SUPPLEMENTAL MATERIAL FOR
“Circulating mitochondrial DNA signature in cardiometabolic patients”
Baseline echocardiography. All patients underwent a comprehensive transthoracic echocardiography examination according to international recommendations.[1] Stroke volume was calculated by multiplying the left ventricular (LV) outflow tract area by the LV outflow tract velocity-time integral measured by pulsed-wave Doppler. Cardiac output was calculated by multiplying stroke volume by heart rate. With the patient in the supine position, the maximum inferior vena cava (IVC) diameter during the respiratory cycle was measured between 1 and 3 cm before the merger with the right atrium. The IVC collapse was visually estimated as ≥50 or <50% following deep inspiration (a brief sniff). IVC diameter and its variations were used to estimate right atrial pressure (RAP), as recommended[1]. Systolic pulmonary artery pressure (sPAP) was measured from the peak tricuspid regurgitation velocity (TRV) with the simplified Bernoulli equation, adding the estimated RAP. Mean pulmonary artery pressure (mPAP) was derived from the TRV using the formula suggested by Chemla and colleagues [2]. Left atrial volume index (LAVi) was estimated with the disc summation algorithm (Simpson’s technique) in a biplane approach from the apical four-chamber and two-chamber view[1]. Valvular regurgitation was qualitatively assessed using colour-Doppler, and whenever regurgitation was more than mild, it was quantified using the width of the vena contracta and the effective regurgitant orifice area[4]. Valvular stenosis was assessed using continuous-wave Doppler and quantified using peak transvalvular velocity and mean transvalvular pressure gradient[5]. All measurements were reported as the average of three beats for patients with normal sinus rhythm and five beats for patients with atrial fibrillation.
Speckle tracking echocardiography (STE). We measured LV global longitudinal strain (GLS) from the apical long-axis view and two- and four-chamber views, ensuring a frame rate >50 Hz (2D strain analysis, TomTec Imaging Systems, Unterschleissheim, Germany). We reported the average LV GLS values at rest from the three apical views. We excluded poorly tracked segments, and patients were not analysed if more than one segment per view was deemed unacceptable. We measured the left atrial (LA) reservoir strain using the same software as the strain average in six segments in the four-chamber and two-chamber views, ensuring a frame rate >50 Hz. LA strain was measured using the QRS as the fiducial point. STE-derived measurements were reported as the average of three beats, and all measurements were performed offline by expert readers blinded to clinical and other instrumental data, according to our previously validated protocol[6,7].
[bookmark: _Hlk531692219]Cardiopulmonary exercise test (CPET) protocol. A symptom-limited graded ramp bicycle exercise test was performed in the semi-supine position on a tilting, dedicated, microprocessor-controlled stress echocardiography cycle ergometer (Ergoline ergoselect 2000 GmbH, Germany). A 12-lead electrocardiogram and non-invasive arterial saturation were monitored continuously. BP was manually measured in the right arm using standard auscultatory methods, with cuff inflation/deflation every 2 minutes throughout the test. The subject was instructed to let go of the handlebars with both arms and let the right arm hang loosely during measurement. SBP was recorded at the appearance of the first Korotkoff sound. We estimated the expected peak oxygen consumption (VO2) using Wasserman and Hansen equations, knowing that the formula might underperform in heart failure with preserved ejection fraction (HFpEF)[6,8]. Then, we calculated the work rate increment necessary to reach the patient’s estimated peak VO2 in 8 to 12 min. The protocol included two minutes of unloaded pedalling and four minutes of recovery after peak effort. Breath-by-breath minute ventilation, carbon dioxide production (VCO2), and VO2 were measured using a dedicated cardiopulmonary diagnostic device (Blue Cherry, Geratherm Respiratory GmbH, Germany). Peak VO2 was the highest average of 30s VO2 during exercise. An automatic procedure determined the anaerobic threshold (AT) based on the V-slope, ventilatory equivalents and end-tidal partial pressure methods; AT was verified visually and, if necessary, recalculated[6,8]. The chronotropic response was calculated as the change in HR from rest to peak exercise, divided by the difference between age-predicted maximal HR and resting HR (i.e., HR reserve). Chronotropic incompetence was the failure to achieve ≥80% of HR reserve during exercise[9]. In patients on β-blockers or calcium-channel blockers, chronotropic incompetence was defined whenever <62% of HR reserve was reached[9]. HR recovery was defined as the difference between peak HR and HR at the first minute of recovery.
[bookmark: _Hlk74825971]Exercise stress echocardiography (ESE) protocol. Images were acquired concurrently with breath-by-breath gas exchange measurements at rest, after the first 4 min of exercise (intermediate effort), and at peak effort (the subject was instructed to raise her/his left arm when reaching near-maximal exertion). Data collected at each stage included LV volumes, SV, peak transvalvular velocity, mean transvalvular pressure gradient, E-wave and A-wave velocities, tissue Doppler imaging (TDI)-derived S’ and e’ at the septal and lateral mitral annulus, tricuspid regurgitation velocity, tricuspid annular plane systolic excursion (TAPSE). The mPAP/CO slope was calculated by linear regression through 3 data points (mPAP and CO at rest, intermediate and peak exercise).
Cell and cell-free mitochondrial DNA copy number measurement protocol. The circulating mtDNA profile was assessed according to a previously published protocol [10]. Each patient underwent a simultaneous collection of whole blood and plasma samples. To avoid potential circadian variability [11], the blood draw collection was collected simultaneously at rest and after overnight fasting. For the whole blood samples, we extracted genomic DNA using Qiagen QIAamp® DNA Mini Kit (Qiagen, Milan, Italy), according to the manufacturer’s instructions. The initial volume was 200 µL. After the extraction, total DNA concentration was measured by NanoDrop (Thermofisher, Milan, Italy), and samples were eluted with 50 µL of elution buffer and then diluted with nuclease-free H2O to the concentration of 10 ng/µL. For plasma EDTA samples, we extracted genomic DNA using QIAamp MinElute Virus Spin Kit (Qiagen, Milan, Italy), according to the manufacturer’s instructions and then eluted with a standard volume (30 µL) of elution buffer and then diluted with nuclease-free H2O to the concentration of 10 ng/µL. Custom mtDNA standards to allow absolute quantification via copy number (CN) were prepared via polymerase chain reaction (PCR) using Quantstudio1 device (Thermofisher, Milan, Italy) for amplification of target sequences (Table S1). Reaction was performed with 12.5 μL of 2xDreamTaq PCR Master Mix (Qiagen, Milan, Italy), 0.5 μL of forward and reverse primer (from 10 μM stocks), 10.5 μL nuclease-free H2O and 1 μL of DNA template. This was followed by an electrophorese gel (1% agarose) run, band excision and DNA purification via QIAquick Gel Extraction Kit (Qiagen, Milano, Italy), followed by DNA concentration assessed by NanoDrop (Thermofisher, Milan, Italy). DNA standard containing 108 to 102 copies of genomic DNA was then prepared by consecutive tenfold dilution using a transfer RNA carrier (Thermofisher, Milan, Italy) to avoid loss of genomic material.
Real-time quantitative polymerase chain reaction (qPCR) was carried out using 2 µL of 10 ng/µL sample (obtained after dilution with nuclease-free water), using 0.5 µL of forward and reverse primer (from 10 μM stocks) for a specific mitochondrial region, HMITO (Supplemental Table 1) and a nuclear housekeeping gene, HB2M (Invitrogen, Milan, Italy), 2 µL of nuclease-free a H2O and 5 µL of PowerTrack™ SYBR™ Green Master Mix (Thermo Scientific, Milan, Italy), in a total volume of 10 µL. 
Supplemental Table 1. Primer sequences for PCR and qPCR. 
	Primer name
	5’à3’

