Supplementary Material

Supplementary Figure 1. Histogram of the day differences between EEG and MRI acquisition points. While the averaged (absolute) day difference across participants was 23.4 days, the minimum day was 0, maximum was 175 days. 
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All variables in the supplementary Figure 2 are presented as mean (M) ± standard deviation (SD). Before the statistical analyses, we used the Box-Cox method (λ value) (Sakia, 1992) to determine the type of transformation on the parameters of alpha oscillations. Since the majority of the variables after the necessary transformation did not pass Shapiro-Wilk normality tests at the 0.05 significance level, we decided to keep the original values. 
Supplementary Figure 2. The four histograms show the distribution of A) normalized total white matter hyperintensity (WMH), B) individual alpha peak frequency (IAPF), C) relative alpha power, and D) long-range temporal correlation (LRTC) averaged across 31 EEG channels. E) Note that total WMH volume log-transformed for further analyses.
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Supplementary Figure 3. Grand-average topographic maps of alpha band measures in EEG. 
A) Individual alpha peak frequency (Hz); B) Relative alpha power (%, ratio); C) Long-range temporal correlations (v). D) Individual alpha peak frequency E) relative alpha power F) Long range temporal correlations at EEG source space across 68 regions based on Desikan-Killiany Atlas.
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Supplementary Figure 4. Association between age (x-axis) and total white matter hyperintensity (WMH, y-axis) in LIFE-Adult sample (N=907). There was a significant correlation between age and total WMH (r=0.374, p<0.001 in all; r=0.376, p<0.001 in females; r=0.355, p<0.001 in males). Note that Total WMH volume was further normalized by total intracranial volume and log-transformed.
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Açıklama otomatik olarak oluşturuldu]

Supplementary Figure 5. Association between age (x-axis) and regional white matter hyperintensity as the ratio of deep WMH and periventricular WMH (y-axis) in LIFE-Adult sample (N=907) (r=0.03, p=0.354 in all; r=-0.005, p=0.912 in females; r=0.038, p =0.379 in males)
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Supplementary Figure 6. Association between age (x-axis, in years) and individual alpha peak frequency (IAPF, y-axis, in Hz) in different regions of EEG. The correlations between two measures were significant after FDR correction and none of the pairwise correlations differed from each other. Abbr.: F- female, M-male
· Frontal (r=-0.16, p<0.001 in all, r=-0.147, p=0.004 in females, r=-0.16, p=0.0001 in males)
· Central (r=-0.130, p<0.001 in all, r=-0.12, p=0.01 in females, r=-0.12, p=0.004 in males)
· Left temporal (r=-0.17, p<0.001 in all, r=-0.166, p=0.001 in females, r=-0.168, p=0.0001 in males)
· Right Temporal (r=-0.156, p<0.001 in all, r=-0.141 p=0.006 in females; r=-0.146, p=0.0009 in males)
· Parietal (r=-0.158, p<0.001 in all, r=-0.144 p=0.005 in females; r=-0.143, p=0.001 in males)
· Occipital (r=-0.170, p<0.001 in all, r=-0.13, p=0.01 in females, r=-0.164, p=0.0001 in males)
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Supplementary Figure 7. Association between age (x-axis, in years) and relative alpha power (y-axis, ratio expressed in %) in different EEG regions. The correlations between two measures were not significant after FDR correction and none of the pairwise correlations differed from each other. Abbr.: F- female, M-male
· Frontal (r=0.010, p=0.742 in all, r=0.008, p=0.868 in females, r=-0.008, p=0.837 in males)
· Central (r=0.009, p=0.850 in all, r=0.012, p=0.781 in females, r=0.019, p=0.565 in males)
· Left temporal (r=0.0065, p=0.048 in all; r=0.098, p=0.056 in females, r=0.027, p=0.52 in males)
· Right Temporal (r=0.071, p=0.03 in all, r=0.090, p=0.07 in females; r=0.040, p=0.355 in males)
· Parietal (r=0.04, p=0.16 in all, r=0.033, p=0.51 in females, r=0.02, p =0.62 in males)
· Occipital (r=0.016, p=0.61 in all, r=0.001, p=0.98 in females, r=0.016, p=0.69 in males)
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Supplementary Figure 8. Association between age (x-axis, in years) and scaling exponent (v) for long-range temporal correlations LRTC, y-axis) in different EEG regions (represented in different colors). The correlations between two measures were not significant after FDR correction.
· Frontal (r=0.02, p=0.540 in all, r=0.04, p=0.409 in females, r=-0.04, p=0.312 in males)
· Central (r=0.04, p=0.288 in all, r=0.07, p=0.166 in females, r=0.05, p=0.192 in males)
· Left temporal (r=0.05, p=0.109 in all; r=0.098, p=0.07 in females, r=0.07, p=0.09 in males)
· Right Temporal (r=0.071, p=0.03 in all, r=0.08, p=0.112 in females; r=0.040, p=0.355 in males)
· Parietal (r=0.04, p=0.248 in all, r=0.06, p=0.284 in females, r=0.06, p =0.127 in males)
· Occipital (r=0.023, p=0.513 in all, r=0.03, p=0.558 in females, r=0.05, p=0.252 in males)
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Supplementary Figure 8. A median split was performed based on the log-transformed total WMH volume (whole-brain) using dicho function in R (N: higher WMH = 454, N: lower WMH = 453). We then assessed the association between total WMH and relative alpha power in different ROIs separately for higher and lower WMH groups.
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Supplementary Table 1. Positive correlation between the probability of white matter hyperintensity (WMH) occurrence and relative alpha power (%) at EEG source space. Peak voxel MNI coordinates (x, y, z) and cluster size (k) for the association between WMHs probability and relative alpha power for five regions of interest for each hemisphere at source space across 855 older adults (TFCE, p < 0.05, FWE-corrected). 

