Supplementary materials


Supplementary figure 1 – covariates scatterplots
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Supplementary figure 2 – vo2max-Locus Coeruleus association and gender variation
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Supplementary Figure 3 reporting the relationship between BrainPAD and Locus Coeruleus signal intensity in a sample of 41 healthy subjects (age range 60-72). Results are covaried for Age, Gender, Education, Total Intracranial Volume for P>0.01 and P>0.001*. The upper portion of the figure, along with the scatterplot shows the Bayesian modelling revealing the “extreme” evidence supporting such association, namely, greater LC integrity related to reduced grey matter degeneration. The lower portion of the figure show the 3D reconstruction of the LC findings on a 3D reconstruction of the Brian. The LC cluster is displayed on the LC omni-comprehensive mask by Plini et al. 2021,  and its spatial extent is compared with the previously published LC atlases and masks. 
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Supplementary Figure 4 reporting the relationship between TOSL and Locus Coeruleus signal intensity in a sample of 41 healthy subjects (age range 60-72). Results are covaried for Age, Gender, Education, Total Intracranial Volume for P>0.01 and P>0.001*. The upper portion of the figure, along with the scatterplot shows the Bayesian modelling revealing the “very strong” supporting such association, namely, greater LC integrity related to greater cognitive functioning. The lower portion of the figure show the 3D reconstruction of the LC findings on a 3D reconstruction of the Brian. The LC cluster is displayed on the LC omni-comprehensive mask by Plini et al. 2021,  and its spatial extent is compared with the previously published LC atlases and masks. 
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Supplementary Table 3 – Mediation analyses reporting the direct effect of Vo2Max on BrainPAD. The
mediation effect of the five ROIs of the neurommodulatory subcortical system between vo2max and
BrainPAD was not significant.



Direct	effects	



95%	Confidence	Interval



Estimate Std.	Error z-value p Lower Upper



MaxVO2 → BrainPAD 0.432 0.188 2.298 0.022 0.064 0.800



Note. Delta	method	standard	errors,	normal	theory	confidence	intervals,	ML	estimator.



Indirect	effects	
95%	Confidence	



Interval
Estimate Std.	Error z-value p Lower Upper



MaxVO2 → LC → BrainPAD -0.109 0.087 -1.261 0.207 -0.279 0.061
MaxVO2 → DR → BrainPAD 0.041 0.071 0.574 0.566 -0.098 0.179
MaxVO2 → MR → BrainPAD -0.024 0.039 -0.613 0.540 -0.099 0.052
MaxVO2 → VTA → BrainPAD -0.034 0.067 -0.507 0.612 -0.166 0.098
MaxVO2 → NMB → BrainPAD -0.007 0.051 -0.148 0.883 -0.107 0.092



Note. Delta	method	standard	errors,	normal	theory	confidence	intervals,	ML	estimator.



Total	effects	



95%	Confidence	Interval



Estimate Std.	Error z-value p Lower Upper



MaxVO2 → BrainPAD 0.298 0.195 1.527 0.127 -0.085 0.680



Note. Delta	method	standard	errors,	normal	theory	confidence	intervals,	ML	estimator.



Total	indirect	effects	



95%	Confidence	Interval



Estimate Std.	Error z-value p Lower Upper



MaxVO2 → BrainPAD -0.134 0.133 -1.008 0.313 -0.395 0.127



Note. Delta	method	standard	errors,	normal	theory	confidence	intervals,	ML	estimator.
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mediationeffectofthefiveROIsoftheneurommodulatorysubcorticalsystembetweenvo2maxand

BrainPADwasnotsignificant.

Direct	effects	

95%	Confidence	Interval

Estimate Std.	Error z-value p Lower Upper

MaxVO2 → BrainPAD 0.432 0.188 2.298 0.022 0.064 0.800
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Indirect	effects	

95%	Confidence	

Interval
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Total	effects	
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Estimate Std.	Error z-value p Lower Upper

MaxVO2 → BrainPAD 0.298 0.195 1.527 0.127 -0.085 0.680

Note.
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Total	indirect	effects	
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Estimate Std.	Error z-value p Lower Upper
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Note.

