Supplementary Material
Structural correlates of sleep spindle and slow oscillation abnormalities in Parkinson’s disease and dementia with Lewy bodies
Supplementary Table 1. Group Differences in Sleep Spindle Properties
	Electrode
	HC
	PD
	DLB
	pFDR

	Slow spindles
	
	
	
	

	Density (events/min)
	
	
	
	

	F3
	1.86±0.74
	1.54±0.64
	0.72±0.46
	<0.001a,b,c

	FZ
	1.43±0.65
	1.32±0.56
	0.81±0.44
	0.016b,c

	F4
	1.88±0.79
	1.60±0.55
	0.74±0.45
	<0.001a,b,c

	C3
	1.21±0.50
	1.16±0.41
	0.52±0.29
	<0.001b,c

	CZ
	1.14±0.58
	0.84±0.39
	0.66±0.35
	0.002a,b

	C4
	1.24±0.55
	1.11±0.38
	0.56±0.37
	<0.001b,c

	PZ
	0.98±0.51
	0.82±0.34
	0.47±0.31
	0.002b

	O1
	1.02±0.48
	0.89±0.35
	0.37±0.22
	<0.001b,c

	O2
	1.02±0.50
	0.92±0.35
	0.33±0.20
	<0.001b,c

	Amplitude (µV)
	
	
	
	

	F3
	22.04±20.48
	27.62±27.13
	23.38±8.05
	0.589

	FZ
	26.23±10.50
	29.87±13.00
	26.37±14.01
	0.885

	F4
	20.47±13.76
	34.31±13.21
	22.70±7.51
	0.365

	C3
	34.85±64.27
	25.03±10.95
	21.83±6.47
	0.372

	CZ
	38.53±41.05
	28.49±14.04
	23.45±7.38
	0.491

	C4
	25.20±8.81
	31.78±18.34
	22.36±10.59
	0.804

	PZ
	23.53±16.51
	20.74±11.77
	19.87±5.05
	0.903

	O1
	32.73±26.54
	28.64±11.75
	20.51±7.05
	0.134

	O2
	32.49±35.48
	33.54±29.34
	43.19±12.50
	0.653

	Duration (s)
	
	
	
	

	F3
	0.85±0.08
	0.87±0.17
	0.80±0.20
	0.617

	FZ
	0.87±0.20
	0.83±0.09
	0.80±0.11
	0.237

	F4
	0.86±0.11
	0.83±0.05
	0.75±0.10
	<0.001a,b

	C3
	0.84±0.13
	0.81±0.07
	0.74±0.11
	0.022b

	CZ
	0.82±0.10
	0.79±0.08
	0.79±0.11
	0.278

	C4
	0.82±0.09
	0.83±0.10
	0.75±0.11
	0.202

	PZ
	0.80±0.10
	0.77±0.10
	0.73±0.09
	0.053

	O1
	0.81±0.11
	0.80±0.08
	0.70±0.07
	0.006b,c

	O2
	0.80±0.06
	0.82±0.13
	0.73±0.07
	0.277

	Fast spindles
	
	
	
	

	Density (events/min)
	
	
	
	

	F3
	1.16±0.68
	0.87±0.76
	0.28±0.26
	<0.001a,b,c

	FZ
	1.23±0.87
	0.76±0.61
	0.31±0.27
	<0.001a,b

	F4
	1.23±0.81
	0.95±0.83
	0.21±0.19
	<0.001b,c

	C3
	1.75±0.91
	1.01±0.74
	0.27±0.29
	<0.001a,b,c

	CZ
	1.88±0.99
	0.92±0.75
	0.38±0.37
	<0.001a,b

	C4
	1.72±0.97
	1.03±0.72
	0.31±0.31
	<0.001a,b,c

	PZ
	2.02±1.14
	1.32±0.97
	0.62±0.72
	<0.001a,b

	O1
	1.07±0.83
	0.83±0.55
	0.32±0.43
	0.002b,c

	O2
	1.07±0.84
	0.83±0.56
	0.30±0.37
	0.003b,c

	Amplitude (µV)
	
	
	
	

	F3
	13.72±14.85
	17.77±15.28
	19.99±10.59
	0.185

	FZ
	16.92±13.26
	12.23±11.98
	22.99±14.76
	0.913

	F4
	13.20±11.60
	20.66±13.67
	17.81±5.88
	0.397

	C3
	27.74±49.46
	17.88±7.63
	19.48±7.28
	0.371

	CZ
	17.61±13.51
	15.17±11.52
	18.81±5.73
	0.601

	C4
	18.67±7.16
	24.83±41.04
	20.33±11.66
	0.577

	PZ
	37.94±44.01
	24.91±15.74
	17.96±6.52
	0.826

	O1
	23.40±24.74
	19.85±9.15
	18.43±8.44
	0.397

	O2
	21.73±23.94
	26.08±33.42
	17.59±8.23
	0.982

	Duration (s)
	
	
	
	

	F3
	0.74±0.08
	0.75±0.14
	0.74±0.16
	0.739

	FZ
	0.74±0.08
	0.73±0.06
	0.72±0.09
	0.397

	F4
	0.74±0.07
	0.74±0.07
	0.71±0.08
	0.250

	C3
	0.76±0.07
	0.72±0.07
	0.74±0.12
	0.305

	CZ
	0.78±0.10
	0.75±0.17
	0.70±0.09
	0.132

	C4
	0.75±0.07
	0.74±0.08
	0.73±0.15
	0.607

	PZ
	0.77±0.10
	0.74±0.07
	0.72±0.09
	0.120

	O1
	0.74±0.11
	0.72±0.07
	0.71±0.09
	0.244

	O2
	0.73±0.08
	0.74±0.11
	0.73±0.15
	0.739


Sleep spindle properties by diagnostic group, reported for slow and fast spindles at each EEG derivation.
Values are displayed as mean ± standard deviation. Spindle density is expressed as spindles per minute of NREM sleep, amplitude as mean peak-to-peak amplitude (µV) and duration in seconds (s).
P values were calculated using permutation-based analysis of covariance (ANCOVA; 10,000 permutations) with age and sex as covariates, FDR-corrected within each spindle type across derivations. Pairwise post-hoc comparisons were performed on covariate-adjusted residuals.
DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; NREM, non-rapid eye movement sleep; PD, Parkinson's disease; SD, standard deviation.
ᵃPairwise comparisons: significant differences between PD and HC
ᵇPairwise comparisons: significant differences between DLB and HC
ᶜPairwise comparisons: significant differences between DLB and PD

Supplementary Table 2. Sensitivity of Spindle Density Group Differences to Medication Use
	Electrode
	F
	pFDR (age, sex)
	pFDR (+ medication)

	Fast spindle density
	
	
	

	F3
	10.868
	<0.001
	<0.001

	FZ
	10.239
	<0.001
	<0.001

	F4
	13.223
	<0.001
	<0.001

	C3
	24.718
	<0.001
	<0.001

	CZ
	22.908
	<0.001
	<0.001

	C4
	22.051
	<0.001
	<0.001

	PZ
	11.470
	<0.001
	<0.001

	O1
	8.761
	0.002
	<0.001

	O2
	8.936
	0.003
	<0.001

	Slow spindle density
	
	
	

	F3
	18.057
	<0.001
	<0.001

	FZ
	4.704
	0.016
	0.015

	F4
	17.991
	<0.001
	<0.001

	C3
	14.635
	<0.001
	<0.001

	CZ
	6.902
	0.002
	0.004

	C4
	19.466
	<0.001
	<0.001

	PZ
	6.283
	0.002
	0.005

	O1
	16.441
	<0.001
	<0.001

	O2
	18.546
	<0.001
	<0.001


Sensitivity of group differences in spindle density to medication use. Values are the group-level omnibus F and FDR-corrected p under the primary (age- and sex-adjusted) model and after additional adjustment for medication use.
Group effects were tested by permutation-based analysis of covariance (ANCOVA; 10,000 permutations). The primary model included age and sex; the medication-adjusted model additionally included antidepressant, benzodiazepine and cholinesterase-inhibitor use (each coded 0/1) and levodopa equivalent daily dose (DDE).
F, omnibus group F statistic; pFDR (age, sex), Benjamini–Hochberg FDR-corrected p under the primary model; pFDR (+ medication), FDR-corrected p after additional adjustment for medication use.
All spindle-density group differences remained significant after medication adjustment. Primary-model p values correspond to the density measures in Supplementary Table 1.
LEDD, levodopa equivalent daily dose; DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; PD, Parkinson's disease; SD, standard deviation.