	EEG Region 
	MRI Region
	x
	y
	z
	k 
	T-value

	Left Frontal 
	Right Posterior Corona Radiata /
Right Anterior Thalamic Radiation
	21
	-46
	36
	219
	4.38

	Right Cingulate
	Right Anterior Thalamic Radiation /
Right Anterior Thalamic Radiation
	22
	-49
	37
	2310
	4.33

	
	Left Superior Corona Radiata
	-22
	6
	31
	655
	4.29

	 
	Right Superior Corona Radiata
	29
	-46
	26
	359
	3.65

	Left Cingulate
	Right Anterior Thalamic Radiation / 
Right superior Longitudinal Fasciculus
	22
	-49
	37
	3280
	4.44

	
	Left Superior Corona Radiata
	-22
	6
	31
	597
	4.33

	Right Temporal
	Right Anterior Thalamic Radiation
	20
	-50
	36
	4669
	4.57

	
	Left Anterior Corona Radiata
	-18
	18
	27
	2044
	4.14

	
	Right Inferior Fronto-occipital Fasciculus
	34
	-49
	0
	129
	3.68

	Left Temporal
	Right Anterior Thalamic Radiation
	20
	-50
	36
	602
	4.63

	
	Body of Corpus Callosum
	16
	-5
	36
	279
	3.63

	
	Right Posterior Corona Radiata
	19
	-30
	35
	132
	4.13

	Right Parietal
	Right Anterior Thalamic Radiation
	20
	-50
	36
	3983
	4.72

	
	Left Superior Corona Radiata
	-19
	11
	28
	824
	3.98

	
	Left Superior Longitudinal Fasciculus
	-24
	-12
	40
	210
	4.12

	Left Parietal
	Right Superior Corona Radiata/Left Corticospinal Tract
	19
	-25
	36
	634
	3.91

	
	Right Anterior Thalamic Radiation
	20
	-50
	36
	618
	4.75

	Right Occipital
	Right Superior Corona Radiata
	18
	-19
	37
	8339
	4.45

	
	Left Superior Corona Radiata
	-19
	9
	29
	1070
	4.41

	
	Left Posterior Corona Radiata/Anterior Thalamic Radiation
	-24
	-27
	31
	100
	3.94

