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Patients with mitochondrial diseases are at risk of heart failure, arrhythmias and major 

adverse cardiac events that can be predicted based on their genotype and simple cardiac tests. 

#ACCEP #ACCHFT
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Abstract 

Background: Patients with mitochondrial diseases are at risk of heart failure (HF) and 

arrhythmic major adverse cardiac events (MACEs). 

Objectives: We developed prediction models to estimate the risk of HF and arrhythmic 

MACEs in this population.  

Methods: We determined the incidence and searched for predictors of HF and arrhythmic 

MACEs using Cox regression in 600 adult patients from a multicenter registry with 

genetically confirmed mitochondrial diseases. 

Results: Over a median follow-up time of 6.67 years, 29 patients (4.9%) reached the HF 

endpoint, including 19 hospitalizations for non-terminal HF, two cardiac transplantations and 

eight deaths from HF. Thirty others (5.1%) reached the arrhythmic MACE, including 21 with 

third- or type II second-degree atrioventricular blocks, four with sinus node dysfunction, and 

five sudden cardiac deaths. Predictors of HF were the m.3243A>G variant (HR, 4.3; 95% CI, 

1.8-10.1), conduction defects (HR, 3.0; 95% CI, 1.3-6.9), left ventricular (LV) hypertrophy 

(HR, 2.6; 95% CI, 1.1-5.8), LV ejection fraction < 50% (HR, 10.2; 95% CI, 4.6-22.3), and 

premature ventricular beats (HR, 4.1; 95% CI, 1.7-9.9). Independent predictors for 

arrhythmia were single, large-scale mtDNA deletions (HR, 4.3; 95% CI, 1.7-10.4), 

conduction defects (HR, 6.8; 95% CI, 3.0-15.4), and LV ejection fraction < 50% (HR 2.7; 

95% CI, 1.1-7.1). C-indexes of the Cox regression models were 0.91 (95% CI, 0.88-0.95) and 

0.80 (95% CI, 0.70-0.90) for the HF and arrhythmic MACEs, respectively. 

Conclusion: We developed the first prediction models for HF and arrhythmic MACEs in 

patients with mitochondrial diseases using genetic variant type and simple cardiac 

assessments. 
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Condensed abstract: 

Patients with mitochondrial diseases are at risk of heart failure (HF) and arrhythmic major 

adverse cardiac events (MACEs). We developed prediction models to estimate these risks in 

600 patients with genetically confirmed mitochondrial diseases. 

Over a medial follow up period of 6.6 years, 4.9% of the cohort reached the HF and 5.1% the 

arrhythmic MACEs endpoint. Predictors of HF were the m.3243A>G variant in the 

mitochondrial DNA, conduction defects, premature ventricular beats, left ventricular 

hypertrophy (LV) and LV ejection fraction <50% at baseline. Predictors of arrhythmic 

MACEs were presence of single large-scale deletions, conduction defects and LV ejection 

fraction <50%.  

 

Keywords: mitochondrial diseases, m3243A>G, single large-scale deletions, heart failure, 

conduction disease, sudden death 

 

Abbreviations: 

EF  Ejections fraction 

HF  Heart failure 

LV  Left ventricle 

MACE  Major Adverse Cardiac Event 
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Introduction 

Mitochondrial diseases are heritable conditions caused by genetic variants in the 

mitochondrial or nuclear DNA, resulting in dysfunction of the mitochondrial respiratory 

chain and abnormal ATP production 1-4. The most common genetic changes are single, large-

scale mtDNA deletions and the m.3243A>G point variant in mitochondrial DNA. The 

prevalence of mitochondrial diseases is estimated to be 1 in 5000 individuals 5,6. They are 

characterized by diverse clinical presentations but organs with high energy demand, such as 

the heart, brain, and skeletal muscle, are preferentially affected. Cardiac involvement is 

common with left ventricular hypertrophy, conduction disease, Wolff-Parkinson-White 

syndrome, and dilated cardiomyopathy7-14 being the most frequently reported manifestations. 