	HMITO forward
	CACTTTCCACACAGACATCA

	HMITO reverse
	TGGTTAGGCTGGTGTTAGGG

	HB2M forward
	TGTTCCTGCTGGGTAGCTCT

	HB2M reverse
	CCTCCATGATGCTGCTTACA



Supplemental Figure 1. Standard calibration curves for HMITO and HB2M genes. Fit curve equation, R2 and efficiency are reported in the graph for each gene.
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The qPCR protocol was: 10 minutes at 90°, 30 cycles of 94°C (30 s), 60°C (30 s), 72°C (90 s), 72°C (7 min), followed by hold stage at 4°C. qPCR was not considered valid if qPCR efficiency was outside the 0.9-1.1 range. Absolute quantification was performed via comparison to custom standards, as described above; calibration curves are reported in Supplemental Figure 1. We calculated the intracellular content of mtDNA by normalising the total circulating mtDNA content in whole blood samples to genomic DNA. To do this, we first calculated the absolute CN of total mtDNA and nuclear DNA using the mitochondrial-specific region (HMITO) and the nuclear-specific gene (HB2M). We then calculated the mtDNA/nuclear DNA ratio by dividing the total mtDNA CN (HMITO CN) by half the nuclear DNA CN (HB2M CN), assuming that two copies of nuclear DNA represent one cell. The obtained value represents the average number of mtDNA copy number within each cell (cell mtDNA, unit of measure: CN/cell). Cell-free mtDNA CN was calculated as reported in the literature [10], correcting the obtained CN for the elution volume, dilution volume, qPCR sample volume and initial sample volume, obtaining a final measure of cell-free mtDNA-CN per nL of plasma (cell-free mtDNA, unit of measure: CN/ nL of plasma). To get a synthetic index of mitochondrial efficiency, we then calculated the ratio of cell mtDNA to cell-free mtDNA (mtDNA ratio). This index would reflect the activation of intracellular mitochondrial pathways standardised per cell and normalised for the overload of mitochondrial pathways (per nL of plasma), i.e. the demand for mitochondrial activation that surpass the physiologic capacity of mitochondria and leads to the activation of mitochondrial-related inflammatory pathways via the release of cell-free mtDNA [mtDNA ratio, unit of measure: (CNmtDNAcell/cell)/(CN mtDNAcell-free/nL of plasma)]. 
Finally, we assessed the mtDNA profile in n=10 control subjects without cardiovascular disease and exposure to cardiovascular risk factors (other than older age) to serve as a reference for normal mtDNA values (Supplemental Table 2). 