	Left Occipital
	Right Superior Corona Radiata
	18
	-19
	37
	7304
	4.29

	
	Left Superior Corona Radiata
	-19
	9
	29
	450
	4.19

	
	Right Inferior Fronto-occipital Fasciculus
	34
	-37
	-4
	175
	3.94

	
	Left Superior Corona Radiata
	-20
	-6
	32
	133
	3.66





Supplementary Table 2. Mediation effect of total WMH volume on the association between relative alpha power at EEG sensor space and cognition, measured by trail making test (TMT), corrected by age and sex. While the indirect or mediation effect shows whether relative alpha power was associated with TMT-A or -B through a mediator (total WMH volume, log transformed), total effect is the sum of indirect and direct effect (relative alpha power on TMT-A or TMT-B). The indirect effect was considered significant if the corresponding 99% bootstrap CIs did not include zero, marked in bold.

	Cognition
	EEG Region
	frontal
	central
	right temporal
	left temporal
	parietal
	occipital

	
	 
	β
	p or 99.5% CI
	β
	p or 99.5% CI
	β
	p or 99.5% CI
	β
	p or 99.5% CI
	β
	p or 99.5% CI
	β
	p or 99.5% CI

	
	Total effect c 
	-0.739
	0.81
	-1.658
	0.56
	0.891
	0.7828
	-0.669
	0.85
	-1.180
	0.65
	-3.596
	0.15

	TMT-A
	Mediation effect a*b 
	0.270
	[-0.333, 1.133]
	0.236
	[-0.362, 1.07]
	1.071
	[0.123, 2.539]
	0.270
	[-0.357, 1.24]
	0.160
	[-0.25, 0.76]
	0.280
	[-0.307, 1.111]

	
	Direct effect c’ 
	-1.009
	0.74
	-1.894
	0.51
	-0.181
	0.956
	-0.939
	0.78
	-1.020
	0.70
	-3.876
	0.12

	
	Total effect c 
	12.741
	0.157
	8.763
	0.349
	7.519
	0.435
	8.808
	0.380
	7.446
	0.40
	7.897
	0.308

	TMT-B
	Mediation effect a*b 
	3.399
	[0.252, 7.896]
	2.978
	[-0.703, 7.472]
	2.879
	[-0.055, 7.123]
	2.206
	[-0.285, 6.218]
	2.064
	[-0.14, 6.38]
	2.072
	[-0.02, 5.707]

	
	Direct effect c’ 
	9.342
	0.300
	5.785
	0.540
	4.639
	0.626
	6.602
	0.518
	5.382
	0.53
	5.824
	0.456






image5.png
75 80

70
Age (years)

60

a i @ ®
(powioysuen-301) HINM [€10}

= male = female




image6.png
o, o.o
2 een .,

dWMH/pvWMH (log-transforme

60 65 70 75 80
Age (years)

= male = female





image7.emf
—_
[\

[
[
L

—_ — —
O (=] — [\

IAPF in central region (Hz)

~
N
s
N—
g
o
o=
on
o
~= 10+
—
8
o o =
o o0 . L4 ' ° o 12-
. 2 e, e ¢ & 9
© s - N o° 0 0% o [ ™ : ° ° S
o.. ° ° Q’eo” o« ° e‘ao o 11'
° ° o .s e oo, “.:' . S g | A 8
® © L 3 R o o® . % %o o > °
" 0:0 s?n? ﬂege g'o.e&"o}ﬂ- 6%,"9 P °°e ° ﬁ
SRR I Ik I ‘;%"o ?’i:-" o3 el coang Tee e oo, l§ 101
: 8o (90 f: ;%@ b 2 -

A T A IO
‘a o a ©

S

IAPF in right temporal region (Hz)

