
Table S1 Causality of the risk for NOx in European and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5
.).

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

NOx

European

Trigeminal neuralgia 0.81 (0.01,

4.67)

0.92 0.18 (0.00,

2.96)

0.51 27.92 (0.00,

5.70e+12)

0.81

Epilepsy 0.41 (0.06,

2.91)

0.37 1.08 (0.14,

8.36)

0.93 46.15 (0.00,

2.40e+6)

0.53

Parkinson's disease 1.14 (0.16,

7.97)

0.90 1.83 (0.15,

22.82)

0.64 30.76 (0.00,

3.17e+5)

0.51

Alzheimer's disease 1.64 (0.92,

2.91)

0.09 1.99 (0.97,

4.08)

0.06 4.62 (0.41,

52.08)

0.82

Major depressive

disorder

0.08 (0.00,

1.73)

0.11 0.04 (0.00,

0.47)

0.01 2.57e+4

(1.51e-6,

4.37e+14)

0.45

Obsessive Compulsive

Disorder

0.73 (0.07,

8.20)

0.80 0.96 (0.05,

18.41)

0.98 0.00

(3.39e-8,

82.37)

0.31

Stroke 0.71 (0.39,

1.29)

0.26 0.91 (0.44,

1.91)

0.81 0.54 (0.04,

8.36)

0.68

Intracerebral

hemorrhage

0.60 (0.06,

6.28)

0.67 0.81 (0.05,

12.24)

0.88 589.43

(0.01,

3.84e+7)

0.32

Subarachnoid

hemorrhage

8.20 (0.19,

363.54)

0.28 18.25 (0.71,

466.30)

0.08 7.75e+6

(0.99,

6.05e+13)

0.12

Transient ischemic

attack

0.30 (0.03,

2.67)

0.28 0.26 (0.04,

1.87)

0.18 0.82

(5.38e-7,

1.26e+6)

0.98

Cerebral infarction 1.01 (1.00,

1.03)

0.07 1.01 (0.99,

1.03)

0.39 0.97 (0.92,

1.03)

0.39

Cerebral aneurysm 0.45 (0.01,

15.05)

0.65 0.90 (0.03,

24.47)

0.95 0.06

(3.44e-11,

1.17e+8)

0.81

Cervical spondylosis 0.99 (0.97,

1.00)

0.06 0.99 (0.97,

1.00)

0.10 1.03 (0.97,

1.09)

0.36

Spinal canal stenosis 1.81 (0.61,

5.35)

0.28 2.49 (0.59,

10.45)

0.21 7.59 (0.04,

1394.37)

0.49

spinal meningioma 1.59e+3

(0.07,

3.64e+7)

0.15 9.44e+5

(1.28,

6.94e+11)

0.04 1.25e-3

(4.26e-31,

3.69e+34)

0.85

Spinal osteochondrosis 2.54

(4.75e-7,

1.35e+4)

0.83 133.78

(2.28e-3,

7.85e+6)

0.38 8.30e+7

(5.52e-16,

1.25e+31)

0.54



Table S2 Causality of the risk for NOx in African American or

Intracranial and

intraspinal abscess

6.66

(7.37e-4,

6.03e+4)

0.68 0.02

(7.73e-8,

3.82e+3)

0.52 5.10e+14

(4.38e-9,

5.94e+37)

0.28

Cervical spinal cord

and nerve injuries

150.19 (0.17,

1.31e+5)

0.15 864.21

(0.11,

6.51e+6)

0.14 7.28e+5

(4.21e-12,

1.26e+23)

0.54

Glioblastoma 39.01

(5.04e-4,

3.02e+6)

0.52 16.36

(1.44e-5,

1.86e+7)

0.69 4.88e+6

(1.99e-22,

1.20e+35)

0.67

Benign meningioma 4.52 (0.18,

112.85)

0.36 1.55 (0.03,

93.79)

0.83 4176.11

(3.14e-5,

5.55e+11)

0.43

Malignant meningioma 18.66 (0.23,

1.51e+3)