Patients with mitochondrial diseases have a high risk of HF and arrhythmic major adverse 

cardiac events (MACEs), which remains extremely challenging to estimate in the absence of 

specific prediction models 15. 

In this international multicenter study, we sought to analyze the frequence of 

arrhythmic and heart failure (HF) complications in a large cohort of patients with genetically 

confirmed mitochondrial diseases and to identify risk factors for the development of these 

two events to guide the implementation of specific diagnostic and therapeutic measures.  

Methods 

 The data, analytic methods, and study materials will not be made publicly available to 

other researchers for purposes of reproducing the results or replicating the procedure because 

consent to participate in this study did not include public dissemination of patient data. This 

study complies with the ethical principles formulated in the Declaration of Helsinki and was 

approved by the local ethics committees at sites where formal approval was required 

according to local laws. 

Study settings and design 
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 Patients referred to our nine recruiting centres for the management of their 

mitochondrial disease between January 2000 and December 2019 were retrospectively 

identified. The inclusion criteria were: 1) age ≥ 18 years at the time of the first cardiac 

evaluation between January 2000 and December 2019; 2) pathogenic or likely pathogenic 

variants in mitochondrial or nuclear genes. We reviewed medical records and entered into a 

dedicated database the information regarding the 1) clinical manifestations of their 

mitochondrial diseases, 2) results of genetic testing, 3) results of cardiac investigations at the 

first referral, and 4) long-term major cardiovascular events.   

Clinical definitions 

Criteria for the interpretation of ECG results were in accordance with the 

recommendations formulated by professional societies 16. Cardiac involvement due to 

underlying mitochondrial disease in the cohort was defined as presence of structural and 

functional myocardial abnormalities (LV hypertrophy, LV dilatation, impaired systolic 

function, presence of myocardial late enhancement on cardiovascular magnetic resonanse) 

and/or electrical abnormalities (conduction defects or ventricular premature beats) in the 

absence of other causes. Conduction disease on a standard 12 lead ECG included complete 

left or right bundle branch block, left anterior or left posterior fascicular block, and first-

degree atrioventricular block. Premature ventricular complexes were defined as >15 

premature ventricular events/h. Non-sustained ventricular tachycardia was defined as ≥ three 

consecutive ventricular complexes at a rate ≥120 bpm on a 24-h ambulatory ECG. Left 

ventricular (LV) hypertrophy was defined as an LV mass >88 g/m2 body surface area for 

women and >102 g/m2 among men, as measured by echocardiography. LV dilatation was 

defined as an LV end-diastolic diameter of >31 and >32 mm/m² body surface in men and 

women, respectively 17. 

MACE 
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The endpoints of this study were 1) HF MACE, 2) arrhythmias as major adverse 

cardiac events (MACEs), and 3) the total number of MACE corresponding to the one of the 

first two outcomes, whichever occurred first. HF MACE was defined as 1) death due to HF, 

2) cardiac transplantation, or 3) hospitalizations for non-terminal HF. The classification of 

hospitalizations related to HF was made according to prespecified criteria 18. Arrhythmias 

were defined as 1) sudden cardiac death 19, 2) third- or type II second-degree atrioventricular 

block, 3) sinus node dysfunction, or 4) sustained ventricular tachyarrhythmias. Death was 

classified as sudden if it occurred unexpectedly within 1 h of onset of cardiac manifestations, 

in the absence of prior hemodynamic deterioration, during sleep, or within 24 h after the 

patient was last seen alive and apparently stable clinically 19. Three of the authors (KW, KS, 

and CV) reviewed the data and adjudicated MACE according to these prespecified criteria. 

Statistical analyses  

Continuous variables are presented as mean ± standard deviation or median 

(interquartile range) values as appropriate. Categorical variables are presented as counts and 

percentages. Time-to-event curves were constructed using the Kaplan-Meier product limit 

estimator, and the log rank test was used to compare the event hazard between groups 

(genetic variant types or number of MACE risk factors). The baseline was defined either as 

birth for analysis at life scale or as inclusion in the registry for analysis at medical follow-up 

scale. The observation period ended when <15% of patients were observable.  The baseline 

description was performed on the whole population. For survival analysis from baseline, 

patients who had experienced an event before the baseline were excluded from the analysis. 