Delta	method	standard	errors,	normal	theory	confidence	intervals,	ML	estimator.
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VBM analyses table: Multiple Regression models relating BrainPAD to signal intensity of neurmodulatory subcortical system



Supplementary Table 1 shows the results for the VBM multivariate linear regression analyses testing the positive relationship between the five ROIs and BrainPAD. The
results across the n.41 healthy subjects are covaried for age, gender, total intracranial volume, education. The table reports the significant clusters of voxels predicting
BrainPAD values for the statistical threshold of p<0.05. Bayesian Factors (BF10) are reported as parameter of strength in brackets. Cluster of voxels surviving p<0.01 are
marked with *. Cluster of voxels surviving p<0.001 are marked with **. No clusters survived multiple comparison corrections (FWE).



Neuromodulatory system side MNI	coordinates
peak	T	
valuea



peak Z	
scoreb



peak	cluster	
Kec



p	value	
uncorrd FWEe FDRf



total	number	of	voxels		for	
p<0.05 with	max	BF10g



x y Z
BrainPAD
Locus	Coeruleus** right 4 -38 -22 3.72 3.39 12 0.000 1.000 1.005 140 (BF10		1573.36)
Dorsal Raphe* right 2 -30 -8 3.33 3.08 12 0.001 1.000 1.005 33	(BF10									10.54)
Median Raphe* right 2 -34 -20 2.52 2.40 6 0.008 1.000 1.005 3	(BF10									15.17)
Ventral Tegmental Area* right 4 -26 -16 3.62 3.32 5 0.000 1.000 1.005 21	(BF10					129.98)
Nucleus	Basalis	of	Meynert right 16 -6 -10 3.44 3.17 15 0.001 1.000 1.005 52	(BF10					144.97)



a)	Peak	T	value:	T	value	of	the	most	significant	cluster	of	contiguous	voxels
b)	Peak	Z-score:	Z-score	of	the	most	significant	cluster	of	contiguous	voxels
c)	Peak	cluster	Ke:	number	of	voxels	of	the	most	significant	cluster	of	contiguous	voxels
d)	P	value	uncorrected
e)	FWE	=	family	wise	error	correction	value
f)	FDR	=	false	discovery	rate	correction	value	(q)
g)	Total	number	of	voxels	outcoming	in	the	ROI	including	all	clusters	of	contiguous	voxels	(in	brackets	are	reported	Bayes	Factors)
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SupplementaryTable1

showstheresultsfortheVBMmultivariatelinearregressionanalysestestingthepositiverelationshipbetweenthefiveROIsandBrainPAD.The

resultsacrossthen.41healthysubjectsarecovariedforage,gender,totalintracranialvolume,education.Thetablereportsthesignificantclustersofvoxelspredicting

BrainPADvaluesforthestatisticalthresholdofp<0.05.BayesianFactors(BF

10

)arereportedasparameterofstrengthinbrackets.Clusterofvoxelssurvivingp<0.01are

markedwith*.Clusterofvoxelssurvivingp<0.001aremarkedwith**.Noclusterssurvivedmultiplecomparisoncorrections(FWE).

Neuromodulatorysystem side MNI	coordinates

peak	T	

value

a

peakZ	

score

b

peak	cluster	

Ke

c

p	value	

uncorr

d FWE

e

FDR

f

total	number	of	voxels		for	

p<0.05with	max	BF

10

g

x y Z

BrainPAD

Locus	Coeruleus

**

right 4 -38 -22 3.72 3.39 12 0.000 1.000 1.005

140

(BF

10		

1573.36)