0.19 7.45 (0.03,

1.91e+3)

0.48 3.03e+4

(3.04e-8,

3.02e+16)

0.50

Pituitary adenoma and

craniopharyngioma

0.43

(3.57e-3,

52.46)

0.73 2.09

(8.38e-3,

519.19)

0.79 9.39e-8

(1.38e-19,

6.38e+4)

0.31

Benign neoplasm of

brain and other parts

of CNS

0.62

(7.19e-3,

53.79)

0.83 2.47 (0.02,

3.32e+2)

0.72 0.02

(6.21e-15,

6.87e+10)

0.81

Malignant neoplasm of

brain and other parts

of CNS

0.02

(1.02e-15,

45.42)

0.33 0.01

(1.04e-6,

2.01e+2)

0.38 0.27

(1.48e-20,

4.92e+18)

0.96

Hydrocephalus 2.70

(5.07e-2,

144.11)

0.62 0.95

(6.68e-3,

135.84)

0.98 6.05e-4

(4.36e-14,

8.40e+6)

0.57

Craniosynostosis 0.09

(3.64e-4,

24.10)

0.40 0.15

(1.26e-4,

1.72e+2)

0.59 0.00

(6.78e-20,

6.54e+11)

0.67

Concussion 0.83 (0.27,

2.57)

0.75 0.92 (0.22,

3.78)

0.90 17.80 (0.02,

1.30e+4)

0.44

Diffuse brain injury 1.59 (0.01,

1.92e+2)

0.85 0.69

(2.87e-3,

1.68e+2)

0.90 6.24e-6

(1.61e-18,

2.42e+7)

0.46

Focal brain injury 0.69

(2.43e-2,

19.37)

0.82 0.82 (0.01,

51.63)

0.93 0.03

(7.43e-11,

8.66e+6)

0.73

Congenital

malformations of the

nervous system

1.81

(2.05e-3,

1.60e+3)

0.86 18.71

(4.86e-3,

7.20e+4)

0.49 1.68e-8

(1.09e-25,

2.57e+9)

0.43



Afro-Caribbean and Neurosurgical multisystem diseases outcomes (p < 1 ×

10−5
.).

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

NOx

African

American or

Afro-Caribbean

Trigeminal neuralgia 0.63 (0.44,

0.90)

0.01 0.67 (0.41,

1.09)

0.10 0.55 (0.28,

1.09)

0.11

Epilepsy 1.01 (0.91,

1.13)

0.82 1.02 (0.87,

1.20)

0.78 1.13 (0.90,

1.41)

0.31

Parkinson's disease 1.09 (0.93,

1.28)

0.31 1.16 (0.93,

1.45)

0.18 1.22 (0.89,

1.68)

0.23

Alzheimer's disease 0.98 (0.92,

1.03)

0.42 0.97 (0.91,

1.05)

0.47 1.03 (0.93,

1.14)

0.58

Major depressive

disorder

0.73 (0.07,

8.20)

0.80 0.96 (0.05,

18.41)

0.98 1.23 (0.75,

2.02)

0.43

Obsessive Compulsive

Disorder

1.00 (0.76,

1.30)

0.98 1.09 (0.81,

1.47)

0.56 1.17 (0.69,

1.97)

0.57

Stroke 1.02 (0.97,

1.07)

0.46 1.00 (0.93,

1.07)

0.99 0.95 (0.87,

1.04)

0.31

Intracerebral

hemorrhage

0.90 (0.77,

1.05)

0.17 0.99 (0.80,

1.22)

0.92 1.02 (0.75,

1.38)

0.92

Subarachnoid

hemorrhage

0.88

(0.74,1.05 )

0.16 0.84 (0.66,

1.07)

0.16 0.80 (0.55,

1.16)

0.25

Transient ischemic

attack

1.12 (0.99,

1.26)

0.06 1.13 (0.96,

1.32)

0.15 1.05 (0.83,

1.32)

0.70

Cerebral infarction 1.00 (1.00,

1.00)

0.63 1.00 (1.00,

1.00)