Supplementary Table 3. Group Differences in Slow Oscillation Properties
	Electrode
	HC
	PD
	DLB
	pFDR

	Rate (events/min)
	
	
	
	

	F3
	13.84±2.53
	14.50±3.87
	13.10±4.00
	0.342

	FZ
	13.28±3.45
	13.60±5.07
	12.18±2.46
	0.453

	F4
	13.65±2.89
	14.38±3.52
	12.83±3.35
	0.291

	C3
	13.75±2.35
	13.88±3.79
	11.30±3.05
	0.010b,c

	CZ
	13.46±4.01
	12.58±5.53
	10.86±2.75
	0.143

	C4
	13.60±2.30
	14.29±2.52
	11.08±3.02
	<0.001b,c

	PZ
	12.58±3.23
	13.60±5.12
	11.28±4.48
	0.291

	O1
	12.76±2.44
	12.64±2.72
	9.55±2.25
	<0.001b,c

	O2
	12.64±2.62
	13.09±3.60
	10.41±3.61
	0.018b

	Peak-to-peak amplitude (µV)
	
	
	
	

	F3
	48.75±22.69
	57.47±42.56
	65.70±19.50
	0.159

	FZ
	60.71±52.64
	97.45±18.61
	70.88±36.82
	0.167

	F4
	49.05±31.08
	57.60±36.27
	69.70±25.66
	0.115

	C3
	69.69±28.66
	61.27±38.06
	57.73±17.66
	0.258

	CZ
	82.72±33.68
	69.79±20.66
	63.32±19.88
	0.069

	C4
	65.82±22.17
	60.50±26.34
	58.83±15.48
	0.377

	PZ
	87.87±34.27
	68.60±28.92
	81.82±80.31
	0.191

	O1
	87.23±41.24
	70.76±25.11
	56.05±16.76
	0.013a,b,c

	O2
	92.72±77.64
	73.31±26.82
	62.75±34.37
	0.167

	Duration (s)
	
	
	
	

	F3
	0.93±0.11
	0.91±0.08
	1.02±0.19
	0.044b,c

	FZ
	0.87±0.13
	0.86±0.21
	0.97±0.12
	0.132

	F4
	0.95±0.08
	0.91±0.10
	0.97±0.11
	0.132

	C3
	0.92±0.11
	0.90±0.10
	0.94±0.15
	0.517

	CZ
	0.86±0.16
	0.80±0.19
	0.87±0.10
	0.356

	C4
	0.95±0.09
	0.89±0.12
	0.95±0.12
	0.107

	PZ
	0.93±0.15
	0.87±0.19
	0.94±0.10
	0.310

	O1
	0.97±0.09
	0.95±0.10
	0.99±0.11
	0.356

	O2
	0.99±0.09
	0.95±0.12
	1.01±0.11
	0.270


Slow oscillation (SO) properties by diagnostic group at each EEG derivation.
Values are displayed as mean ± standard deviation. SO density is expressed as events per minute of NREM sleep, negative-peak and peak-to-peak amplitude in µV, duration in seconds (s) and slope in µV/s.
P values were calculated using permutation-based analysis of covariance (ANCOVA; 10,000 permutations) with age and sex as covariates, FDR-corrected within each metric across derivations. Pairwise post-hoc comparisons were performed on covariate-adjusted residuals.
DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; NREM, non-rapid eye movement sleep; PD, Parkinson's disease; SD, standard deviation; SO, slow oscillation.
ᵃPairwise comparisons: significant differences between PD and HC
ᵇPairwise comparisons: significant differences between DLB and HC
ᶜPairwise comparisons: significant differences between DLB and PD

Supplementary Table 4. Sensitivity of Slow Oscillation Density Group Differences to Medication Use
	Electrode
	F
	pFDR (age, sex)
	pFDR (+ medication)

	F3
	1.198
	0.342
	0.377

	FZ
	0.799
	0.453
	0.494

	F4
	1.493
	0.291
	0.309

	C3
	5.978
	0.010
	0.017

	CZ
	2.591
	0.143
	0.189

	C4
	11.347
	<0.001
	<0.001

	PZ
	1.655
	0.291
	0.309

	O1
	13.218
	<0.001
	<0.001

	O2
	5.021
	0.018
	0.025


Sensitivity of group differences in slow oscillation (SO) density to medication use, under the primary (age- and sex-adjusted) model and after additional adjustment for medication use.
Group effects were tested by permutation-based analysis of covariance (ANCOVA; 10,000 permutations) . The primary model included age and sex; the medication-adjusted model additionally included antidepressant, benzodiazepine and cholinesterase-inhibitor use (each coded 0/1) and levodopa equivalent daily dose (DDE).
F, omnibus group F statistic; pFDR (age, sex), Benjamini–Hochberg FDR-corrected p under the primary model; pFDR (+ medication), FDR-corrected p after additional adjustment for medication use.
LEDD, levodopa equivalent daily dose; DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; PD, Parkinson's disease; SD, standard deviation; SO, slow oscillation.

Supplementary Table 5. Coupled and Uncoupled Spindles by Group
	Group
	Total spindles
	Coupled
	Uncoupled
	% coupled

	HC
	65,172
	17,769
	47,403
	27.30

	PD
	34,274
	10,685
	23,589
	31.20

	DLB
	6,932
	2,007
	4,925
	29.00


Number and proportion of detected spindles that were coupled to a slow oscillation (SO), pooled across the C3 and F3 derivations for each diagnostic group.
A spindle was classified as coupled if it overlapped a detected slow oscillation. The proportion coupled (co-occurrence rate) was comparable across groups, indicating that group differences in coupling reflect the reduced number of spindles rather than a failure of spindles to co-occur with slow oscillations.
DLB, dementia with Lewy bodies; HC, healthy controls; PD, Parkinson's disease; SO, slow oscillation.

Supplementary Table 6. Spindle–Slow Oscillation Coupling
	Spindle
	Channel
	Coupling
magnitude,
group pFDR
	Preferred
phase,
group pFDR
	ρ
(HC)
	ρ
(PD)
	ρ
(DLB)
	Rayleigh p
(HC)
	Rayleigh p
(PD)
	Rayleigh p
(DLB)

	Fast
	C3
	0.152
	0.374
	0.73
	0.63
	0.34
	<0.001
	<0.001
	0.093

	Fast
	F3
	0.153
	0.784
	0.52
	0.49
	0.35
	<0.001
	<0.001
	0.104

	Slow
	C3
	0.146
	<0.001
	0.22
	0.29
	0.42
	0.070
	0.080
	0.025

	Slow
	F3
	0.019
	0.031
	0.12
	0.13
	0.74
	0.471
	0.576
	<0.001


Spindle–slow oscillation (SO) coupling for slow and fast spindles at central (C3) and frontal (F3) derivations.
Coupling magnitude, group p and preferred phase, group p are the between-group tests of the surrogate-corrected coupling magnitude (z-score) and of the preferred coupling phase, respectively. Rayleigh p tests each group's phase distribution against uniformity (a significant value indicates consistent, non-uniform coupling).
Coupling magnitude was compared using ANCOVA on the surrogate-corrected z-score (adjusted for age and sex); preferred phase was compared using the Watson–Wheeler circular test; the Rayleigh test assessed non-uniformity within each group.
DLB, dementia with Lewy bodies; HC, healthy controls; PD, Parkinson's disease; SO, slow oscillation.

