Supplementary Information
Supplementary Table 1. Associations between FSH and gray matter volume in AD-regions excluding regional effects of LH levels

	Cluster extent
	Coordinates
x, y, z
	Z
	PFWE cluster*
	P voxel 
	Anatomical Region
	Brodmann Area

	Overall

	29
	-10 52 27
	4.21
	0.011
	<0.001
	Left Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	9

	44
	33 35 26
	3.96
	0.006
	<0.001
	Right Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	9

	56
	6 59 20
	3.89
	0.004
	<0.001
	Right Cerebrum, Frontal Lobe, Medial Frontal Gyrus
	10

	
	6 52 26
	3.44
	
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	9

	46
	14 28 -20
	3.89
	0.006
	<0.001
	Right Cerebrum, Frontal Lobe, Inferior Frontal Gyrus
	11

	37
	10 53 -21
	3.64
	0.008
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	11

	31
	-43 -43 -10
	3.35
	0.010
	<0.001
	Left Cerebrum, Temporal Lobe, Sub-Gyral
	37

	16
	47 25 -11
	3.30
	0.020
	<0.001
	Right Cerebrum, Frontal Lobe, Inferior Frontal Gyrus
	47

	
	53 31 -10
	3.14
	
	<0.001
	Right Cerebrum, Frontal Lobe, Inferior Frontal Gyrus
	47

	Post-menopausal group

	17
	16 37 47
	4.56
	0.007
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	8

	45
	-39 -23 -16
	3.88
	0.002
	<0.001
	Left Cerebrum, Temporal Lobe, Parahippocampal Gyrus
	36

	40
	49 33 -5
	3.81
	0.003
	<0.001
	Right Cerebrum, Frontal Lobe, Inferior Frontal Gyrus
	47

	Peri-menopausal group

	48
	-45 -43 40
	4.41
	0.003
	<0.001
	Left Cerebrum, Parietal Lobe, Inferior Parietal Lobule
	40

	32
	-41 -48 -7
	3.87
	0.006
	<0.001
	Left Cerebrum, Temporal Lobe, Fusiform Gyrus
	37

	26
	-37 20 32
	3.83
	0.008
	<0.001
	Left Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	9

	25
	8 57 -19
	3.68
	0.008
	<0.001
	Right Cerebrum, Frontal Lobe, Medial Frontal Gyrus
	11

	16
	35 33 24
	3.67
	0.013
	<0.001
	Right Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	9

	17
	-37 41 15
	3.62
	0.012
	<0.001
	Left Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	10

	Pre-menopausal group

	73
	6 54 25
	4.51
	0.001
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	9

	31
	-29 27 42
	3.92
	0.005
	<0.001
	Left Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	8

	17
	-18 50 26
	3.84
	0.011
	<0.001
	Left Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	9

	16
	29 36 37
	3.82
	0.012
	<0.001
	Right Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	9

	29
	8 39 44
	3.56
	0.006
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	8

	
	2 31 48
	3.21
	
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	8


*p<0.05 cluster-level corrected for Family-Type Wise Error (FWE) within the ADMASK, adjusted by age, menopause status and total intracranial volume.



Supplementary Table 2. Associations between LH and gray matter volume in AD-regions excluding regional effects of FSH levels

	Cluster extent
	Coordinates x, y, z
	Z
	PFWE cluster*
	P voxel 
	Anatomical Region
	Brodmann Area

	Overall

	106
	-6 -71 48
	3.91
	0.001
	<0.001
	Left Cerebrum, Parietal Lobe, Precuneus
	7

	
	-4 -55 55
	3.59
	
	<0.001
	Left Cerebrum, Parietal Lobe, Precuneus
	7

	
	-16 -70 51
	3.55
	
	<0.001
	Left Cerebrum, Parietal Lobe, Precuneus
	7

	23
	10 -53 58
	3.66
	0.013
	<0.001
	Right Cerebrum, Parietal Lobe, Precuneus
	7

	45
	6 37 47
	3.61
	0.005
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	8

	21
	-25 39 32
	3.52
	0.014
	<0.001
	Left Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	9

	Post-menopausal

	72
	10 35 44
	4.76
	<0.001
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	8

	Peri-menopausal

	n.s.
	
	
	
	
	
	

	Pre-menopausal

	23
	4 31 48
	3.60
	0.007
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	8


*p<0.05 cluster-level corrected for Family-Type Wise Error (FWE) within the ADMASK. 
Overall results are adjusted by age, menopause status and total intracranial volume. Results within each menopausal group are adjusted by age and total intracranial volume.