0.27 1.00 (1.00,

1.00)

0.88

Cerebral aneurysm 0.86 (0.74,

0.99)

0.03 0.89 (0.73,

1.09)

0.25 1.12 (0.83,

1.50)

0.48

Cervical spondylosis 1.00 (1.00,

1.00)

0.28 1.00 (1.00,

1.00)

0.17 1.00 (1.00,

1.00)

0.71

Spinal canal stenosis 0.99 (0.89,

1.10)

0.89 1.02 (0.89,

1.17)

0.80 1.01 (0.82,

1.26)

0.90

spinal meningioma 1.48 (0.59,

3.74)

0.40 1.27 (0.36,

4.48)

0.71 1.25 (0.22,

7.24)

0.81

Spinal

osteochondrosis

1.35 (0.64,

2.84)

0.43 1.42 (0.47,

4.25)

0.53 2.82 (0.68,

11.71)

0.17

Intracranial and

intraspinal abscess

0.81 (0.31,

2.14)

0.67 0.41 (0.12,

1.39)

0.15 0.29 (0.05,

1.79)

0.20

Cervical spinal cord

and nerve injuries

1.06 (0.56,

1.99)

0.86 1.40 (0.59,

3.32)

0.44 2.31 (0.69,

7.75)

0.19

Glioblastoma 0.61 (0.21,

1.74)

0.36 0.31 (0.07,

1.42)

0.13 0.54 (0.07,

3.98)

0.55

Benign meningioma 0.91 (0.68, 0.55 0.93 (0.62, 0.75 0.91 (0.51, 0.76



Table S3 Causality of the risk for NOx in South Asian and Neurosurgical

1.23) 1.42) 1.62)

Malignant meningioma 1.14 (0.76,

1.72)

0.53 1.41 (0.81,

2.44)

0.23 1.01 (0.45,

2.28)

0.98

Pituitary adenoma and

craniopharyngioma

1.19 (0.77,

1.86)

0.43 1.52 (0.85,

2.74)

0.16 1.25 (0.52,

2.98)

0.63

Benign neoplasm of

brain and other parts

of CNS

0.99 (0.71,

1.38)

0.96 1.14 (0.72,

1.80)

0.59 1.24 (0.66,

2.35)

0.51

Malignant neoplasm of

brain and other parts

of CNS

1.56 (0.76,

3.18)

0.22 1.28 (0.47,

3.49)

0.62 2.21 (0.57,

8.63)

0.27

Hydrocephalus 0.92 (0.63,

1.33)

0.65 0.89 (0.53,

1.51)

0.67 1.18 (0.58,

2.41)

0.65

Craniosynostosis 0.69 (0.42,

1.14)

0.15 0.73 (0.37,

1.46)

0.38 0.61 (0.23,

1.58)

0.32

Concussion 1.00 (0.88,

1.14)

0.99 0.97 (0.82,

1.13)

0.67 0.98 (0.77,

1.26)

0.90

Diffuse brain injury 0.86 (0.51,

1.45)

0.56 0.60 (0.35,

1.03)

0.06 0.41 (0.16,

1.04)

0.08

Focal brain injury 0.98 (0.65,

1.49)

0.93 1.24 (0.80,

1.93)

0.33 1.30 (0.58,

2.92)

0.53

Congenital

malformations of the

nervous system

0.65 (0.33,

1.26)

0.20 0.96 (0.40,

2.29)

0.93 0.51 (0.14,

1.89)

0.33



multisystem diseases outcomes (p < 1 × 10−5
.).