Variables with a p-value inferior to 0.15 in univariable analysis were included in a 

multiple variable Cox regression model, by using a backward selection strategy based on the 

Wald test 20. The predictor variables included in the model for HF MACE were genetic 

variant type (m.3243A>G versus other variants), diabetes, hypertrophy, conduction defect, 
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premature ventricular contractions, and LV ejection fraction < 50%, whereas the variables 

included in the model for arrhythmias as MACEs were genetic variant type (single, large-

scale mtDNA deletions versus other variants), atrial fibrillation, arterial hypertension, male 

sex, conduction defect, premature ventricular contractions, and LV ejection fraction < 50%. 

The assumptions of the Cox model were verified with respect to the proportionality of hazard 

ratios (HRs) and linear functional forms 21. HRs are expressed with their 95% confidence 

intervals (CIs). To gauge model discrimination, we calculated Harrell’s concordance (C) 

index 22. All tests were two-sided at the 0.05 significance level. Statistical analyses were 

performed using the Statistical Analysis Software 9.4 (SAS Institute Inc., Cary, North 

Carolina).  

Results 

Baseline characteristics 

We studied 600 patients (females, 59.2%) with median age of 43.2 years (31.4-54.1 

years) with a confirmed genetic diagnosis of mitochondrial disease that included patients 

from our previous study15 and 340 additional patients recruited from multiple international 

centres. Up to date follow up data were collected for all patients. The most common 

mitochondrial disease manifestations at baseline are presented in Table 1 and Supplemental 

Table 1. The most prevalent genetic variant was the m.3243A>G variant in MT-TL1 in 208 

(34.7%) patients, whereas 171 patients (28.5%) showed single, large-scale mtDNA deletions, 

145 (24.2%) showed other mtDNA point variants, and 76 (12.7%) showed nuclear gene 

variants (Supplemental Table 2). 

Cardiac involvement was present at baseline in 230 patients (38.3%). Left ventricular 

hypertrophy was present in 135 patients (22.5%). Thirty-seven patients (6.6%) had a left 

ventricular ejection fraction < 50%, and 51 patients (7.4%) showed symptoms of HF, with 

most of the patients categorized in NYHA class II. Twenty two patients (3.7%) presented 
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with LV dilatation, whereas 11 patients (1.8%) had an LVEF<35% (Table 1 and supplement 

table 1). Fifty-five patients (9.3%) showed evidence of conduction disease at baseline. A 

short PR interval was present in 31 individuals (5.2%) and Wolff-Parkinson-White syndrome 

was reported in 20 patients (3.4%). Other common symptoms were palpitations in 49 patients 

(8.2%), lightheadedness in 29 patients (4.8%), and syncope in 12 patients (2.0%). Eighty-

three patients (13.9%) were treated with beta-blockers and 119 (19.9%) with angiotensin-

converting enzyme inhibitors. Sixteen (2.7%) patients had a pacemaker and none of the 

patients had an implantable cardiac defibrillator. 

MACEs 

Post-baseline analyses were performed on 589 patients for total MACE, 596 patients 

for HF MACE and 593 patients for arrhythmic MACE. During a median follow-up time of 

6.6 years (3.0-11.2 years), 52 patients (8.8%) reached the total MACE endpoint (Table 2) 

with a median time to endpoint of 4.3 years (1-8.7). The cumulative incidence of MACEs 

according to the genetic variant from baseline and from birth is presented in Figure 1 and 

supplemental Table 3. Within the first 10 years from the first assessment, 11.7% (95% CI 

8.5-15.5).  of the patients had experienced a MACE endpoint.  

