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Supplementary	Table	1.	Overview	of	the	UK	Biobank	brain	MRI	protocol	(31	minutes	total	scan	time).	1100	

Modality	 Duration	 Voxel,	Matrix	 Key	Parameters	

T1	 4:54	
1.0x1.0x1.0	mm	
208x256x256	

3D	MPRAGE,	sagittal,	R=2,	TI/TR=880/2000	ms	

T2	FLAIR	 5:52	
1.05x1.0x1.0	mm	
192x256x256	

FLAIR,	3D	SPACE,	sagittal,	R=2,	PF	7/8,	fat	sat,	
TI/TR=1800/5000	ms,	elliptical	

swMRI	 2:34	
0.8x0.8x3.0	mm	
256x288x48	

3D	GRE,	axial,	R=2,	PF	7/8	TE1/TE2/TR=9.4/20/27	
ms,		

dMRI	 7:08	
2.0x2.0x2.0	mm	
104x104x72	

MB=3,	R=1,	fat	sat,	b=0(5x	+	3x	phase-encoding-
reversed),	1000(50x),	2000(50x)	

rfMRI	 6:10	
2.4x2.4x2.4	mm	
88x88x64	

TE/TR=39/735	ms,	MB=8,	R=1,	flip	angle	52°,	fat	sat	

tfMRI	 4:13	
2.4x2.4x2.4	mm	
88x88x64	

Acquisition	same	as	rfMRI.	Task	is	faces/shapes	
“emotion”	task.	