DorsalRaphe* right 2 -30 -8 3.33 3.08 12 0.001 1.000 1.005 33	(BF
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a)	Peak	T	value:	T	value	of	the	most	significant	cluster	of	contiguous	voxels

b)	Peak	Z-score:	Z-score	of	the	most	significant	cluster	of	contiguous	voxels

c)	Peak	cluster	Ke:	number	of	voxels	of	the	most	significant	cluster	of	contiguous	voxels

d)	P	value	uncorrected

e)	FWE	=	family	wise	error	correction	value

f)	FDR	=	false	discovery	rate	correction	value	(q)

g)	Total	number	of	voxels	outcoming	in	the	ROI	including	all	clusters	of	contiguous	voxels	(in	brackets	are	reported	Bayes	Factors)
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VBM analyses table: Multiple Regression models relating TOSL to signal intensity of neurmodulatory subcortical system



Supplementary Table 2shows the results for the VBM multivariate linear regression analyses testing the positive relationship between the five ROIs and TOSL. The
results across the n.41 healthy subjects are covaried for age, gender, total intracranial volume, education. The table reports the significant clusters of voxels predicting
TOSL values for the statistical threshold of p<0.05. Bayesian Factors (BF10) are reported as parameter of strength in brackets. Cluster of voxels surviving p<0.01 are
marked with *. Cluster of voxels surviving p<0.001 are marked with **. No clusters survived multiple comparison corrections (FWE).



Neuromodulatory system side MNI	coordinates
peak	T	
valuea



peak Z	
scoreb



peak	cluster	
Kec



p	value	
uncorrd FWEe FDRf



total	number	of	voxels		for	
p<0.05 with	max	BF10g



x y Z
TOSL
Locus	Coeruleus* left -4 -40 -34 3.14 3.14 12 0.002 1.000 1.005 95 (BF10		33.1)
Dorsal Raphe / 0 -32 -12 2.17 2.09 1 0.004 1.000 1.005 3	(BF10		4.93)
Median	Raphe right 2 -32 -24 2.80 2.64 29 0.004 1.000 1.005 29	(BF10		4.22)
Ventral Tegmental Area* right 4 -24 -18 3.29 3.05 2 0.001 1.000 0.999 5	(BF10		3.92)
Nucleus	Basalis	of	Meynert* left -22 -2 -8 2.68 2.54 3 0.870 1.000 1.005 14	(BF10		3.86)



a)	Peak	T	value:	T	value	of	the	most	significant	cluster	of	contiguous	voxels
b)	Peak	Z-score:	Z-score	of	the	most	significant	cluster	of	contiguous	voxels
c)	Peak	cluster	Ke:	number	of	voxels	of	the	most	significant	cluster	of	contiguous	voxels
d)	P	value	uncorrected
e)	FWE	=	family	wise	error	correction	value
f)	FDR	=	false	discovery	rate	correction	value	(q)
g)	Total	number	of	voxels	outcoming	in	the	ROI	including	all	clusters	of	contiguous	voxels	(in	brackets	are	reported	Bayes	Factors)
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SupplementaryTable2

showstheresultsfortheVBMmultivariatelinearregressionanalysestestingthepositiverelationshipbetweenthefiveROIsandTOSL.The

resultsacrossthen.41healthysubjectsarecovariedforage,gender,totalintracranialvolume,education.Thetablereportsthesignificantclustersofvoxelspredicting
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a)	Peak	T	value:	T	value	of	the	most	significant	cluster	of	contiguous	voxels

b)	Peak	Z-score:	Z-score	of	the	most	significant	cluster	of	contiguous	voxels

c)	Peak	cluster	Ke:	number	of	voxels	of	the	most	significant	cluster	of	contiguous	voxels

d)	P	value	uncorrected

e)	FWE	=	family	wise	error	correction	value

f)	FDR	=	false	discovery	rate	correction	value	(q)

g)	Total	number	of	voxels	outcoming	in	the	ROI	including	all	clusters	of	contiguous	voxels	(in	brackets	are	reported	Bayes	Factors)