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

NOx

South Asian

Trigeminal neuralgia 0.95 (0.70,

1.28)

0.73 0.93 (0.63,

1.37)

0.71 1.18 (0.65,

2.13)

0.59

Epilepsy 1.04 (0.93,

1.16)

0.46 1.08 (0.93,

1.26)

0.33 1.11 (0.88,

1.41)

0.38

Parkinson's disease 1.05 (0.89,

1.24)

0.54 1.00 (0.79,

1.25)

0.97 0.89 (0.65,

1.24)

0.51

Alzheimer's disease 1.01 (0.96,

1.06)

0.81 0.99 (0.93,

1.07)

0.89 0.97 (0.88,

1.08)

0.08

Major depressive

disorder

0.91 (0.75,

1.11)

0.36 0.92 (0.70,

1.21)

0.55 0.81 (0.44,

1.50)

0.51

Obsessive Compulsive

Disorder

0.92 (0.71,

1.18)

0.49 1.01 (0.73,

1.41)

0.94 1.41 (0.88,

2.25)

0.17

Stroke 1.01 (0.94,

1.08)

0.81 0.98 (0.90,

1.06)

0.55 0.97 (0.85,

1.12)

0.70

Intracerebral

hemorrhage

1.11 (0.95,

1.31)

0.19 1.00 (0.80,

1.24)

0.97 0.88 (0.63,

1.24)

0.48

Subarachnoid

hemorrhage

1.06 (0.89,

1.27)

0.51 1.00 (0.79,

1.26)

0.97 1.12 (0.76,

1.66)

0.57

Transient ischemic

attack

1.06 (0.95,

1.17)

0.30 1.01 (0.88,

1.17)

0.84 0.99 (0.81,

1.21)

0.92

Cerebral infarction 1.00 (1.00,

1.00)

0.38 1.00 (1.00,

1.00)

0.89 1.00 (1.00,

1.00)

0.57

Cerebral aneurysm 1.04 (0.89,

1.22)

0.62 1.05 (0.84,

1.31)

0.67 1.34 (0.93,

1.94)

0.13

Cervical spondylosis 1.00 (1.00,

1.00)

0.22 1.00 (1.00,

1.00)

0.26 1.00 (1.00,

1.00)

0.56

Spinal canal stenosis 1.02 (0.90,

1.15)

0.81 1.02 (0.88,

1.20)

0.76 1.08 (0.83,

1.39)

0.58

spinal meningioma 1.25 (0.57,

2.72)

0.57 1.18 (0.41,

3.39)

0.76 2.55 (0.55,

11.83)

0.25

Spinal osteochondrosis 1.37 (0.74,

2.57)

0.32 0.99 (0.41,

2.43)

0.99 0.57 (0.16,

1.95)

0.38

Intracranial and

intraspinal abscess

1.37 (0.67,

2.79)

0.38 0.97 (0.36,

2.63)

0.95 0.83 (0.20,

3.35)

0.79

Cervical spinal cord

and nerve injuries

1.35 (0.79,

2.29)

0.27 1.28 (0.63,

2.57)

0.50 1.09 (0.38,

3.12)

0.87

Glioblastoma 0.76 (0.31,

1.83)

0.53 1.33 (0.40,

4.48)

0.64 1.12 (0.20,

6.44)

0.90

Benign meningioma 1.03 (0.80,

1.33)

0.80 0.89 (0.62,

1.27)

0.52 0.91 (0.55,

1.49)

0.71



Table S4 Causality of the risk for NOx in East Asian and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5
.).

Malignant meningioma 1.21 (0.85,

1.71)

0.29 1.26 (0.76,

2.07)

0.38 1.01 (0.50,

2.05)

0.97

Pituitary adenoma and

craniopharyngioma

0.84 (0.61,

1.15)

0.27 0.83 (0.53,

1.29)

0.40 0.98 (0.53,

1.81)

0.94

Benign neoplasm of

brain and other parts

of CNS

0.89 (0..68,

1.18)

0.43 0.90 (0.60,

1.34)

0.59 1.01 (0.58,

1.75)

0.97

Malignant neoplasm of

brain and other parts

of CNS

1.07 (0.48,

2.36)

0.87 1.18 (0.45,

3.05)

0.74 0.97 (0.19,

4.86)

0.97

Hydrocephalus 1.14 (0.78,

1.67)

0.50 1.00 (0.63,

1.58)

0.99 1.23 (0.56,

2.69)

0.61

Craniosynostosis 1.19 (0.78,

1.81)

