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Mitochondria
3

generate most of the chemical energy needed to 

power the cell's biochemical reactions



Mitochondrial DNA methylation

➢ DNA methylation can happen not only in nuclear DNA but also in mitochondrial DNA that 

plays an important role in: 

 mitochondrial genome stability

 mitochondrial gene expression

 mitochondrial function 

 the pathophysiological processes of many diseases
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Back Ground 

 Mitochondrial dysfunction and damage have been implicated in obesity

 platelet mitochondria are important in maintaining thrombosis and hemostasis

 mitochondrial DNA (mtDNA) in platelets is aberrantly methylated in CVD 

patients
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Back Ground 

 The association between obesity and cardiovascular disease (CVD) is proven

 why some adults with obesity develop CVD while others remain disease-free? 
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Hypotheses and objectives 

 Epigenetic changes in the mitochondrial epigenome may be early events related to 

CVD development

 Aberrant platelet mtDNA methylation occurs in at-risk individuals, such as adults 

with obesity, prior to developing CVD and may therefore serve as a biomarker of 

CVD risk.

 Determining the utility of platelet mtDNA methylation to predict future CVD 

events in adults with overweight or obesity
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Research design 

prospective nested case-control study
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The demographic and clinical characteristics of these participants
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Assessment of CVD risk at baseline and CVD events at follow-up

Considering   sex, 
age, SBP, treatment 
for hypertension, 
smoking, type 2 
diabetes, HDL, 

smoking status  and 
total cholesterol

Framingham Risk Score

HeartScore (incidence of fatal CVD 
within 10 years)

84 CVD

116 CVD free
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Platelet mtDNA preparation and DNA methylation 

measurement
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Statistical analysis

 Data for CVD-free and CVD-developed participants at follow-up were compared

using the χ2 test for categorical data and Student’s t test for continuous variables

 Multivariate logistic regression, adjusted for age, BMI, fasting blood glucose, cholesterol

ratio (TC/HDL), SBP, and DBP

 ROC curves were generated to evaluate the diagnostic ability of the cholesterol ratio and mtDNA loci to 

distinguish between participants who were CVD-free and those in whom CVD-developed at follow-up
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Methylation at baseline was in those participants who remained CVD-free compared

with those who developed CVD during follow-up14



methylation at the three loci in relation to the development of CVD during follow-up
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Not find any association between mtDNA methylation level and the most common CVD risk factors including

age, BMI, blood pressure, blood glucose concentration, cholesterol, and uric acid in individuals with 

overweight and obesity
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Evaluate the diagnostic ability of the cholesterol ratio and mtDNA loci to distinguish 

between participants who were CVD-free and those in whom CVD-developed at follow-up18

12% for MT-CO1
nt6807 (P = 0.049)

1.5% for MT-CO3 
nt9444 (P =
0.001)

3% for MT-TL1 nt3254 (P 
= 0.22

(P = 0.38)



 Methylation not above the thresholds at any of the three loci (score 0)

 methylation above the threshold at any one locus(score 1)

 methylation above the threshold at any two or all three loci (score 2)
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Evaluate the independent prognostic value of each single locus and of their combination on future 

CVD cases
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➢ The hazard ratio (HR) for developing CVD for score 1 
was 1.38 to score 0  (95% CI, 0.68–2.78) 

➢ score 2 was 2.68 (95% CI, 1.41–5.08) 
➢ 65% of the individuals with score 2 developed CVD
➢ 21% of individuals with score 0 developed CVD

➢ Participants with score 2 had a lower median time 
without-CVD  than participants with score 1

➢ More than half of the participants with score
➢ 0 were CVD-free at the end of the follow-up period.



sensitivity analysis

 Excluding participants who developed CVD within a year from baseline

 The HR for those who scored 2 remained significantly higher than those who scored 1 (HR = 

2.17, 95% CI 1.06–4.47)

 The HR for those who scored 2 remained in comparison with those who scored 0 (HR = 2.53, 

95% CI1.12–5.72) 
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sensitivity analysis

 Stratifying the CVD cases into “Mild,” such as hypertension (n = 51), and “Severe” events, 

such as ischemic heart diseases (n = 33)

 mtDNA methylation score was a significant (P <0.001) predictor of future risk of developing 

CVD in mild group

 The HR for those who scored 2 was significantly higher than for those scored 1 (HR = 2.27, 95% 

CI 1.13–4.44, P =0.021) and those who scored 0 (HR = 4.34, 95% CI 1.76–10.73, P < 0.002)
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Discussion & conclusion

 In this nested case-control study of 200 adults with overweight and obesity,

higher mtDNA methylation at three loci (MT-CO1 nt6807,MT-CO3 nt9444, and MT-TL1 nt3254) in 

platelets was associated with higher risk of developing CVD within 5 years

 participants with score 2 (high methylation at two or three loci) developed CVD significantly sooner 

than the participants with score 1 and score 0

 mtDNA methylation at the three loci may be a novel predictive biomarker for the future risk of 

developing CVD
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Discussion & conclusion

 No association between mtDNA methylation level and CVD risk factors  in individuals with 

overweight and obesity.

 Supports the idea that altered mtDNA methylation in platelets precedes the development

of CVD, and may serve as a non-invasive BIOMARKERS to distinguish individuals with

higher CVD risk.
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limitation

 The outcome in this study was diagnosis of any of a heterogeneous group of CVDs that ranged from 
mild to more severe events

 Their model remained strong in predicting the “mild” CVD events, but the lack of

statistical power prevented examination of its ability to predict more “severe” cases

 To replication the finding, access to data  and samples from a cohort that had collected plasma or 
platelets and had follow-up data  on CVD incidence as part of a prospective study of individuals with 
overweight and obesity is required 

 most of the participants were Caucasian, additional studies are needed to validate these findings in 
individuals with different ethnicities

 hospital discharge records were utilized, the use of thoroughly validated administrative

 databases may strengthen future studies

25



3/14/2022

26

The use of thoroughly validated administrative
databases may strengthen future studies
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 Multivariate logistic regression,

 adjusted for age, BMI, fasting blood glucose, cholesterol

 ratio (TC/HDL), SBP, and DBP, was performed to investigate

 the association between DNA methylation at each

 locus (CpG site) and the risk of CVD during follow-up.
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 2000 participants with overweight (25 < BMI < 30 kg/m2) and obesity (BMI ≥ 30 kg/m2)  
in Milan, Italy

 For those who developed CVD, the

 follow-up stopped after the first CVD diagnosis

 for

 those who remained CVD-free, the follow-up lasted until

 the last update from the Italian National Health Service.

 We selected 84 individuals who developed CVD in the

 follow-up period
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 For those who developed CVD, the

 follow-up stopped after the first CVD diagnosis; for

 those who remained CVD-free, the follow-up lasted until

 the last update from the Italian National Health Service

 84 individuals who developed CVD in the

 follow-up period, and these were sex- and BMI-matched

 with 116 individuals who remained CVD-free.
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 Assessment of CVD risk at baseline and CVD events at

 follow-up

 To estimate individual CVD risk at baseline, we calculated

 the Framingham Risk Score which uses information

 on sex, age, SBP, treatment for hypertension,

 smoking, type 2 diabetes, HDL, and total cholesterol

 HeartScore to predict the

 incidence of fatal CVD within 10 years [36, 47] using

 age, sex, SBP, cholesterol, HDL cholesterol, BMI, and

 smoking status.
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