Supplementary Table 7. Group Differences in NREM Absolute Spectral Power
	
	HC 
	PD 
	DLB 
	pFDR

	Frontal

	Slow (0.5–1 Hz)
	16.37±8.62
	16.20±12.24
	20.47±3.64
	0.054

	Delta (1–4 Hz)
	16.59±8.40
	17.10±11.38
	20.27±2.89
	0.059

	Theta (4–8 Hz)
	9.18±8.50
	10.53±10.72
	14.01±3.96
	0.023b

	Alpha (8–12 Hz)
	6.60±8.90
	7.97±10.42
	9.33±4.13
	0.149

	Sigma (12–16 Hz)
	2.03±9.19
	3.74±10.67
	4.41±3.39
	0.149

	Slow sigma (12–15 Hz)
	4.52±9.01
	5.82±10.49
	6.29±3.37
	0.296

	Fast sigma (15–16 Hz)
	0.73±9.23
	1.21±10.71
	2.12±3.48
	0.122

	Beta (16–30 Hz)
	2.23±9.51
	4.67±11.54
	9.34±4.50
	0.004b,c

	Total
	21.31±9.68
	21.58±12.27
	25.41±3.44
	0.054

	Central

	Slow (0.5–1 Hz)
	19.04±8.16
	16.60±12.48
	18.33±3.27
	0.244

	Delta (1–4 Hz)
	19.73±8.17
	17.59±11.64
	19.15±2.75
	0.304

	Theta (4–8 Hz)
	12.69±8.31
	11.44±10.89
	14.23±3.46
	0.149

	Alpha (8–12 Hz)
	9.67±8.87
	8.46±10.38
	9.43±3.48
	0.403

	Sigma (12–16 Hz)
	6.08±9.27
	4.26±10.22
	4.18±2.85
	0.396

	Slow sigma (12–15 Hz)
	7.29±9.27
	5.85±10.22
	6.12±2.91
	0.470

	Fast sigma (15–16 Hz)
	3.77±8.83
	2.12±10.28
	2.02±2.88
	0.423

	Beta (16–30 Hz)
	5.37±9.17
	4.89±10.38
	8.23±4.05
	0.111

	Total
	24.35±9.49
	21.50±11.45
	23.45±2.90
	0.189

	Occipital

	Slow (0.5–1 Hz)
	21.43±8.49
	18.56±12.71
	18.18±2.66
	0.226

	Delta (1–4 Hz)
	21.60±8.43
	19.04±11.79
	18.65±2.60
	0.283

	Theta (4–8 Hz)
	15.47±8.38
	13.90±10.83
	14.63±3.31
	0.527

	Alpha (8–12 Hz)
	11.18±8.72
	9.91±10.37
	8.85±3.73
	0.661

	Sigma (12–16 Hz)
	6.42±8.98
	5.23±10.27
	3.97±3.23
	0.696

	Slow sigma (12–15 Hz)
	8.22±8.85
	6.94±10.32
	5.47±3.29
	0.656

	Fast sigma (15–16 Hz)
	4.23±9.00
	3.07±10.24
	1.95±3.36
	0.730

	Beta (16–30 Hz)
	6.43±9.09
	6.12±10.72
	7.97±3.51
	0.468

	Total
	25.82±8.76
	23.16±11.53
	23.06±2.73
	0.256


NREM absolute spectral power by diagnostic group at frontal (F3), central (C3) and occipital (O1) derivations.
Values are displayed as mean ± standard deviation, expressed as 10·log₁₀(power spectral density) in decibels (dB).
P values were calculated using permutation-based analysis of covariance (ANCOVA; 10,000 permutations) with age and sex as covariates, FDR-corrected within the spectral-power family.
dB, decibels; DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; NREM, non-rapid eye movement sleep; PD, Parkinson’s disease; PSD, power spectral density; SD, standard deviation.
ᵃPairwise comparisons: significant differences between PD and HC
ᵇPairwise comparisons: significant differences between DLB and HC
ᶜPairwise comparisons: significant differences between DLB and PD

Supplementary Table 8. Sensitivity of the Frontal Beta Power Group Difference to Medication Use
	Band
	Electrode
	F
	pFDR (age, sex)
	pFDR (+ medication)

	Beta (16–30 Hz)
	F3
	28.748
	0.004
	0.007


Sensitivity of the frontal (F3) beta-band power group difference to medication use, under the primary (age- and sex-adjusted) model and after additional adjustment for medication use. 
Group effects were tested by permutation-based analysis of covariance (ANCOVA; 10,000 permutations). The primary model included age and sex; the medication-adjusted model additionally included antidepressant, benzodiazepine and cholinesterase-inhibitor use (each coded 0/1) and levodopa equivalent daily dose (DDE).
F, omnibus group F statistic; pFDR (age, sex), Benjamini–Hochberg FDR-corrected p under the primary model; pFDR (+ medication), FDR-corrected p after additional adjustment for medication use.
dB, decibels; LEDD, levodopa equivalent daily dose; DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; PD, Parkinson's disease; PSD, power spectral density; SD, standard deviation.

Supplementary Table 9. Group Differences in Phase Slope Index (PSI)
	Frequency band (Hz)
	HC
	PD
	DLB
	pFDR

	F3
	
	
	
	

	1–5 Hz
	−1.51±2.25
	−0.64±1.97
	0.98±2.32
	0.001a,b

	3–7 Hz
	−0.04±1.85
	0.58±2.13
	0.20±2.30
	0.570

	5–9 Hz
	0.34±1.87
	1.01±2.20
	−0.02±2.19
	0.291

	7–11 Hz
	−0.20±2.11
	−0.69±2.36
	−0.31±2.83
	0.812

	9–13 Hz
	−1.01±1.73
	−0.83±2.40
	−0.19±1.79
	0.124

	11–15 Hz
	1.27±2.74
	0.37±2.45
	−0.20±1.34
	0.001a,b,c

	13–17 Hz
	2.26±2.12
	1.03±2.89
	−0.38±1.32
	0.004a,b

	15–19 Hz
	1.34±1.87
	0.80±2.04
	−0.54±1.21
	0.234

	FZ
	
	
	
	

	1–5 Hz
	−0.90±2.40
	0.98±2.26
	1.21±2.49
	0.006a,b

	3–7 Hz
	0.10±2.34
	0.43±1.81
	0.42±1.55
	0.494

	5–9 Hz
	1.45±2.58
	0.53±2.13
	1.12±1.88
	0.524

	7–11 Hz
	−1.16±3.16
	−1.20±2.89
	−0.51±2.83
	0.812

	9–13 Hz
	−3.08±3.39
	−2.73±2.64
	−2.52±2.76
	0.015a,b

	11–15 Hz
	2.39±4.31
	0.07±3.10
	−0.99±2.06
	<0.001a,b,c

	13–17 Hz
	4.96±3.87
	2.38±2.62
	0.05±1.22
	0.034a,b

	15–19 Hz
	2.83±3.01
	1.64±2.89
	0.33±1.98
	0.812

	F4
	
	
	
	