R	 =	 in-plane	 acceleration	 factor,	 MB	 =	 multiband	 factor,	 PF=partial	 Fourier.	 All	 non-EPI	 scans	 are	 pre-scan	1101	
normalized	 (on-scanner	 bias-field	 corrected).	 Gradient	 distortion	 correction	 is	 turned	 off	 on	 the	 scanner	 and	1102	
applied	in	post-processing.	1103	
	1104	
	1105	
Supplementary	Figure	1			Asymptotic	behavior	of	group	average	images	and	correlations	with	age,	with	increasing	1106	
numbers	 of	 subjects.	 	 (a)	Resting-state	network	group-averages	 formed	 from	5	different	group	sizes.	 Individual	subjects'	1107	
preprocessed	 resting-state	 data	were	 used	 to	 generate	 subject-specific	 effect-size	maps	 (arbitrary	 but	 consistent	 units	 of	1108	
resting	activity	strength)	of	one	of	the	low-dimensional	resting-state	networks	(the	default	mode	network,	here	shown	with	1109	
both	positive=red	and	negative=blue	involvement	in	this	network,	with	the	same	color-coding	and	thresholding	applied	in	all	1110	
cases).	These	were	then	averaged	across	subjects	for	a	range	of	subject	numbers.	Increasing	n	suppresses	background	noise	1111	
as	 expected,	 and	 the	 non-noise	 network	 structure	 asymptotes	 towards	 a	 constant	map	 as	 n	 rises	 over	 100.	 Although	 any	1112	
imperfections	 in	 functional	 spatial	 alignment	across	 subjects	 limits	 the	 sharpness	of	 the	asymptotic	group-average,	 as	n	 is	1113	
raised	even	further	to	5000,	there	is	no	sign	of	a	degradation	(e.g.,	blurring)	of	the	group-average	map	(compared	with	lower	1114	
subject	numbers),	 as	 expected.	 (b-d)	Voxelwise	 correlation	of	 the	 same	 resting-state	network	with	 increasing	 subject	 age,	1115	
again	to	 illustrate	the	statistical	effect	of	 increasing	the	number	of	subjects	used.	 	 (b)	The	age	correlation	map	when	using	1116	
5000	subjects;	with	increasing	age	the	correlations	are	dominantly	negative,	indicating	a	weakening	of	this	cognitive	network	1117	
(r>0.1,	Pcorrected<10-10).		(c)	The	10	voxels	having	the	strongest	(positive	or	negative)	correlation	with	age,	that	are	also	at	least	1118	
10mm	distant	from	each	other,	are	used	to	form	10	plots	of	age-correlation	against	number	of	subjects	used	in	the	correlation,	1119	
from	10	to	5000	subjects.	As	expected,	the	plots	asymptote,	with	increasing	subject	numbers,	towards	the	"true"	final	value,	1120	
with	 noticeable	 instability	 up	 to	 as	 many	 as	 2000	 subjects.	 	 (d)	 From	 the	 same	 10	 sets	 of	 correlations,	 the	 statistical	1121	
significance	 (-log10(P))	 is	 shown.	Whereas	 r	 asymptotes	 towards	 its	 true	 final	 constant	 value	with	 increasing	 n,	 statistical	1122	
significance	(for	a	non-null	correlation)	has	an	ever-increasing	trend	with	increasing	n.		(e)	Theoretical	relationship	between	1123	
increasing	 statistical	 power	 and	 subject	 numbers,	 assuming	 a	 true	 correlation	 between	 any	 two	 variables	 of	 r=0.1.	 As	 n	1124	
increases	(here	up	to	7000),	 the	number	of	distinct	 tests	 that	will	pass	Bonferroni	multiple-comparison	correction	rises	 to	1125	
very	large	numbers	-	here	up	to	around	1015.	1126	
	1127	
Supplementary	Figure	2			Visualisation	of	2.8	million	univariate	cross-subject	association	tests	between	2501	IDPs	1128	
and	1100	other	variables	in	the	UK	Biobank	database,	showing	variance	explained	on	the	y	axis.	Whereas	the	version	1129	
of	 this	plot	 in	Figure	6	 reported	 statistical	 significance	 (-log10(P)),	 here	we	 show	variance	explained	 (r2).	The	 relationship	1130	
between	P	and	r	is	not	here	exactly	a	fixed	one-to-one	mapping,	due	to	the	different	numbers	of	valid	(non-missing)	data	in	1131	
different	pairs	of	variables	being	 tested.	The	Manhattan	plot	 shows,	 for	each	of	 the	1100	non-brain-imaging	variables,	 the	1132	
strongest	r2	association	of	that	variable	with	each	distinct	imaging	sub-modality’s	IDPs.	(i.e.,	6	results	plotted	for	each	x	axis	1133	
position,	each	with	a	color	indicating	a	brain	imaging	modality;	this	plot	differs	from	the	other	Manhattan	plots,	which	show	1134	
correlations	with	all	IDPs).		1135	
	1136	
Supplementary	Figure	3			Visualisation	of	modes	1,	2	and	3	from	the	doubly-multivariate	CCA-ICA	analyses	across	all	1137	
IDPs	 and	 non-brain-imaging	 variables.	 (a)	Mode	 1	 links	 physical	measures	 of	 body	 size,	metabolic	 rate	 and	 hand	 grip	1138	
strength	to	brain	structure	sizes	and	a	range	of	dMRI-derived	measures.	(b)	Mode	2	primarily	links	bone	density	measures	to	1139	
brain	structure	sizes,	T2*	levels	and	a	range	of	dMRI-derived	measures.	(c)	Mode	3	primarily	links	measures	of	body	fat	to	1140	
T2*	levels	and	resting-state	activity	fluctuation	amplitudes.	As	seen	in	Fig	8a,	modes	1	and	2	are	associated	with	aging	(and	1141	
sex),	 while	mode	 3	 is	 not	 strongly	 associated;	 from	8b,	 we	 see	 that	modes	 1	 and	 (more	 strongly)	 3	 are	 associated	with	1142	
hypertension.	1143	
	1144	
Supplementary	Figure	4			Visualisation	of	modes	4,	5	and	6	from	the	doubly-multivariate	CCA-ICA	analyses	across	all	1145	
IDPs	 and	 non-brain-imaging	 variables.	 (a)	 Mode	 4	 links	 cardiac	 measures	 (including	 heart	 rate)	 to	 resting-state	1146	
amplitudes	and	connectivities	(rfMRI	summary	images	are	shown	larger	in	Supp	Fig	5).	observing	these	3	types	of	measures	1147	