Twenty nine patients ( 4.9%) reached the HF MACE at a median time of 5.1  years 

(1.9-9.2). Eight patients died from HF, two patients underwent cardiac transplantation, and 19 

patients were hospitalized for non-terminal HF. Interestingly, both patients who underwent 

cardiac transplantation had the m.3243A>G genotype: the first one was transplanted at the 

age of 35 year and presented with LVH of 15mm wall thickness and LVEF 15%; the second 

one at the age of 52 years and presented with LVH 12mm and LVEF 25%. The 10-year 

cumulative incidence of HF MACE was 6.85% (95% CI 4.4-9.9). Figure 1 shows the 

incidence of HF MACE for the four different genotypes. The risk of HF was highest for the 
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m.3243A>G genotype and started rising in the early 30s with a relatively stable rate until the 

mid-50s and a steep rise after that. 

Thirty patients (5.1%) reached the arrhythmic MACE endpoint (Table 2) at a median 

time of 3.5 years (0.7-8.8), with 6.2% reaching the endpoint within the first 10 years of 

follow-up (95% CI 4.0-9.0). Five of these patients suffered sudden cardiac death, 21 patients 

progressed to second-degree type II atrioventricular block or third-degree atrioventricular  

block, and four patients developed significant sinus node dysfunction. Figure 1 shows the 

incidence of the arrhythmic MACE outcome for the different genotypes. The risk of 

arrhythmias was the highest for patients with single, large-scale mtDNA deletions with the 

number of events evenly distributed throughout their life, starting in early adulthood. The 

number of events was minimal for the other genotypes and occurred later in life. 

HF MACE prediction 

On univariable analysis, diabetes, conduction disease, left ventricular hypertrophy, 

ejection fraction < 50%, presence of the m.3243A>G variant, and premature ventricular 

contractions were significantly associated with the development of the HF MACE (Table 3 

and supplementary table 5). On multivariable analysis, conduction disease (HR, 2.63 ; 95% 

CI, 1.10-6.28), LV hypertrophy (HR, 2.81; 95% CI, 1.23-6.39), LV ejection fraction < 50% 

(HR, 11.43; 95% CI, 5.17-25.26), m.3243A>G variant (HR, 4.69; 95% CI, 1.97-11.16), and 

premature ventricular beats (HR, 4.46 95% CI; 1.83-10.88) were independent predictors of 

the HF MACE (Table 3). The calculated C-index for the HF MACE outcome was 0.92 (95% 

CI, 0.89-0.95), indicating an excellent risk prediction of the model. Patients with no or one 

risk factor showed excellent long-term prognosis (Central illustration) with 4 patients (0.8%) 

reaching the HF MACE at a median time of 7.0 (6.5-9.0), corresponding to a 10-year 

cumulative incidence of 1.2% (95% CI,0.3- 3.2). Among patients with two or three risk 
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factors 21 (17.9%) reached the HF MACE at a median time of 3.0 years (0.7-9.2) 

corresponding to a 10-year cumulative incidence of 23.5% (95% CI, 13.8- 34.6). 

Arrhythmic MACE prediction 

On univariable analysis, progression to the arrhythmic MACE endpoint was 

significantly associated with sex, atrial fibrillation, conduction disease at baseline, LV 

ejection fraction < 50%, and single, large-scale deletion (Table 3 and supplementary table 5). 

On multivariable analysis, conduction disease (HR, 8.22; 95% CI, 3.67-18.43), LV ejection 

fraction < 50% (HR 3.25 95% CI1.27-8.34),  and single, large-scale mtDNA deletions (HR, 

4.92; 95% CI, 2.05-11.79) were independently associated with development of the 

arrhythmic MACE (Table 3). The calculated C-index for arrhythmic MACE was 0.8 (95% 

CI, 0.7-0.9), showing a strong risk prediction of the model. Patients with no or one risk factor 

showed excellent long-term prognosis (Central illustration) with 12 patients (2.1%) reaching 

the arrhythmic MACE at a median time of 4.9 years (0.7- 9.1), corresponding to a 10-year 

cumulative incidence of 2.3% (95% CI, 1.1-4.3). Among patients with two or three risk 

factors 18 (52.9 %) reached the HF MACE at a median time of 2.3 years (0.75-8.84) 

corresponding to a 10-year cumulative incidence of 58.5% (95% CI, 35.2-76.0). 