	1–5 Hz
	−1.22±2.14
	−0.73±1.93
	−0.21±3.28
	0.381

	3–7 Hz
	−0.70±2.01
	0.42±2.29
	0.58±2.38
	0.070

	5–9 Hz
	0.58±1.84
	0.39±1.47
	1.10±1.68
	0.520

	7–11 Hz
	−0.80±2.08
	−0.81±1.96
	0.90±2.66
	0.036a,b

	9–13 Hz
	−1.95±2.34
	−1.13±1.91
	−0.16±1.87
	0.082

	11–15 Hz
	0.76±2.48
	0.29±2.28
	−0.90±1.87
	0.001a,b

	13–17 Hz
	2.10±2.33
	1.09±2.41
	−0.40±1.87
	0.070

	15–19 Hz
	1.29±1.89
	0.79±2.01
	−0.06±1.20
	0.239

	C3
	
	
	
	

	1–5 Hz
	0.77±1.64
	0.52±1.39
	0.14±2.93
	0.608

	3–7 Hz
	0.97±1.85
	0.57±1.87
	1.27±2.09
	0.594

	5–9 Hz
	0.87±2.02
	0.86±2.29
	−0.38±1.85
	0.125

	7–11 Hz
	0.97±1.89
	0.89±1.72
	−1.25±2.06
	0.001a,b,c

	9–13 Hz
	0.70±2.25
	0.82±2.53
	0.34±1.55
	0.812

	11–15 Hz
	0.47±2.18
	0.13±1.94
	0.35±1.18
	0.812

	13–17 Hz
	−0.22±1.74
	−0.13±1.95
	−0.43±1.17
	0.846

	15–19 Hz
	−0.67±1.74
	−0.18±2.01
	−0.33±1.49
	0.608

	CZ
	
	
	
	

	1–5 Hz
	1.36±2.19
	0.13±2.32
	0.39±2.64
	0.190

	3–7 Hz
	1.55±1.72
	0.69±1.53
	1.97±2.63
	0.207

	5–9 Hz
	3.01±3.44
	1.59±2.30
	2.02±3.33
	0.325

	7–11 Hz
	1.93±2.42
	1.74±2.59
	1.30±2.31
	0.812

	9–13 Hz
	−1.48±2.81
	−1.04±2.48
	−2.22±4.27
	0.675

	11–15 Hz
	−0.50±3.69
	−1.76±2.85
	−2.29±2.27
	0.207

	13–17 Hz
	0.98±2.82
	−0.44±2.14
	−0.53±1.25
	0.082

	15–19 Hz
	0.37±2.48
	−0.26±1.67
	−0.43±1.78
	0.495

	C4
	
	
	
	

	1–5 Hz
	0.30±1.98
	−0.13±1.51
	0.32±2.00
	0.696

	3–7 Hz
	−0.14±1.49
	0.27±2.03
	0.28±2.20
	0.649

	5–9 Hz
	1.05±1.68
	0.27±1.34
	0.18±1.68
	0.097

	7–11 Hz
	0.54±1.80
	0.77±1.88
	0.81±3.00
	0.846

	9–13 Hz
	0.02±2.04
	0.29±1.56
	0.10±1.83
	0.846

	11–15 Hz
	−0.02±2.23
	−0.30±2.16
	−0.47±1.51
	0.812

	13–17 Hz
	−0.52±1.72
	0.16±1.99
	0.27±1.49
	0.042a,b

	15–19 Hz
	−0.70±1.99
	0.33±1.36
	0.25±1.05
	0.931

	PZ
	
	
	
	

	1–5 Hz
	2.11±2.73
	−0.64±2.95
	−0.61±2.68
	0.001a,b

	3–7 Hz
	−0.00±2.80
	−1.28±2.43
	−1.52±1.82
	0.123

	5–9 Hz
	−2.28±2.22
	−0.97±2.65
	−2.23±2.49
	0.207

	7–11 Hz
	0.10±3.00
	0.16±3.04
	−0.55±2.58
	0.812

	9–13 Hz
	2.21±3.36
	1.10±2.99
	1.05±2.25
	0.400

	11–15 Hz
	−1.17±3.97
	0.31±3.33
	1.36±2.87
	0.105

	13–17 Hz
	−3.18±2.89
	−0.94±1.77
	0.44±1.50
	<0.001a,b,c

	15–19 Hz
	−1.95±1.90
	−1.02±1.55
	−0.02±1.09
	0.003a,b

	O1
	
	
	
	

	1–5 Hz
	0.07±2.31
	0.36±2.66
	−0.96±1.74
	0.239

	3–7 Hz
	−0.61±2.42
	−0.88±2.60
	−1.20±2.89
	0.812

	5–9 Hz
	−2.14±2.52
	−1.39±2.50
	−0.69±2.32
	0.170

	7–11 Hz
	−0.17±2.91
	−0.10±3.07
	−0.71±2.33
	0.812

	9–13 Hz
	2.33±3.18
	1.78±2.70
	1.15±2.22
	0.436

	11–15 Hz
	−2.02±3.46
	0.24±3.31
	1.36±2.50
	0.001a,b

	13–17 Hz
	−3.41±3.29
	−1.71±3.33
	0.23±1.53
	<0.001a,b,c

	15–19 Hz
	−1.00±2.45
	−1.13±2.58
	0.55±1.35
	0.082

	O2
	
	
	
	

	1–5 Hz
	0.31±2.76
	0.78±2.23
	−1.41±2.49
	0.042a,b

	3–7 Hz
	−0.52±2.70
	−0.87±2.07
	−1.90±1.43
	0.192

	5–9 Hz
	−2.13±2.63
	−1.71±2.33
	−0.89±1.80
	0.270

	7–11 Hz
	−0.31±2.67
	0.14±2.16
	−0.12±1.20
	0.812

	9–13 Hz
	2.34±3.00
	1.14±2.93
	1.56±1.23
	0.236

	11–15 Hz
	−1.86±3.72
	−0.50±2.95
	1.51±1.86
	0.003a,b

	13–17 Hz
	−3.86±3.17
	−1.45±3.17
	0.71±1.30
	<0.001a,b,c

	15–19 Hz
	−1.67±2.53
	−0.82±2.30
	0.20±1.23
	0.032a,b


Net phase slope index (PSI) by diagnostic group across 4-Hz frequency bins and EEG derivations during NREM sleep.
Values are displayed as mean ± standard deviation. Positive net PSI indicates a predominantly outgoing (source-like) directional influence and negative values a predominantly incoming (sink-like) influence.
P values were calculated using permutation-based analysis of covariance (ANCOVA; 10,000 permutations) with age and sex as covariates, FDR-corrected. These analyses are considered exploratory.
DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; NREM, non-rapid eye movement sleep; PD, Parkinson's disease; PSI, phase slope index; SD, standard deviation.
ᵃPairwise comparisons: significant differences between PD and HC
ᵇPairwise comparisons: significant differences between DLB and HC
ᶜPairwise comparisons: significant differences between DLB and PD

Supplementary Table 10. Group Differences in Thalamic Nucleus Volumes
	Thalamic nucleus
	HC
	PD
	DLB
	pFDR

