 
longer diagnostic delay of ten years has been reported pre-

viously [15]. None of the patients in this study were over-

weight at the time of DM diagnosis. According to previous 

studies, a normal or low BMI is indeed typical of patients 

with mitochondrial DM, while those with regular type 2 

DM are often overweight [14]. Normal BMI does not dis-

tinguish mitochondrial diabetes from type 1 diabetes, but 

the combination of low/normal BMI, negative or low-titre 

autoantibodies, preserved C-peptide, maternal inheritance, 

and sensorineural hearing loss should raise suspicion of 

mitochondrial diabetes.

In the present study, T1D -associated autoantibodies 

were not systematically tested, as the initial diagnosis was 

typically T2D. Of the 11 patients tested for GAD antibodies, 

nine were negative, while two had marginally elevated lev-

els (11 and 52 IU/mL). These low-titre results may represent 

nonspecific or borderline positivity, coincidental autoim-

munity, or rarely overlapping autoimmune diabetes. Sero-

negative type 1 diabetes remains a differential diagnosis in 
lean young patients, but in the present cohort the presence 

of pathogenic mtDNA variants and extra-pancreatic mito-

chondrial manifestations supported mitochondrial diabetes. 

Previous studies have reported GAD antibodies to be rare 

among patients with the m.3243A>G variant [16–18].

A large proportion of the patients in our study (82%) 

were diagnosed with hearing loss, which is consistent with 

previous literature reporting sensorineural hearing loss 

being common manifestation of the same underlying mito-

chondrial disorder and is therefore an important diagnostic 

clue in patients with suspected mitochondrial diabetes [7, 

10, 18]. As the onset of hearing loss in insidious, the pre-

cise time of onset is not always easy to determine. Previous 

studies suggest that in mitochondrial disease related to the 

m.3243A>G variant, both sensorineural hearing loss and 

diabetes have their onset in adult age. The mean age of onset 

of diabetes has been reported to be 38 years in two studies 

on patients with m.3243A>G and the age of onset of hearing 

loss to be 41 years [19]. The average age at which patients 

started using a hearing aid (38 years, range 11–57 years) is 

also in line with previous studies [20].

Renal failure is often associated with mitochondrial DM 

[4]; this was also the case in 35% of patients in this data set. 

Renal involvement in mitochondrial disease may also occur 

independently of diabetes. Thus, albuminuria or reduced 

eGFR in patients with mitochondrial diabetes may reflect 
mitochondrial nephropathy, diabetic kidney disease, hyper-

tension-related kidney disease, or overlapping mechanisms. 

This distinction is clinically meaningful but is challenging 

to establish retrospectively.

Treatment of mitochondrial DM should be individualized 

according to glycaemic severity, residual beta-cell function, 

renal function, comorbidities, and the overall mitochondrial 

disease phenotype. Insulin is often the primary treatment 

if there is insulin deficiency [21]. Lifestyle modifications 
in addition to oral medications may be sufficient in some 
cases [22]. Metformin is commonly suggested best avoided 

because it inhibits mitochondrial respiratory chain complex 

I and may increase the risk of lactic acidosis, particularly 

in patients with renal impairment or severe mitochondrial 

myopathy. However, anecdotal evidence suggests it may be 

useful and well tolerated in particularly overweight patients 

[23]. Moreover, a recent expert consensus agreed that met-

formin could be safely used in the management of primary 

mitochondrial diseases [24]. Overall, we suggest that the 

potential use of metformin should be based on individu-

alized risk-benefit assessment. SGLT2 inhibitors, GLP-1 
receptor agonists, and DPP-4 inhibitors may offer therapeu-

tic benefits in mitochondrial DM, but data supporting their 
use remain limited. In our data, four patients were using 

a gliptin, and three patients were using a SGLT2 inhibitor 

(dapagliflozin or empagliflozin) in addition to insulin, and 
one was currently using metformin. Treatment decisions 

were based on individualized assessment by experienced 

diabetes physicians and no causal conclusions about treat-

ment efficacy can be drawn from this retrospective cohort. 
To date, there are little published data on SGLT2 inhibitors 

in the treatment of mitochondrial DM. A case series of three 

patients treated with empagliflozin with no reported adverse 
effects has been published [25]. However, no safety concerns 

or adverse effects related to these medications were noted 
in patient records. In our data, seven patients (41%) had 

used metformin at some point, typically before they were 

diagnosed with a mitochondrial disorder. Disease-specific 
treatment guidelines for mitochondrial diabetes have been 

lacking [26]. However, publications provide overviews on 

the treatment of mitochondrial diabetes including metabolic 

control and more novel diabetes medications. In addition, 

a treatment algorithm has recently been proposed [25, 27].

In mitochondrial DM, the treatment goals and diagnos-

tic cutoffs for glucose levels are the same as in other forms 
of DM [25]. In at least one study, patients with mitochon-

drial DM reached or approached the treatment goal (HbA1c 

value below 7.0% o 53 mmol/mol) with oral antidiabetic 

drugs alone, excluding metformin [25]. However, in this 

study, only six (35%) patients had HbA1c below 7.0% (53 

mol/mol).
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Most patients (82%) were using insulin, and the average 

time from diagnosis to starting insulin was 3.5 years. In a 

previous study, insulin treatment was started on average two 

years after diagnosis [4]. In addition to metformin, statins 

have been advised to be avoided in MIDD patients because 

of muscle related side effects [14]. There are few publica-

tions on statin treatment in patients with mitochondrial dis-

ease. Despite concerns of heightened risk of statin induced 

myopathy [28], there are also reports of safe treatment with 

statins in this patient group [29]. In our data, seven out of 

nine statin users experienced some form of statin-associated 

muscle symptoms. With the current available evidence, 

the benefits and risks of using statins must be weighed 
individually.

