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Introduction

Research in context

Evidence before this study

We performed bibliographic searches between 1 January

2025 and 31 December 2025 using Ovid MEDLINE and

PubMed. We used the search terms “mitochondrial diabetes”

OR “mitochondrial disease” AND metformin OR “glucagon-

like peptide 1” OR GLP-1 OR “dipeptidyl peptidase 4” OR

DPP-4 OR “sodium-glucose cotransporter 2” OR SGLT2 OR

sulfonylurea OR insulin). In PubMed, we used the MeSH

terms “Mitochondrial Diseases” AND “Hypoglycemic Agents.”

Mitochondrial diabetes mellitus (mDM) is a recognised but

incompletely characterised manifestation of mitochondrial

diseases (MD). Available evidence is largely limited to single

case reports and small cohorts, leaving uncertainty about risk

factors, genotype-specific prevalence, natural history, and

complication burden. Treatment guidance is sparse; in

particular, metformin is often discouraged because of its

inhibitory effects on respiratory-chain complex I,

complicating therapeutic decision-making in this population.

Added value of this study

In this multicentre, multinational cohort study of 2399

individuals with a genetically confirmed MD, we provide real-

world data on prevalence, risk factors, clinical course, and

treatment approaches of mDM. We identify additional

genotypes associated with diabetes and show marked

genotype dependence of diabetes prevalence, reaching 49%

in m.3243A>G carriers. We characterise disease severity and

progression, provide evidence of microvascular end-organ

damage, and describe treatment patterns with a high rate of

insulin dependence (50% of patients). Over one third of

patients (40%) received oral or subcutaneous (non-insulin)

antidiabetic drugs; in our cohort, and supported by our

review of the literature, metformin exposure was not

associated with an increased risk of adverse events in most

patients, including individuals treated for many years,

arguing against a blanket contraindication despite necessary

caution.

Implications of all the available evidence

Given the substantial burden of mDM, systematic screening

and early diagnosis should be prioritised in people with MD,

particularly with high-risk genotypes. Management should be

individualised, balancing glycaemic control, comorbidities,

and mitochondrial-specific risks. Our findings support the

need for prospective clinical trials of glucose-lowering agents,

including metformin, in this patient population.
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Methods
Study design and participants

Ethics

Procedures
Definition of mitochondrial diabetes mellitus
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Phenotype, anthropometry, and social background

Clinical scales

Polyneuropathy, retinopathy, nephropathy, and
cardiovascular risk factors
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Parameter mDM non mDM total cohort p value

Count [n] 281 2064 2399

Age [yr] 57.7 (46.7–67.5) 42.5 (25.7–59.2) 45.2 (27.7–60.7) <0.0001

Height [cm] 166 (159–170) 167 (156–175) 167 (158–175) 1.0

Weight [kg] 60 (50–74) 62.5 (47–77) 62 (48–76) 1.0

BMI [kg/m2] 22.1 (19.0–25.7) 22.0 (18.3–25.7) 21.97 (18.45–25.7) 1.0

HbA1c [%] 7.0 (6.5–7.4) 5.4 (5.3–5.7) 6.2 (5.5–7.0) <0.0001

NMDAS [points] 19 (12–29.5) 13 (7–25) 14 (8–26) <0.0001

SARA [points] 2.5 (0.5–7.5) 0.5 (0–5) 1 (0–6) 0.00051

Heteroplasmy in blood of m.3243A>G patients [%] 60.0 (44.9–98.0) 46.2 (22.7–86.9) 57.8 (29.8–86.6) 0.062

Age of PMD onset [years] 27.8 (18.1–45.8) 17.3 (4.3–33.8) 18.8 (6.3–36.2) <0.0001

Time of follow-up [years] 3.3 (1.65–5.75) 3.26 (1.61–5.98) 3.31 (1.63–5.99) 1.0

Deaths [n (%)] 20 (7.1%) 132 (6.4%) 156 (6.5%) 1.0

Mortality rate [Deaths/1000 person years] 30.02 31.28 30.58

Sex [n (%)] 0.00022

Female 172 (61.2%) 1021 (49.5%) 1193 (50.9%)

Male 109 (38.8%) 1043 (50.5%) 1152 (49.1%)

Race [n (%)] 0.003

White European descent 240 (96.0%) 1712 (93.2%) 1952 (93.5%)

Other 1 (0.4%) 13 (0.7%) 14 (0.7%)

Asian (other) 3 (1.2%) 86 (4.7%) 89 (4.3%)

Multi-racial 1 (0.4%) 10 (0.5%) 11 (0.5%)

Black (African) 1 (0.4%) 7 (0.4%) 8 (0.4%)

Asian (Indian) 0 (0.0%) 4 (0.2%) 4 (0.2%)

Asian (Chinese) 0 (0.0%) 3 (0.2%) 3 (0.1%)

Hispanic 1 (0.4%) 2 (0.1%) 3 (0.1%)

Native American 3 (1.2%) 0 (0.0%) 3 (0.1%)

Education [n (%)] 0.0001

ISCED 0–early childhood education 0 (0.0%) 72 (10.0%) 72 (8.6%)

ISCED 1–primary education 3 (2.6%) 68 (9.4%) 71 (8.5%)

ICSED 2–lower secondary education 21 (17.9%) 116 (16.0%) 137 (16.3%)