	L Pul
	0.65±0.11
	0.51±0.16
	0.32±0.10
	<0.001a,b

	L AN
	0.63±0.11
	0.51±0.14
	0.40±0.06
	<0.001a,b

	L MD
	0.94±0.15
	0.75±0.19
	0.53±0.17
	<0.001a,b

	L VLD
	0.81±0.15
	0.63±0.20
	0.38±0.13
	<0.001a,b

	L CLp
	0.83±0.15
	0.66±0.18
	0.42±0.11
	<0.001a,b

	L VA
	0.85±0.17
	0.64±0.24
	0.34±0.14
	<0.001a,b

	L VLV
	0.37±0.08
	0.27±0.12
	0.18±0.11
	<0.001a,b

	R Pul
	0.75±0.12
	0.62±0.16
	0.41±0.10
	<0.001a,b

	R AN
	0.61±0.13
	0.48±0.17
	0.34±0.07
	<0.001a,b

	R MD
	0.83±0.15
	0.69±0.18
	0.49±0.09
	<0.001a,b

	R VLD
	0.72±0.13
	0.60±0.15
	0.39±0.10
	<0.001a,b,c

	R CLp
	0.70±0.13
	0.58±0.12
	0.40±0.08
	<0.001a,b

	R VA
	0.79±0.17
	0.61±0.21
	0.34±0.12
	<0.001a,b

	R VLV
	0.31±0.08
	0.24±0.09
	0.16±0.08
	<0.001a,b


Thalamic nucleus volumes by diagnostic group.
Values are displayed as mean ± standard deviation (cm³). Thalamic nuclei were segmented using the Computational Anatomy Toolbox (CAT12) with the Human Connectome Project probabilistic thalamic atlas; volumes were adjusted for total intracranial volume (TIV) using the residuals method.
P values were calculated using permutation-based analysis of covariance (ANCOVA; 10,000 permutations) with age and sex as covariates, FDR-corrected. Pairwise post-hoc comparisons were performed on covariate-adjusted residuals.
CAT12, Computational Anatomy Toolbox; DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; PD, Parkinson's disease; SD, standard deviation; TIV, total intracranial volume.
Thalamic nuclei: AN, anterior; CLp, central lateral / lateral posterior / medial pulvinar; MD, mediodorsal; Pul, pulvinar; VA, ventral anterior; VLD, ventral latero-dorsal; VLV, ventral latero-ventral.
ᵃPairwise comparisons: significant differences between PD and HC
ᵇPairwise comparisons: significant differences between DLB and HC
ᶜPairwise comparisons: significant differences between DLB and PD

Supplementary Table 11. Group Differences in Regional Cortical Thickness
	Cortical parcel
	HC
	PD
	DLB
	pFDR

	Global Cortical Thickness
	2.42±0.11
	2.34±0.12
	2.19±0.09
	<0.001a,b

	Left Hemisphere
	
	
	
	

	Banks of Superior Temporal Sulcus
	2.50±0.15
	2.38±0.16
	2.27±0.19
	<0.001b

	Caudal Anterior Cingulate
	2.43±0.25
	2.07±0.19
	1.92±0.24
	<0.001a,b

	Caudal Middle Frontal
	2.46±0.12
	2.43±0.08
	2.33±0.14
	0.002b

	Cuneus
	1.99±0.15
	1.87±0.13
	1.77±0.11
	<0.001b

	Entorhinal Cortex
	2.32±0.37
	2.33±0.25
	2.24±0.23
	0.942

	Fusiform Gyrus
	2.53±0.14
	2.47±0.15
	2.30±0.13
	<0.001b

	Inferior Parietal
	2.43±0.13
	2.40±0.14
	2.27±0.10
	<0.001b

	Inferior Temporal
	2.63±0.14
	2.58±0.19
	2.44±0.18
	<0.001b

	Isthmus Cingulate
	2.19±0.19
	2.08±0.20
	1.91±0.14
	<0.001b

	Lateral Occipital
	2.15±0.13
	2.18±0.11
	2.12±0.14
	0.237

	Lateral Orbitofrontal
	2.67±0.14
	2.76±0.13
	2.65±0.11
	0.134

	Lingual Gyrus
	2.11±0.13
	1.99±0.13
	1.90±0.11
	<0.001b

	Medial Orbitofrontal
	2.31±0.13
	2.25±0.19
	2.09±0.18
	0.003b

	Middle Temporal
	2.71±0.16
	2.52±0.21
	2.33±0.19
	<0.001b

	Parahippocampal
	1.90±0.24
	1.75±0.26
	1.68±0.23
	0.044b

	Paracentral Lobule
	2.31±0.23
	1.98±0.19
	1.88±0.21
	<0.001a,b

	Pars Opercularis
	2.56±0.14
	2.51±0.16
	2.29±0.15
	<0.001b

	Pars Orbitalis
	2.61±0.17
	2.57±0.17
	2.49±0.12
	0.207

	Pars Triangularis
	2.44±0.15
	2.36±0.14
	2.17±0.07
	<0.001b

	Pericalcarine
	1.81±0.16
	1.73±0.17
	1.55±0.07
	<0.001b

	Postcentral Gyrus
	2.11±0.17
	1.91±0.19
	1.81±0.13
	<0.001b

	Posterior Cingulate
	2.26±0.18
	2.04±0.21
	1.90±0.15
	<0.001b

	Precentral Gyrus
	2.38±0.16
	2.13±0.18
	2.01±0.17
	<0.001a,b

	Precuneus
	2.41±0.13
	2.29±0.14
	2.20±0.10
	<0.001b

	Rostral Anterior Cingulate
	2.58±0.19
	2.28±0.26
	2.14±0.20
	<0.001a,b

	Rostral Middle Frontal
	2.28±0.16
	2.33±0.11
	2.23±0.13
	0.288

	Superior Frontal
	2.57±0.13
	2.48±0.15
	2.37±0.15
	<0.001b

	Superior Parietal
	2.23±0.14
	2.20±0.14
	2.10±0.12
	0.002b

	Superior Temporal
	2.70±0.16
	2.50±0.11
	2.31±0.18
	<0.001b

	Supramarginal Gyrus
	2.45±0.16
	2.39±0.13
	2.24±0.12
	<0.001b

	Frontal Pole
	2.49±0.19
	2.66±0.12
	2.54±0.24
	0.062

	Temporal Pole
	3.56±0.28
	3.51±0.29
	3.20±0.33
	0.018

	Transverse Temporal
	2.29±0.22
	2.24±0.31
	2.10±0.23
	0.073

	Insula
	2.97±0.20
	3.04±0.25
	2.79±0.30
	0.125

	Right Hemisphere
	
	
	
	