[bookmark: _heading=h.1v6qyreyb3o8][bookmark: _heading=h.xi6s9y96290b]Supplementary Table 3. Associations of FSH and MRI gray matter volume excluding regional effects of estradiol (E2) levels

	Cluster extent
	Coordinates x, y, z
	Z
	PFWE cluster*
	P voxel 
	Anatomical Region
	Brodmann Area

	29
	-10 52 27
	4.21
	0.013
	<0.001
	Left Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	9

	44
	33 35 26
	3.96
	0.007
	<0.001
	Right Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	9

	56
	6 59 20
	3.89
	0.005
	<0.001
	Right Cerebrum, Frontal Lobe, Medial Frontal Gyrus
	10

	
	6 52 26
	3.44
	
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	9

	32
	14 28 -20
	3.89
	0.012
	<0.001
	Right Cerebrum, Frontal Lobe, Inferior Frontal Gyrus
	11

	37
	10 53 -21
	3.64
	0.009
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	11

	34
	8 35 44
	3.54
	0.011
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	8

	27
	-8 -69 49
	3.54
	0.014
	<0.001
	Left Cerebrum, Parietal Lobe, Precuneus
	7

	31
	-42 -48 -16
	3.25
	0.012
	0.001
	Left Cerebrum, Temporal Lobe, Fusiform Gyrus
	37

	16
	47 25 -11
	3.30
	0.024
	<0.001
	Right Cerebrum, Frontal Lobe, Inferior Frontal Gyrus
	47

	
	53 31 -10
	3.14
	
	<0.001
	Right Cerebrum, Frontal Lobe, Inferior Frontal Gyrus
	47


*p<0.05 cluster-level corrected for Family-Type Wise Error (FWE) within the ADMASK,  adjusted by age, menopause status and total intracranial volume.
As E2 levels are associated with GMV across all participants but not within each menopause groups, subtraction analysis was restricted to overall effects. 


Supplementary Table 4. Associations of LH and MRI gray matter volume excluding regional effects of estradiol (E2) levels 

	Cluster extent
	Coordinates x, y, z
	Z
	PFWE cluster*
	P voxel 
	Anatomical Region
	Brodmann Area

	132
	-6 -69 48
	4.01
	<0.001
	<0.001
	Left Cerebrum, Parietal Lobe, Precuneus
	7

	
	-4 -55 55
	3.59
	
	<0.001
	Left Cerebrum, Parietal Lobe, Precuneus
	7

	
	-16 -70 51
	3.55
	
	<0.001
	Left Cerebrum, Parietal Lobe, Precuneus
	7

	78
	8 35 44
	3.90
	0.002
	<0.001
	Right Cerebrum, Frontal Lobe, Superior Frontal Gyrus
	8

	23
	10 -53 58
	3.66
	0.012
	<0.001
	Right Cerebrum, Parietal Lobe, Precuneus
	7

	21
	-25 39 32
	3.52
	0.013
	<0.001
	Left Cerebrum, Frontal Lobe, Middle Frontal Gyrus
	9


*p<0.05 cluster-level corrected for Family-Type Wise Error (FWE) within the ADMASK, adjusted by age, menopause status and total intracranial volume.

As E2 levels are associated with GMV across all participants but not within each menopause groups, subtraction analysis was restricted to overall effects.


Supplementary Table 5. Associations between FSH, LH and cognition
	
	FSH
	LH

	
	R Square
	Std. beta coefficient
	SE
	P
	R Square
	Std. beta coefficient
	SE
	P

	Overall
	
	
	
	
	
	
	
	

	global cognition
	.008
	-.092
	.001
	.218
	.001
	-.032
	.003
	.670

	memory
	.006
	-.077
	.001
	.316
	.002
	-.046
	.003
	.534

	Post-menopause
	
	
	
	
	
	
	
	

	global cognition
	.028
	-.166
	.003
	.151
	.003
	.054
	.006
	.648

	memory
	.028
	-.168
	.003
	.158
	.002
	.049
	.005
	.669

	Peri-menopause
	
	
	
	
	
	
	
	

	global cognition
	.021
	-.144
	.003
	.254
	.016
	-.128
	.005
	.325

	memory
	.028
	-.107
	.003
	.408
	.021
	-.145
	.005
	.252

	Pre-menopause
	
	
	
	
	
	
	
	

	global cognition
	.001
	.035
	.011
	.829
	.030
	-.174
	.017
	.282

	memory
	.004
	-.067
	.011
	.682
	.013
	-.113
	.017
	.480


Results are adjusted by age and education.