Available C-peptide values suggested residual endog-

enous insulin secretion in several patients, supporting the 

concept of progressive beta-cell dysfunction rather than 

absolute insulin deficiency at diagnosis. However, C-peptide 
measurements were not available for all patients and were 

not standardized; therefore, no firm conclusions regarding 
treatment choice or metabolic control can be drawn.

Recently, the minimum prevalence of adult mtDNA 

related mitochondrial disease in Southwestern Finland 

was estimated at 9.2/100 000, whilst the prevalence of 

m.3243A>G, the most common pathogenic mtDNA vari-

ant underlying mitochondrial DM, was estimated at 4.2/100 

000 [12]. The estimated prevalence for mitochondrial DM 

reached here (2.7/100 000) shows that DM is a common 

clinical feature of mitochondrial disease. In this study, only 

one of the patients had another pathogenic mtDNA variant, 

the m.3260A>G. This variant is in the same mitochondrial 

tRNA gene, MT-TL1, as the more common m.3243A>G 

variant, and has been associated with multiple mitochon-

drial disease phenotypes including myopathy, cardiomyopa-

thy, and the MELAS syndrome [22, 23].

Potential remaining undiagnosed cases are always a pos-

sibility. However, our recent prevalence estimates of diag-

nosed mitochondrial disease are well in line with figures 
published by internationally recognized expert centres sug-

gesting that considerable underestimation of mitochondrial 

DM is unlikely [12]. All patients with a diagnosis of mito-

chondrial DM received genetic counselling that includes 

pedigree analysis. Several patients included in this study 

had a positive family history of mitochondrial disease 

(Table 1). However, as this work describes clinical diag-

nostics, we were not able to assess the prevalence of DM 

in family members that were not patients at TUH. Studies 

suggest that the m.3243A>G variant arises not infrequently 

de novo [30, 31], so it is likely that the seemingly unrelated 

cases really are such.

As to the weaknesses and strengths of the study, relatively 

small number of patients possibly limits the generalizability 

of the results. As it is fairly typical for retrospective stud-

ies, some data were missing for the subjects. Weight and 

C-peptide values at the time of diagnosis were not available 

for all patients. For the majority of patients, data on possible 

diabetic neuropathy was not available.

Kidney involvement was obtained from routine medi-

cal records rather than assessed according to a predefined 
study protocol. The timing of microvascular complications 

and pre-diabetes proteinuria screening could not be reliably 

assessed from the available retrospective records. Also, the 

differentiation of retinopathy and neuropathy from mito-

chondrial disease-related manifestations was not always 

possible retrospectively. However, because the study was 

conducted in a single centre and comprehensive electronic 

patient data for a long period were available, we could col-

lect and analyse detailed data for the patients. Moreover, 

we were able to give reliable estimates on the prevalence 

and incidence of mitochondrial DM for the area of South-

western Finland. Despite the distinct genetic features of the 

Finnish population in comparison with other Europeans [24, 

25], previous studies suggest that the prevalence of mito-

chondrial disease in Southwest Finland is similar to that 

observed in the UK [12, 26].

There is typically several years’ delay in identifying DM 
as mitochondrial in aetiology. The likely reasons for this are 

the rarity of mitochondrial disease and the somewhat diverse 

clinical presentations. A long diagnostic delay is recognised 

as a common feature in rare diseases [32]. Important clinical 

clues that may indicate the possibility of mitochondrial DM 

are non-autoimmune DM with onset in early adulthood, low 

or normal BMI, and sensorineural hearing loss that usually 

develops at a young age, commonly leading to the use of a 

hearing aid. Some patients with mitochondrial DM may also 

have a broader, syndromic manifestation that may include 

e.g. myopathy, epilepsy, ataxia or stroke-like episodes; 

these are particularly associated with the m.3243A>G vari-

ant [5]. Although the treatment of mitochondrial diseases 

is currently symptomatic, the correct diagnosis is important 

not only because of the specific features of genetic counsel-
ling and mitochondrial DM treatment, but also because of 

the severe and even life-threatening complications that may 

be associated with the disease. These include stroke-like 

episodes [33], acute paralytic ileus [34] and sudden cardiac 

death [35].

In conclusion, non-autoimmune DM with onset in young 

adulthood, especially if accompanied by sensorineural hear-

ing loss, merits investigations to detect possible mitochon-

drial DM. This should be considered already at the level 

of primary diabetes care. The correct recognition of the 

mitochondrial origin of diabetes has important therapeutic 

implications. Many patients required insulin therapy during 

follow-up, which is consistent with progressive beta-cell 
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dysfunction described in mitochondrial diabetes. Early rec-

ognition of mitochondrial diabetes is important for individu-

alized treatment, avoidance of potentially harmful therapies, 

genetic counselling, and surveillance for renal, auditory, 

cardiac, neurological, and ophthalmological manifestations.
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