	Banks of Superior Temporal Sulcus
	2.60±0.16
	2.52±0.16
	2.32±0.18
	<0.001b

	Caudal Anterior Cingulate
	2.26±0.24
	1.94±0.22
	1.80±0.18
	<0.001a,b

	Caudal Middle Frontal
	2.47±0.13
	2.41±0.12
	2.35±0.15
	0.010b

	Cuneus
	1.94±0.16
	1.83±0.16
	1.75±0.17
	0.001b

	Entorhinal Cortex
	2.38±0.41
	2.30±0.19
	2.13±0.26
	0.075

	Fusiform Gyrus
	2.48±0.13
	2.40±0.15
	2.30±0.15
	0.001b

	Inferior Parietal
	2.42±0.12
	2.40±0.12
	2.33±0.10
	0.024b

	Inferior Temporal
	2.62±0.16
	2.62±0.15
	2.54±0.14
	0.414

	Isthmus Cingulate
	2.11±0.24
	1.97±0.21
	1.95±0.16
	0.006b

	Lateral Occipital
	2.02±0.16
	2.17±0.15
	2.09±0.14
	0.022b

	Lateral Orbitofrontal
	2.63±0.14
	2.74±0.17
	2.62±0.11
	0.107

	Lingual Gyrus
	2.06±0.15
	1.92±0.12
	1.89±0.12
	<0.001b

	Medial Orbitofrontal
	2.30±0.18
	2.17±0.29
	1.99±0.15
	<0.001b

	Middle Temporal
	2.73±0.17
	2.59±0.15
	2.47±0.15
	<0.001b

	Parahippocampal
	1.96±0.23
	1.80±0.19
	1.76±0.17
	0.003b

	Paracentral Lobule
	2.30±0.23
	1.95±0.20
	1.89±0.21
	<0.001a,b

	Pars Opercularis
	2.56±0.15
	2.53±0.11
	2.31±0.17
	<0.001b

	Pars Orbitalis
	2.65±0.16
	2.56±0.11
	2.52±0.17
	0.033b

	Pars Triangularis
	2.48±0.14
	2.34±0.15
	2.17±0.10
	<0.001b

	Pericalcarine
	1.72±0.19
	1.62±0.21
	1.48±0.16
	0.001b

	Postcentral Gyrus
	2.07±0.19
	1.96±0.17
	1.82±0.14
	<0.001b

	Posterior Cingulate
	2.21±0.17
	2.00±0.20
	1.84±0.16
	<0.001b

	Precentral Gyrus
	2.34±0.20
	2.13±0.18
	2.04±0.17
	<0.001b

	Precuneus
	2.37±0.13
	2.27±0.15
	2.18±0.16
	<0.001b

	Rostral Anterior Cingulate
	2.54±0.23
	2.25±0.34
	2.06±0.18
	<0.001a,b

	Rostral Middle Frontal
	2.22±0.16
	2.30±0.12
	2.20±0.12
	0.291

	Superior Frontal
	2.56±0.14
	2.45±0.19
	2.37±0.16
	0.001b

	Superior Parietal
	2.24±0.12
	2.17±0.11
	2.11±0.10
	<0.001b

	Superior Temporal
	2.77±0.17
	2.60±0.12
	2.44±0.16
	<0.001b

	Supramarginal Gyrus
	2.47±0.15
	2.40±0.11
	2.29±0.14
	<0.001b

	Frontal Pole
	2.36±0.18
	2.50±0.19
	2.52±0.25
	0.028

	Temporal Pole
	3.53±0.32
	3.51±0.31
	3.37±0.30
	0.385

	Transverse Temporal
	2.31±0.23
	2.47±0.25
	2.16±0.21
	0.024b

	Insula
	3.16±0.15
	3.17±0.14
	2.98±0.26
	0.002b


Regional cortical thickness by diagnostic group across Desikan–Killiany atlas parcels.
Values are displayed as mean ± standard deviation (mm). Cortical thickness was estimated using the surface-based reconstruction implemented in CAT12.
P values were calculated using permutation-based analysis of covariance (ANCOVA; 10,000 permutations) with age and sex as covariates, FDR-corrected. Pairwise post-hoc comparisons were performed on covariate-adjusted residuals.
CAT12, Computational Anatomy Toolbox; DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; PD, Parkinson's disease; SD, standard deviation.
ᵃPairwise comparisons: significant differences between PD and HC
ᵇPairwise comparisons: significant differences between DLB and HC
ᶜPairwise comparisons: significant differences between DLB and PD

Supplementary Table 12. Associations Between Thalamic Nucleus Volume and Spindle Density in Lewy Body Disorders
	Thalamic nucleus
	β
	SE
	p
	pFDR

	Central fast spindle density
	
	
	
	

	R VLV
	0.329
	0.084
	<0.001
	0.010

	L CLp
	0.311
	0.095
	0.003
	0.016

	R CLp
	0.290
	0.092
	0.004
	0.016

	L VLV
	0.266
	0.087
	0.005
	0.016

	L VLD
	0.278
	0.093
	0.006
	0.016

	R VLD
	0.275
	0.093
	0.007
	0.016

	L AN
	0.248
	0.090
	0.011
	0.020

	L Pul
	0.253
	0.093
	0.012
	0.020

	L MD
	0.252
	0.094
	0.013
	0.021

	R AN
	0.227
	0.092
	0.021
	0.027

	R VA
	0.233
	0.096
	0.022
	0.027

	L VA
	0.237
	0.098
	0.023
	0.027

	R MD
	0.220
	0.096
	0.030
	0.032

	R Pul
	0.217
	0.098
	0.037
	0.037

	Central slow spindle density
	
	
	
	

	R CLp
	0.241
	0.076
	0.004
	0.029

	R VLV
	0.240
	0.075
	0.004
	0.029

	R VLD
	0.229
	0.077
	0.006
	0.029

	L VLD
	0.217
	0.078
	0.011
	0.033

	R VA
	0.207
	0.078
	0.013
	0.033

	L VA
	0.210
	0.080
	0.014
	0.033

	L MD
	0.197
	0.079
	0.020
	0.036

	L CLp
	0.207
	0.085
	0.022
	0.036

	L VLV
	0.178
	0.077
	0.029
	0.036

	R MD
	0.182
	0.079
	0.030
	0.036

	L AN
	0.178
	0.078
	0.031
	0.036

	L Pul
	0.181
	0.080
	0.031
	0.036

	R AN
	0.164
	0.078
	0.046
	0.050

	R Pul
	0.163
	0.083
	0.060
	0.060

	Frontal slow spindle density
	
	
	
	

	L VLD
	0.381
	0.120
	0.004
	0.030

	L VA
	0.364
	0.123
	0.007
	0.030

	R VA
	0.345
	0.122
	0.009
	0.030

	L AN
	0.331
	0.118
	0.010
	0.030

	R VLD
	0.344
	0.124
	0.011
	0.030

	R VLV
	0.327
	0.123
	0.014
	0.033

	L MD
	0.319
	0.126
	0.018
	0.035

	L CLp
	0.328
	0.135
	0.023
	0.038

	R MD
	0.299
	0.125
	0.024
	0.038

	R AN
	0.277
	0.123
	0.033
	0.044

	L Pul
	0.284
	0.127
	0.035
	0.044

	R CLp
	0.280
	0.132
	0.044
	0.051

	L VLV
	0.258
	0.124
	0.047
	0.051

	R Pul
	0.216
	0.135
	0.120
	0.120

	Frontal fast spindle density
	
	
	
	

	R VLV
	0.167
	0.074
	0.034
	0.239

	L CLp
	0.153
	0.080
	0.069
	0.239

	L VLD
	0.144
	0.077
	0.074
	0.239

	L VLV
	0.136
	0.074
	0.078
	0.239

	R CLp
	0.139
	0.078
	0.085
	0.239

	L Pul
	0.116
	0.078
	0.151
	0.309

	R VLD
	0.107
	0.079
	0.189
	0.309

	L MD
	0.103
	0.078
	0.198
	0.309

	L VA
	0.101
	0.080
	0.219
	0.309

	R AN
	0.097
	0.077
	0.221
	0.309

	L AN
	0.089
	0.077
	0.262
	0.333

	R VA
	0.087
	0.079
	0.286
	0.333

	R Pul
	0.079
	0.081
	0.343
	0.370

	R MD
	0.071
	0.079
	0.379
	0.379


Associations between thalamic nucleus volume and slow- and fast-spindle density in the combined Lewy body disorder (LBD; PD + DLB) cohort.
β is the standardised regression coefficient for nucleus volume (volume z-scored), from linear models adjusted for age, sex and diagnosis. P values were FDR-corrected within each spindle measure across nuclei.
DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; LBD, Lewy body disorders; PD, Parkinson's disease; SD, standard deviation; SE, standard error; β, standardised regression coefficient.
Thalamic nuclei: AN, anterior; CLp, central lateral / lateral posterior / medial pulvinar; MD, mediodorsal; Pul, pulvinar; VA, ventral anterior; VLD, ventral latero-dorsal; VLV, ventral latero-ventral.