Occurrence of sudden death in mitochondrial disease 

In our cohort, sudden death was rare. The total population of 600 patients included 

five cases of unexplained sudden death. Two of the patients had single, large-scale mtDNA 

deletions with advanced conduction disease and progressed rapidly to complete heart block 

and declined pacemaker insertion. One patient with a m.3243A>G variant and mild left 

ventricular hypertrophy with a maximum wall thickness of 12mm and experienced a cardiac 

arrest during hospitalization for anaphylaxis. Two other patients, one with POLG and another 

with nuclear DNA variants, died unwitnessed at home but had normal cardiac investigations 

(supplementary table 4). 
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Discussion 

In this multicenter study, we show that cardiac involvement is present in 

approximately 30% of patients and that life-threatening cardiac complications occur in 10% 

of patients over a 10-year follow-up period. In fact, approximately 14% of deaths of all 

causes (13 cardiac deaths from total 95 deaths) were directly due to cardiac complications 

indicating the importance of cardiac surveillance in high-risk patients. We have previously 

reported on the long-term cardiac prognosis and provided risk factors in 260 patients with 

mitochondrial diseases15. In the present study, we validated our previous results and 

identified independent risk factors for HF and arrhythmic MACE, that can be used to 

estimate the long-term risk for adverse outcomes and facilitate the implementation of 

preventive strategies.  

Similar to previous reports 11,15,23, we found that a significant proportion of patients 

presented with cardiac involvement and both structural and electrical abnormalities, which 

have been associated with a higher risk of cardiac complications in both paediatric and adult 

populations.11,15,24-28 We cannot exlude that some of the changes observed such as LVH and 

AF were secondary to other cardiovascular risk factors, such as hypertension, which are 

known to be present in patients with mitochondrial diseases with a higher frequency than in 

the general population.29 However, LVH is a well described clinical picture and can occur 

early in paediatric populations with mitochondrial diseases independently.30 Our data suggest 

that the cardiac outcomes are worse in patients carrying the m.3243A>G variant and single, 

large-scale mtDNA deletions in comparison with other variants. The presence of m.3243A>G 

was an independent risk factor for HF complications with only few arrhythmic events. On the 

other hand, single, large-scale mtDNA deletions were independently predictive of arrhythmic 

risk, which mainly drove the cardiac risk in this genotype. The complexity of the clinical 

presentations in each genetic subgroup is similar to that reported with extracardiac 
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manifestations of the disease, with incomplete genotype-phenotype correlations and 

numerous overlapping syndromes. Importantly, our data suggest that irrespective of 

genotype, patients generally have a good prognosis in the absence of other risk factors.  

We have developed the first model to date for HF risk stratification in mitochondrial 

diseases, which can be easily used after simple cardiac assessments even in non-expert 

centers. Patients with HF MACE risk factors may benefit from closer follow-up or potentially 

advanced cardiovascular tests such as cardiac MRI, which may identify early myocardial 

changes.26 High-risk patients may also be eligible for early initiation of HF medication to 

delay myocardial disease progression or novel therapies such as mtDNA elimination or 

mtDNA gene therapy.31,32 As shown in other studies as well, our data show that patients with 