0.41 1.09 (0.60,

1.99)

0.78 1.14 (0.50,

2.60)

0.76

Concussion 1.05 (0.95,

1.15)

0.38 1.06 (0.93,

1.20)

0.41 1.06 (0.87,

1.30)

1.06

Diffuse brain injury 0.89 (0.64,

1.23)

0.47 0.99 (0.61,

1.60)

0.97 1.26 (0.66,

2.42)

0.49

Focal brain injury 1.15 (0.88,

1.51)

0.31 1.47 (1.02,

2.12)

0.04 1.52 (0.89,

2.58)

0.14

Congenital

malformations of the

nervous system

1.04 (0.62,

1.77)

0.87 1.54 (0.73,

3.26)

0.26 0.99 (0.35,

2.79)

0.98



Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

NOx

East Asian

Trigeminal neuralgia 1.02 (0.86,

1.21)

0.84 1.13 (0.89,

1.43)

0.31 1.37 (0.93,

2.04)

0.15

Epilepsy 1.03 (0.96,

1.10)

0.47 1.01 (0.92,

1.10)

0.89 0.95 (0.80,

1.12)

0.53

Parkinson's disease 0.99 (0.90,

1.10)

0.87 1.02

(0.89,1.17)

0.76 0.82 (0.66,

1.03)

0.12

Alzheimer's disease 0.98 (0.95,

1.01)

0.16 0.98 (0.94,

1.02)

0.34 0.98 (0.91,

1.05)

0.52

Major depressive

disorder

0.97 (0.90,

1.06)

0.53 1.02 (0.91,

1.15)

0.73 1.13 (0.90,

1.42)

0.33

Obsessive Compulsive

Disorder

1.05 (0.91,

1.22)

0.51 0.99 (0.82,

1.19)

0.91 1.07 (0.75,

1.53)

0.72

Stroke 1.01 (0.96,

1.05)

0.83 1.02 (0.98,

1.07)

0.26 1.07 (0.96,

1.19)

0.27

Intracerebral

hemorrhage

1.06 (0.96,

1.17)

0.22 1.08 (0.94,

1.23)

0.28 1.14 (0.89,

1.46)

0.32

Subarachnoid

hemorrhage

0.97 (0.83,

1.13)

0.71 0.93 (0.78,

1.10)

0.41 0.71 (0.51,

0.99)

0.07

Transient ischemic

attack

1.05 (0.98,

1.13)

0.15 1.05 (0.97,

1.13)

0.22 1.11 (0.94,

1.31)

0.25

Cerebral infarction 1.00 (1.00,

1.00)

0.18 1.00 (1.00,

1.00)

0.83 1.00 (1.00,

1.00)

0.78

Cerebral aneurysm 0.96 (0.86,

1.07)

0.49 0.95 (0.83,

1.09)

0.47 0.85 (0.62,

1.16)

0.33

Cervical spondylosis 1.00 (1.00,

1.00)

0.34 1.00 (1.00,

1.00)

0.69 1.00 (1.00,

1.00)

0.93

Spinal canal stenosis 1.03 (0.98,

1.09)

0.25 1.02 (0.94,

1.09)

0.67 1.01 (0.89,

1.14)

0.89

spinal meningioma 0.72 (0.46,

1.14)

0.16 0.72 (0.39,

1.31)

0.28 0.60 (0.22,

1.68)

0.36

Spinal osteochondrosis 0.89 (0.60,

1.34)

0.59 0.79 (0.47,

1.32)

0.36 0.49 (0.21,

1.17)

0.15

Intracranial and

intraspinal abscess

0.90 (0.60,

1.35)

0.61 1.01 (0.56,

1.84)

0.97 1.54 (0.61,

3.91)

0.39

Cervical spinal cord

and nerve injuries

1.19 (0.88,

1.62)

0.26 1.18 (0.77,

1.80)

0.45 1.41 (0.70,

2.83)

0.36

Glioblastoma 1.04 (0.62,

1.75)

0.87 1.27 (0.61,

2.62)

0.52 2.06 (0.64,

6.62)

0.26

Benign meningioma 0.91 (0.79,

1.05)

0.21 0.92 (0.74,

1.13)

0.41 0.80 (0.58,

1.12)

0.23



Table S5 Causality of the risk for NOx in Greater Middle Eastern and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5
.).