Y DD
‘;‘:‘;a’ ’:Q. ..ﬁ ° °§'°c.:~.§€. ‘?8?.W e.: 'o% T 09'.09 ° b ® F 9-
Qomo *le »o $ {?.9*"0 :g 8 o (T3 %.,e ° o %% o, o
”e o o © L4 ’0“09 4 A Ce g% 0%’ o e o° ]
eo 90 - ° o LI ) a. (] ° o ° . - ]
) ! ® o e Poe > o 80 N ”o'f g
4 * 7
60 65 70 75 80 60 65 70 75 80

Age (years) Age (years)

[APF in left temporal region (Hz)
©  © = = 0B

~

—_
\9)

[
—_
L

—
(=)

o

o]

IAPF in parietal region (Hz)

—_
—_
L

60 65 70 75 80
Age (years)

60 65 70 75 80
Age (years)

o

IAPF in occipital region (Hz)
o S

60 65 70 75 80
Age (years)









M

F

F

M

M

F

F

M

M

F

M

F


image8.jpg
2 5 Z

Relative power in central region (ratio)

Relative power i ef emporal rgion (atio)

=

g

Relative power i frontal region (ratio)
2

Relative power in occipital region (ratio)

Relative power i right temporal region (ratio

‘Rewuve power i panctal egion (ratio)

70
Age (years)

7





image9.emf
=
&)

LRTC in central region (AU)
=

s o o ©
[«) S e <o)

LRTC in left temporal region (AU)
o

—_
(=)

e
N

—_
[}

60 65 70 75 80
Age (years)
M
= ¢
60 65 70 75 80
Age (years)

—_
\S]

o
o0

LRTC in frontal region (AU)

LRTC in occipital region (AU)

—_
(=]

-
o

—_
o

60 65 70 75 80
Age (years)

—_— —
=l —
L L

<
)

<
9

LRTC in right temporal region (AU

LRTC in parietal region (AU)

<

60 65 70 75 80
Age (years)

-
S

e
o

60 65 70 75 80
Age (years)










F

M

F

M

F

M

M

F

M

F

M

F


image10.emf
log-transformed WMH

log-transformed WMH

r(low)=0.10, p=0.02; r(high)=0.06, p=0.141 r(low)=0.14, p=0.002; r(high)=0.07, p=0.09

r(low)=0.12, p=0.01: r(high)=0.113, p=0.01

025 0.50 0.75 0.3 05 0.7 0 0.2 0.4 06 08
frontal alpha power

central .alpha power parietal alpha bower
r(low)=0.10, p=0.03; r(high)=0.13, p=0.006

r(low)=0.119, p=0.01; r(high)=0.12, p=0.01 r(low)=0.11, p=0.01, r(high)=0.13, p=0.003

0.2 04 06 08 0.2 04 06 08 0.2 0.4 06 08
temporalL alpha power temporalR alpha power

occipital alpha power

medianWMH
=== higher WMH
== |lower WMH

medianWMH
=== higher WMH
== |lower WMH










image1.png
number of participants

120-

90-

60-

30-

-180

-160

-140

2120 -100 -80 -60 40 20 0
day differences (from EEG to MRI)

20

40

60




image2.emf
12

11

) () ()
on (@\] —

s109[qns Jo Joqunu

[x,
=
g
=
O
oNn
<
—
>
=
o0
D ~
= S ) S =
(@\| —
s109[qgns jo roqunu
s
S
25
L S >
, B
S
=
| 8
VR
-
| &
]
S
O
< -
< g 8 g8 2 ° 59
([@\] — — C

s103[qns Jo Jpqunu

v S wn
— —

$102[gns Jo Joqunu

o all

0.8 1.0

averaged LRTC

0.6

0.8

0.6

0.4
averaged relative alpha power

0.2









A)

B)

C)

D)


image3.png
E)

40

w
(=)

number of subjects
(%]
(=]

—
(=}

. -l

li..

-8

-6
total WMH normalize

4
d (In)

-2




image4.emf
A) Individual alpha peak frequency B) Relative Alpha Power C) Long range temporal correlations

left _ o right










F) Long range temporal correlations at EEG source space

D) Individual alpha peak frequency at EEG source space

E) Relative alpha power at EEG source space
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