0 or 1 risk factors have an excellent long-term prognosis and a less frequent follow up in such 

patients such as every 3-5 years, or less frequently, as is the case in other forms of screening 

for inherited cardiomyopathies, may be reasonable.33 

Current guidelines for pacing and sudden death prevention in mitochondrial disease 

lack clear indications, mainly due to the lack of evidence 34. In our cohort, the vast majority 

of arrhythmic events occured in patients with single, large-scale mtDNA deletions, and most 

of the arrhythmic events were conduction defects. Our observations suggest that prevention 

of sudden cardiac death in patients with large deletions mtDNA should mainly rely on 

prophylactic permanent pacing in patients with multiple risk factors. Sudden cardiac death 

and ventricular arrhythmias were not observed in patients with the m.3243A>G variant from 

our cohort but have been reported in few cases with extreme left ventricular hypertrophy and 

fibrosis 35. We cannot exclude from our study that some patients with the m.3243A>G variant 

with the most severe hypertrophic patterns may benefit from implantable cardiac if the 

severity of the mitochondrial disease and life expectancy are compatible with such a decision.  

Limitations  
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 One of the primary limitations of the study was its retrospective nature. As a result, some 

of the conventional cardiovascular risk factors, such as smoking and BMI, were not available. 

However, standardised protocols were used for all patients with complete follow-up and 

identification of events. In addition, the study was performed in adult patients, and so may be 

subject to inclusion bias. Moreover, only tertiary centers with extensive experience in the 

care of patients with mitochondrial diseases were included, which may have introduced a bias 

towards referral of the sickest patients. However, most of patients from the geographic areas 

covered by our centers were referred to them because of the complexity of the management 

of these conditions.  

Conclusions 

Our data suggest that adult patients with mitochondrial diseases are at risk of developing 

severe HF and arrhythmia-related MACE. We developed statistical models with good 

accurracy for the prediction of these events, which can guide the use of preventive treatments 

in high-risk patients. 

  



 18 

Clinical perspectives: 

Competency in Patient Care and Procedural Skills: Patients with mitochondrial disease and 

cardiac involvement are at risk of heart failure, arrhythmias and major adverse cardiac events 

that can be predicted based on individual genetic background and clinical features. 

Translational Outlook: Future studies should address whether early initiation of medication 

or device-based therapies for heart failure or arrhythmias can improve clinical outcomes for 

patients with mitochondrial disease involving the myocardium.
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Figure Legends  

Figure 1: HF and arrhythmias-MACE free survival by genotype  

Total MACE from baseline (A) and from birth (B); HF MACE from baseline (C) and from 

birth (D); arrhythmias MACE from baseline (E) and from birth (F) 
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Central Illustration: Predictors of heart failure and arrhythmic MACEs in 

mitochondrial diseases 

HF MACE from baseline according to strata of 0-1, 2-3 and 4-5 risk factors (A); Arrhythmias 

MACE from baseline according to strata of 0-1, 2-3 risk factors (B). LV, left ventricle; 

LVEF, left ventricular ejection fraction; PVCs, premature ventricular contractions 

 



 27 

 

Table 1: Baseline characteristics of the 600 study participants 

Patient characteristics Total population 

Age at baseline, years 43.2 (31.4-54.1) 

Male 245 (40.8) 

Genetic variant type  

    m.3243A>G 

    Single, large-scale mtDNA deletions 

    Other mtDNA point variants 

    Nuclear gene variants 

 

208 (34.7) 

171 (28.5) 

145 (24.2) 

76 (12.7) 
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Patient characteristics Total population 

Mitochondrial disease manifestations 

    Myopathy 

    Chronic progressive external ophthalmoplegia 

    Epilepsy 

    Dysphagia 

    Respiratory failure 

    Renal failure 

    Diabetes 

    Retinopathy 

    None 

 

300 (50.1) 

285 (47.7) 

83 (13.9) 

129 (21.5) 

57 (9.5) 

56 (9.3) 

160 (26.7) 

68 (11.4) 

53 (8.8) 
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Patient characteristics Total population 

Cardiac manifestations 

    Myocardial involvement 

        NYHA II 

        NYHA III-IV 

        Left ventricular hypertrophy 

        Left ventricular dilatation  

        Left ventricular ejection fraction <50% 

       Left ventricular ejection fraction <35% 

    Conduction defect 

        First-degree atrioventricular block 

        Left bundle branch block 

        Right bundle branch block 

    Atrial fibrillation 

    Premature ventricular contractions  

    Non-sustained ventricular tachycardia 

 