Supplemental Table 2. Mitochondrial DNA profile in n=10 healthy subjects with no cardiovascular disease and exposure to cardiovascular risk factors other than older age.	
	Variable
	Healthy
n=10

	Demographics
	

	Age, years
	56 (42 - 62)

	Male
	6 (60)

	Mitochondrial DNA
	

	Cell mtDNA, copies/cell
	64.5 (58.5 – 68.3)

	Cell-free mtDNA, copies/nL
	0.3 (0.3 – 0.5)

	mtDNA ratio
	183.7 (138.8 – 248.9)



Supplemental Table 3. ROC analyses comparing circulating mtDNA versus conventional cardiometabolic biomarkers for predicting ≥2 ultrasound (US) signs of congestion.
	Variable
	AUC
	95% CI

	Cell-free mtDNA, copies/nL
	0.711
	0.621 to 0.790

	mtDNA ratio
	0.737
	0.648 to 0.813

	NT-proBNP, pg/mL
	0.753
	0.630 to 0.869

	Triglycerides, mg/dL
	0.668
	0.546 to 0.790

	HbA1c, mmol/mol
	0.751
	0.636 to 0.866



Supplemental Table 4. Pairwise comparison of ROC curves for predicting ≥2 ultrasound (US) signs of congestion.
	Cell-free mtDNA ~ mtDNA_ratio

	Difference between areas 
	0.026

	95% Confidence Interval
	-0.079 to 0.140

	Significance level
	P = 0.586

	Cell-free mtDNA ~ NT-proBNP _

	Difference between areas 
	0.042

	95% Confidence Interval
	-0.112 to 0.214

	Significance level
	P = 0.540

	Cell-free mtDNA ~ Triglycerides

	Difference between areas 
	0.043

	95% Confidence Interval
	-0.104 to 0.152

	Significance level
	P = 0.713

	Cell-free mtDNA ~ HbA1c

	Difference between areas 
	0.040

	95% Confidence Interval
	-0.081 to 0.198

	Significance level
	P = 0.410

	mtDNA ratio ~ NT-proBNP _

	Difference between areas 
	0.016

	95% Confidence Interval
	-0.108 to 0.149

	Significance level
	P = 0.753

	mtDNA_ratio ~ Triglycerides

	Difference between areas 
	0.049

	95% Confidence Interval
	-0.093 to 0.202

	Significance level
	P = 0.471

	mtDNA_ratio ~ HbA1c

	Difference between areas 
	0.014

	95% Confidence Interval
	-0.108 to 0.164

	Significance level
	P = 0.684




















Supplemental Table 5. ROC analyses comparing circulating mtDNA versus conventional cardiometabolic biomarkers for predicting peak oxygen consumption (VO2) <16 mL/kg/min.
	Variable
	AUC
	95% CI b

	Cell-free mtDNA, copies/nL
	0.692
	0.585 to 0.787

	mtDNA ratio
	0.732
	0.627 to 0.823

	NT-proBNP, pg/mL
	0.795
	0.684 to 0.905

	Triglycerides, mg/dL
	0.664
	0.537 to 0.791

	HbA1c, mmol/mol
	0.667
	0.551 to 0.793

	LDL, mg/dL
	0.665
	0.540 to 0.790



Supplemental Table 6. Pairwise comparison of ROC curves for predicting peak oxygen consumption (VO2) <16 mL/kg/min.
	Cell-free mtDNA ~ mtDNA ratio

	Difference between areas 
	0.040

	95% Confidence Interval
	-0.007 to 0.115

	Significance level
	P = 0.092

	Cell-free mtDNA ~ NT-proBNP

	Difference between areas 
	0.103

	95% Confidence Interval
	0.00780 to 0.224

	Significance level
	P = 0.140

	Cell-free mtDNA ~ Triglycerides _

	Difference between areas 
	0.028

	95% Confidence Interval
	-0.133 to 0.214

	Significance level
	P = 0.650

	Cell-free mtDNA ~ HbA1c

	Difference between areas 
	0.025

	95% Confidence Interval
	-0.137 to 0.223

	Significance level
	P = 0.637

	Cell-free mtDNA ~ LDL

	Difference between areas 
	0.027

	95% Confidence Interval
	-0.145 to 0.228

	Significance level
	P = 0.665

	mtDNA ratio ~ NT-proBNP

	Difference between areas 
	0.063

	95% Confidence Interval
	-0.0480 to 0.282

	Significance level
	P = 0.164

	mtDNA ratio ~ Triglycerides

	Difference between areas 
	0.068

	95% Confidence Interval
	-0.165 to 0.193

	Significance level
	P = 0.880

	mtDNA ratio ~ HbA1c

	Difference between areas 
	0.065

	95% Confidence Interval
	-0.166 to 0.187

	Significance level
	P = 0.906

	mtDNA ratio ~ LDL _

	Difference between areas 
	0.067

	95% Confidence Interval
	-0.166 to 0.191

	Significance level
	P = 0.889
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