Supplementary Table 13. Thalamus–Spindle Associations Adjusted for Age, Sex and Diagnosis
	Thalamic nucleus
	β
	SE
	p uncorrected

	Central fast spindle density
	
	
	

	L Pul
	0.204
	0.122
	0.107

	L AN
	0.192
	0.112
	0.098

	L MD
	0.170
	0.112
	0.142

	L VLD
	0.234
	0.117
	0.056

	L CLp
	0.272
	0.116
	0.028

	L VA
	0.160
	0.122
	0.201

	L VLV
	0.216
	0.101
	0.042

	R Pul
	0.153
	0.126
	0.237

	R AN
	0.163
	0.112
	0.159

	R MD
	0.122
	0.121
	0.325

	R VLD
	0.207
	0.125
	0.110

	R CLp
	0.219
	0.125
	0.091

	R VA
	0.152
	0.125
	0.235

	R VLV
	0.288
	0.113
	0.018

	Central slow spindle density
	
	
	

	L Pul
	−0.003
	0.080
	0.971

	L AN
	0.026
	0.073
	0.725

	L MD
	0.059
	0.072
	0.418

	L VLD
	0.065
	0.077
	0.402

	L CLp
	0.054
	0.079
	0.502

	L VA
	0.053
	0.078
	0.498

	L VLV
	0.062
	0.067
	0.359

	R Pul
	−0.033
	0.080
	0.685

	R AN
	0.012
	0.072
	0.870

	R MD
	0.006
	0.077
	0.936

	R VLD
	0.058
	0.081
	0.477

	R CLp
	0.074
	0.081
	0.369

	R VA
	0.037
	0.079
	0.648

	R VLV
	0.095
	0.077
	0.227

	Frontal fast spindle density
	
	
	

	L Pul
	0.072
	0.101
	0.485

	L AN
	0.036
	0.094
	0.707

	L MD
	0.070
	0.105
	0.513

	L VLD
	0.121
	0.098
	0.228

	L CLp
	0.144
	0.102
	0.170

	L VA
	0.054
	0.103
	0.606

	L VLV
	0.090
	0.085
	0.300

	R Pul
	0.021
	0.103
	0.843

	R AN
	0.036
	0.093
	0.703

	R MD
	−0.009
	0.102
	0.934

	R VLD
	0.047
	0.108
	0.665

	R CLp
	0.086
	0.105
	0.424

	R VA
	0.020
	0.104
	0.847

	R VLV
	0.130
	0.096
	0.191

	Frontal slow spindle density
	
	
	

	L Pul
	0.036
	0.141
	0.802

	L AN
	0.152
	0.126
	0.238

	L MD
	0.156
	0.125
	0.224

	L VLD
	0.197
	0.132
	0.147

	L CLp
	0.119
	0.139
	0.397

	L VA
	0.180
	0.133
	0.189

	L VLV
	0.101
	0.118
	0.401

	R Pul
	−0.080
	0.141
	0.575

	R AN
	0.083
	0.127
	0.517

	R MD
	0.096
	0.134
	0.483

	R VLD
	0.135
	0.142
	0.352

	R CLp
	0.035
	0.145
	0.813

	R VA
	0.147
	0.137
	0.296

	R VLV
	0.125
	0.129
	0.343


Associations between thalamic nucleus volume and fast- and slow-spindle density at central (C3) and frontal (F3) derivations in the combined Lewy body disorder (LBD; PD + DLB) cohort, with additional adjustment for group (diagnosis).
β is the standardised regression coefficient for nucleus volume (volume z-scored) from linear models adjusted for age, sex and group.DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; LBD, Lewy body disorders; PD, Parkinson's disease; SE, standard error; β, standardised regression coefficient.
Thalamic nuclei: AN, anterior; CLp, central lateral / lateral posterior / medial pulvinar; MD, mediodorsal; Pul, pulvinar; VA, ventral anterior; VLD, ventral latero-dorsal; VLV, ventral latero-ventral.

Supplementary Table 14. Associations Between Thalamic Nucleus Volume and Spindle–Slow Oscillation Coupling in Lewy Body Disorders
	Thalamic nucleus
	β
	pFDR

	Slow spindles – coupling magnitude (z-score)
	
	

	L Pul
	0.052
	0.014

	L AN
	0.043
	0.008

	L MD
	0.083
	0.003

	L VLD
	0.091
	0.001

	L CLp
	0.065
	0.007

	L VA
	0.105
	0.001

	L VLV
	0.035
	0.034

	R Pul
	0.053
	0.016

	R AN
	0.043
	0.030

	R MD
	0.063
	0.007

	R VLD
	0.064
	0.003

	R CLp
	0.042
	0.016

	R VA
	0.090
	0.002

	R VLV
	0.032
	0.015

	Fast spindles – coupling magnitude (z-score)
	
	

	L Pul
	0.022
	0.285

	L AN
	0.021
	0.285

	L MD
	0.035
	0.285

	L VLD
	0.023
	0.326

	L CLp
	0.026
	0.285

	L VA
	0.038
	0.285

	L VLV
	0.002
	0.890

	R Pul
	0.029
	0.285

	R AN
	0.015
	0.360

	R MD
	0.026
	0.285

	R VLD
	0.021
	0.285

	R CLp
	0.015
	0.326

	R VA
	0.028
	0.285

	R VLV
	0.006
	0.589


Associations between thalamic nucleus volume and slow spindle–slow oscillation (SO) coupling magnitude in the combined LBD cohort.
β is the standardised regression coefficient for nucleus volume from linear models adjusted for age and sex.
DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; LBD, Lewy body disorders; PD, Parkinson's disease; SD, standard deviation; SO, slow oscillation; β, standardised regression coefficient.
Thalamic nuclei: AN, anterior; CLp, central lateral / lateral posterior / medial pulvinar; MD, mediodorsal; Pul, pulvinar; VA, ventral anterior; VLD, ventral latero-dorsal; VLV, ventral latero-ventral.

Supplementary Table 15. Associations Between Thalamic Nucleus Volume and Slow Oscillation Density in Lewy Body Disorders
	SO measure
	Thalamic nucleus
	β
	SE
	p
	pFDR