ISCED 3–upper secondary education 34 (29.1%) 164 (22.7%) 198 (23.6%)

ISCED 4–post-secondary non-tertiary education 20 (17.1%) 102 (14.1%) 122 (14.5%)

ISCED 5–short-cycle tertiary education 10 (8.5%) 61 (8.4%) 71 (8.5%)

ISCED 6–Bachelor or equivalent 25 (21.4%) 77 (10.7%) 102 (12.1%)

ISCED 7–Master or equivalent 1 (0.9%) 38 (5.3%) 39 (4.6%)

ISCED 8–Doctoral or equivalent 2 (1.7%) 8 (1.1%) 10 (1.2%)

ISCED 9–not elsewhere classified 1 (0.9%) 17 (2.4%) 18 (2.1%)

Diet [n (%)] 0.0014

No diet (normal nutrition) 101 (72.7%) 652 (78.7%) 753 (77.9%)

Other 10 (7.2%) 47 (5.7%) 57 (5.9%)

Vegetarian 1 (0.7%) 11 (1.3%) 12 (1.2%)

Ketogenic 0 (0.0%) 37 (4.5%) 37 (3.8%)

Low protein 2 (1.4%) 3 (0.4%) 5 (0.5%)

Low fat 1 (0.7%) 6 (0.7%) 7 (0.7%)

Mediterranean 24 (17.3%) 72 (8.7%) 96 (9.9%)

Smoking [n (%)] 0.029

No 165 (85.1%) 1096 (78.2%) 1261 (79.0%)

Current smoker 11 (5.7%) 175 (12.5%) 186 (11.7%)

Former smoker 15 (7.7%) 110 (7.8%) 125 (7.8%)

Occasional smoker 3 (1.5%) 21 (1.5%) 24 (1.5%)

Alcohol [n (%)] 0.27

No 113 (81.9%) 665 (74.5%) 778 (75.5%)

Yes, daily 2 (1.4%) 29 (3.2%) 31 (3.0%)

Yes, weekly 3 (2.2%) 41 (4.6%) 44 (4.3%)

Yes, occasionally 20 (14.5%) 158 (17.7%) 178 (17.3%)

Study population characteristics given for patients with MD with mDM and without mDM. We excluded the n = 53 patients with IGT and/or transient diabetes mellitus to

prevent bias in the mDM, but also the control group. p values indicate significance of differences between groups. BMI: body mass index, HbA1c: glycated haemoglobin,

ISCED: International Standard Classification of Education, mDM: mitochondrial diabetes mellitus, NMDAS: Newcastle Mitochondrial Disease Adult Scale, ns: not

significant, SARA: Scale for the assessment and rating of ataxia.

Characteristics of study population.
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Phenotypes and clinical presentation
≥

Age at onset

Risk factors for developing mDM
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Prevalence of mitochondrial diabetes mellitus across different genotypes and phenotypes. Stacked bar chart displaying the

absolute number of patients with (red) and without (sand) mDM for A different genotypes and B different phenotypes. Only geno-, and

phenotypes with a minimum of ≥20 entries in the registry are shown. Numbers within each bar segment represent absolute patient counts.

Total number of patients per genotype group is indicated above each bar (n). The y-axis is displayed on a square-root scale to allow

simultaneous visualisation of both large and small genotype groups. Abbreviations: mDM: mitochondrial diabetes mellitus.
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Prevalence of polyneuropathy, retinopathy, and
nephropathy
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Age-group dependent prevalence of mitochondrial diabetes mellitus compared to the normal population of Germany. Forest

plot displaying age-, and genotype-dependent OR and respective 95% CI for the risk of having mDM compared to the normal population in

Germany. The dashed vertical line at OR = 1 denotes the null effect (no difference from the reference prevalence). Reference prevalence values

were derived from nationwide diabetes mellitus registry studies in Germany, stratified by age group (specific values given in the legend). 95%

CI for the observed proportions were calculated using the Wilson score method with continuity correction (prop.test, R), and were converted

to odds; these were then divided by the reference odds to obtain an odds ratio and its 95% CI relative to the general population reference

prevalence. Dots display OR and horizontal line 95% CI. Abbreviations: CI: confidence interval, mDM: mitochondrial diabetes mellitus,

OR: odds ratio.
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Cardiovascular risk factors

Antidiabetic therapies
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Antidiabetic therapy regimens in patients with mitochondrial diabetes mellitus. Bar plot indicating the antidiabetic therapies in

the total mDM cohort A, and the number of insulin-dependent patients stratified by genotype B. A In total (sand) 140 (50%) patients with

mDM used insulin, and 111 (40%) took oral medications, or injected subcutaneous non-insulin antihyperglycemic agents. Metformin was the

most frequently used oral drug; 8 patients discontinued. Additional discontinuations occurred with DPP-4 inhibitors (5 of 34 users) and GLP-1

receptor agonists (1 of 6 patients); discontinuation numbers are displayed in red. B The number of patients using insulin (dark brown) varied

between the different genotype groups and was highest in patients with the m.3243A>G variant. Total number of patients with mDM per

genotype group are given in sand. Abbreviations: DPP4: dipeptidyl peptidase 4, GLP-1: glucagon-like peptide 1, mitochondrial diabetes

mellitus.
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Literature review of antidiabetic therapies in
patients with MD/mDM

Discussion

β
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