 

44 (7.3) 

7 (0.1) 

135 (22.5) 

22 (3.7) 

37 (6.6) 

11 (1.8) 

55 (9.3) 

19 (3.2) 

11 (1.9) 

24 (4.0) 

22 (3.7) 

21 (3.5) 

4 (0.7) 

Systemic hypertension 167 (27.8) 

mtDNA = mitochondrial DNA; NYHA = New York Heart Association. Values are 

medians (IQR) or numbers (%) of observations.  
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Table 2: Major adverse cardiac events in the entire study sample 

All-cause mortality 95 (15.8) 

Total MACE  

   Cumulative incidence at 10 years 

   Time to event, years 

52 (8.8) 

11.7 (8.5- 15.5) 

4.3 (1.0- 8.7) 

HF MACE  

   Cumulative incidence at 10 years 

   Time to event, years 

   Type of event 

       Death due to heart failure  

       Cardiac transplantation  

       Other heart failure hospitalization 

29 (4.9) 

6.8 (4.4; 10.0) 

5.1 (1.9; 9.2) 

 

8 

2 

19 

Arrhythmias MACE  

   Cumulative incidence at 10 years 

   Time to event, years 

   Type of event 

       Sudden death  

       Third- or type II second-degree atrioventricular block 

       Sinus node dysfunction 

       Ventricular tachyarrhythmias 

30 (5.1) 

6.2 (4.0; 9.0) 

3.5 (0.7; 8.8) 

 

5 

21 

4 

0 

MACE = major adverse cardiac event. Values are medians (IQR) or numbers (%) of 

observations.



 31 

Table 3: Relationship between patient characteristics and major adverse cardiac events  

 HF MACE Arrhythmias MACE 

 Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis 

Parameters HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P 

Male 1.42 (0.69-2.95) 0.342 - - 1.83 (0.89-3.75) 0.099 - - 

Age at baseline, years 1.01 (0.99-1.04) 0.306 - - 0.99 (0.96-1.01) 0.332 - - 

Diabetes 7.39 (3.35-16.26) <0.001 - - 0.94 (0.40-2.19) 0.879 - - 

Genetic variant type 

 

        

     Single, large-scale mtDNA 

deletions 

 

0.73 (0.32-1.66) 0.452   7.38 (3.16-17.23) <0.001 4.92 (2.05- 11.79) 

 

<0.001 

      m.3243A>G 

 

6.19 (2.80-13.70) <0.001 4.69 (1.97- 11.16) <0.001 

 

0.26 (0.08-0.85) 0.027 - - 

    Other mtDNA point variants 0.11 (0.02-0.81) 0.030 - - 0.22 (0.05-0.91) 0.037 - - 

     Nuclear gene variants 

 

0.00 (0.00-Inf) 0.987 - - 0.43 (0.10-1.80) 0.248 - - 

Atrial fibrillation 1.38 (0.33-5.81) 0.663 - - 3.27 (1.13-9.40) 0.028 - - 

Conduction defect  4.70 (2.14-10.33) <0.001 2.63 (1.10-6.28) 0.029 16.13 (7.82-33.24) <0.001 8.22 (3.67- 18.43) <0.001 

LV hypertrophy 6.60 (3.07-14.19) <0.001 2.81 (1.23-6.39) 0.014 1.25 (0.56-2.81) 0.586 - - 

LV ejection fraction <50% 23.99 (11.51-49.98) <0.001 11.43 (5.17- 25.26) <0.001 6.52 (2.77-15.35) <0.001 3.25 (1.27- 8.34) 0.014 

Premature ventricular contractions 7.79 (3.32-18.30) <0.001 4.46 (1.83- 10.88) 0.001 3.07 (0.93-10.14) 0.065 - - 

MACE = major adverse cardiac event; HR = hazard ratio; CI = confidence interval; mtDNA = mitochondrial DNA; LV = left ventricular 

 