	Frontal SO density (F3)
	L Pul
	−0.499
	0.864
	0.569
	0.729

	Frontal SO density (F3)
	L AN
	−0.701
	0.837
	0.410
	0.729

	Frontal SO density (F3)
	L MD
	−0.420
	0.885
	0.639
	0.729

	Frontal SO density (F3)
	L VLD
	−0.413
	0.888
	0.646
	0.729

	Frontal SO density (F3)
	L CLp
	−0.729
	0.930
	0.440
	0.729

	Frontal SO density (F3)
	L VA
	−0.762
	0.889
	0.399
	0.729

	Frontal SO density (F3)
	L VLV
	−0.482
	0.834
	0.568
	0.729

	Frontal SO density (F3)
	R Pul
	−0.891
	0.867
	0.313
	0.729

	Frontal SO density (F3)
	R AN
	−0.402
	0.842
	0.637
	0.729

	Frontal SO density (F3)
	R MD
	−0.364
	0.865
	0.677
	0.729

	Frontal SO density (F3)
	R VLD
	−0.248
	0.889
	0.783
	0.783

	Frontal SO density (F3)
	R CLp
	−0.701
	0.890
	0.438
	0.729

	Frontal SO density (F3)
	R VA
	−0.374
	0.873
	0.672
	0.729

	Frontal SO density (F3)
	R VLV
	−0.451
	0.864
	0.606
	0.729

	Central SO density (C3)
	L Pul
	0.120
	0.720
	0.869
	0.989

	Central SO density (C3)
	L AN
	0.302
	0.700
	0.670
	0.989

	Central SO density (C3)
	L MD
	0.121
	0.736
	0.871
	0.989

	Central SO density (C3)
	L VLD
	0.049
	0.738
	0.948
	0.989

	Central SO density (C3)
	L CLp
	−0.180
	0.778
	0.819
	0.989

	Central SO density (C3)
	L VA
	0.067
	0.746
	0.929
	0.989

	Central SO density (C3)
	L VLV
	−0.125
	0.694
	0.859
	0.989

	Central SO density (C3)
	R Pul
	0.116
	0.732
	0.875
	0.989

	Central SO density (C3)
	R AN
	0.576
	0.691
	0.412
	0.989

	Central SO density (C3)
	R MD
	0.539
	0.711
	0.455
	0.989

	Central SO density (C3)
	R VLD
	0.535
	0.730
	0.470
	0.989

	Central SO density (C3)
	R CLp
	0.135
	0.746
	0.858
	0.989

	Central SO density (C3)
	R VA
	0.490
	0.719
	0.501
	0.989

	Central SO density (C3)
	R VLV
	0.010
	0.733
	0.989
	0.989


Associations between thalamic nucleus volume and slow oscillation (SO) density at frontal (F3) and central (C3) derivations in the combined LBD (PD + DLB) cohort.
β is the standardised regression coefficient for nucleus volume (volume z-scored) from linear models adjusted for age and sex. P values were FDR-corrected within each derivation across nuclei. LBD, Lewy body disorders; SO, slow oscillation; β, standardised regression coefficient; SE, standard error; DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; PD, Parkinson's disease; SD, standard deviation
Thalamic nuclei: AN, anterior; CLp, central lateral / lateral posterior / medial pulvinar; MD, mediodorsal; Pul, pulvinar; VA, ventral anterior; VLD, ventral latero-dorsal; VLV, ventral latero-ventral.

Supplementary Table 16. Associations Between Global Cortical Thickness and Spindle–Slow Oscillation Coupling in Lewy Body Disorders
	Coupling measure
	β
	p

	Slow spindle–SO coupling magnitude (z-score)
	2.249
	0.049

	Fast spindle–SO coupling magnitude (z-score)
	0.272
	0.738


Associations between global (whole-cortex mean) cortical thickness and spindle–slow oscillation (SO) coupling in the combined Lewy body disorder (LBD; PD + DLB) cohort.
Each row is a separate linear regression with global cortical thickness as predictor and the coupling measure (averaged across frontal and central electrodes) as outcome, adjusted for age and sex. β is the unstandardised regression coefficient (coupling magnitude in surrogate-corrected z-score units per mm cortical thickness;). Bold indicates p < 0.05.
DLB, dementia with Lewy bodies; HC, healthy controls; LBD, Lewy body disorders; PD, Parkinson's disease; SO, slow oscillation; β, regression coefficient.

Supplementary Table 17. Associations Between Global Cortical Thickness and Spindle Density in Lewy Body Disorders
	Spindle measure
	β
	SE
	p
	R²
	pFDR

	Frontal — fast
	0.818
	0.080
	0.233
	0.26
	0.350

	Frontal — slow
	1.882
	0.132
	0.102
	0.17
	0.244

	Central — fast
	1.271
	0.095
	0.122
	0.33
	0.244

	Central — slow
	0.028
	0.084
	0.968
	0.20
	0.968


Associations between global cortical thickness and spindle density in the combined LBD (PD + DLB) cohort.
β is the standardised regression coefficient for global cortical thickness from linear models adjusted for age and sex. P values were FDR-corrected across measures.
DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; LBD, Lewy body disorders; PD, Parkinson's disease; R², coefficient of determination; SD, standard deviation; SE, standard error; β, standardised regression coefficient.

Supplementary Table 18. Associations Between Global Cortical Thickness and Slow Oscillation Density in Lewy Body Disorders
	Channel
	β
	SE
	p
	R²
	pFDR

	SO density — SO_RATE (per min)
	
	
	
	
	

	F3
	−1.343
	0.890
	0.144
	0.24
	0.578

	F4
	0.205
	0.606
	0.738
	0.30
	0.949

	FZ
	−0.053
	0.852
	0.951
	0.19
	0.991

	C3
	−0.477
	0.771
	0.542
	0.35
	0.813

	C4
	0.627
	0.619
	0.321
	0.33
	0.578

	CZ
	0.011
	0.977
	0.991
	0.15
	0.991

	PZ
	1.308
	1.119
	0.257
	0.16
	0.578

	O1
	0.588
	0.494
	0.246
	0.36
	0.578

	O2
	1.734
	0.854
	0.054
	0.21
	0.482


Associations between global cortical thickness and slow oscillation (SO) density in the combined LBD cohort, per derivation.
β is the standardised regression coefficient for global cortical thickness from linear models adjusted for age and sex. P values were FDR-corrected across derivations.
DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; LBD, Lewy body disorders; PD, Parkinson's disease; R², coefficient of determination; SD, standard deviation; SE, standard error; SO, slow oscillation; β, standardised regression coefficient.

Supplementary Table 19. Associations Between Sleep Measures and Clinical Severity in Lewy Body Disorders
	Sleep measure
	Electrode
	β
	p
	pFDR

	Motor severity (MDS-UPDRS III)
	
	
	
	

	Frontal electrode (F3)
	
	
	
	

	Slow spindle density (events/min)
	F3
	−0.022
	0.004
	0.057

	Slow spindle–SO coupling magnitude (z-score)
	F3
	−0.057
	0.065
	0.179

	Fast spindle density (events/min)
	F3
	−0.006
	0.211
	0.263

	Fast spindle–SO coupling magnitude (z-score)
	F3
	−0.044
	0.071
	0.179

	Slow oscillation density (events/min)
	F3
	−0.003
	0.439
	0.549

	Frontal beta power (dB)
	F3
	0.329
	0.210
	0.263

	Central electrode (C3)
	
	
	
	

	Slow spindle density (events/min)
	C3
	−0.012
	0.014
	0.107

	Slow spindle–SO coupling magnitude (z-score)
	C3
	−0.003
	0.360
	0.450

	Fast spindle density (events/min)
	C3
	−0.005
	0.294
	0.367

	Fast spindle–SO coupling magnitude (z-score)
	C3
	−0.048
	0.098
	0.209

	Slow oscillation density (events/min)
	C3
	−0.001
	0.481
	0.549

	Global cognition (MMSE)
	
	
	
	

	Frontal electrode (F3)
	
	
	
	

	Slow spindle density (events/min)
	F3
	0.047
	0.075
	0.283

	Frontal beta power (dB)
	F3
	−0.416
	0.056
	0.279

	Slow spindle–SO coupling magnitude (z-score)
	F3
	0.119
	0.250
	0.468

	Fast spindle density (events/min)
	F3
	0.025
	0.266
	0.468

	Slow oscillation density (events/min)
	F3
	0.144
	0.243
	0.468

	Fast spindle–SO coupling magnitude (z-score)
	F3
	0.076
	0.359
	0.468

	Central electrode (C3)
	
	
	
	

	Slow spindle density (events/min)
	C3
	0.042
	0.006
	0.086

	Slow oscillation density (events/min)
	C3
	0.171
	0.135
	0.341

	Slow spindle–SO coupling magnitude (z-score)
	C3
	0.058
	0.336
	0.468

	Fast spindle density (events/min)
	C3
	0.027
	0.272
	0.468

	Fast spindle–SO coupling magnitude (z-score)
	C3
	0.014
	0.888
	0.892


Associations between NREM sleep measures and clinical severity (motor, cognitive and sleep scales) in the combined LBD cohort.
Values are regression coefficients from linear models adjusted for age and sex. P values were FDR-corrected. Clinical associations were considered secondary analyses.
MDS-UPDRS III, Movement Disorder Society Unified Parkinson's Disease Rating Scale Part III; MMSE, Mini-Mental State Examination; DLB, dementia with Lewy bodies; FDR, false discovery rate; HC, healthy controls; NREM, non-rapid eye movement sleep; PD, Parkinson's disease; SD, standard deviation.