Malignant meningioma 1.01 (0.81,

1.25)

0.93 0.95 (0.72,

1.26)

0.73 0.75 (0.47,

1.20)

0.27

Pituitary adenoma and

craniopharyngioma

0.97 (0.80,

1.18)

0.76 0.96 (0.75,

1.24)

0.78 0.84 (0.53,

1.33)

0.48

Benign neoplasm of

brain and other parts

of CNS

1.03 (0.81,

1.30)

0.81 1.02 (0.81,

1.30)

0.85 0.79 (0.47,

1.33)

0.40

Malignant neoplasm of

brain and other parts

of CNS

1.58 (1.12,

2.24)

0.01 1.24 (0.77,

2.00)

0.37 0.78 (0.35,

1.71)

0.55

Hydrocephalus 1.03 (0.86,

1.25)

0.74 1.08 (0.84,

1.39)

0.56 0.93 (0.59,

1.45)

0.75

Craniosynostosis 1.08 (0.80,

1.46)

0.60 1.18 (0.85,

1.64)

0.32 1.58 (0.82,

3.07)

0.21

Concussion 1.00 (0.94,

1.06)

0.95 0.95 (0.88,

1.03)

0.22 0.91 (0.80,

1.04)

0.21

Diffuse brain injury 0.89 (0.73,

1.09)

0.28 0.90 (0.69,

1.19)

0.47 0.77 (0.48,

1.24)

0.31

Focal brain injury 1.07 (0.92,

1.24)

0.39 1.06 (0.86,

1.30)

0.60 1.06 (0.75,

1.49)

0.75

Congenital

malformations of the

nervous system

1.06 (0.75,

1.49)

0.75 1.34 (0..87,

2.07)

0.19 1.53 (0.71,

3.32)

0.31

Outcome IVW Weighted Median MR-Egger



OR (95% CI) P OR (95% CI) P OR (95% CI) P

NOx

Greater

Middle

Eastern

Trigeminal neuralgia 1.07 (0.90,

1.28)

0.43 1.06 (0.86,

1.30)

0.60 1.18 (0.78,

1.79)

0.45

Epilepsy 0.98 (0.92,

1.05)

0.56 0.97 (0.90,

1.05)

0.51 0.97 (0.82,

1.15)

0.72

Parkinson's disease 0.97 (0.89,

1.06)

0.50 1.02 (0.92,

1.14)

0.67 1.05 (0.84,

1.30)

0.69

Alzheimer's disease 1.00 (0.97,

1.03)

0.96 0.99 (0.96,

1.02)

0.65 1.01 (0.94,

1.08)

0.79

Major depressive

disorder

1.03 (0.94,

1.13)

0.51 1.05 (0.93,

1.18)

0.42 0.99 (0.68,

1.43)

0.95

Obsessive Compulsive

Disorder

0.98 (0.88,

1.10)

0.77 0.94 (0.80,

1.11)

0.47 1.03 (0.76,

1.41)

0.84

Stroke 0.99 (0.96,

1.01)

0.32 0.98 (0.95,

1.02)

0.32 0.99 (0.93,

1.05)

0.71

Intracerebral

hemorrhage

0.99 (0.90,

1.08)

0.76 0.97 (0.86,

1.09)

0.58 1.20 (0.97,

1.48)

0.10

Subarachnoid

hemorrhage

1.01 (0.93,

1.10)

0.76 1.02 (0.90,

1.14)

0.80 1.08 (0.87,

1.34)

0.50

Transient ischemic

attack

1.01 (0.97,

1.06)

0.57 1.01 (0.95,

1.08)

0.75 1.03 (0.93,

1.15)

0.57

Cerebral infarction 1.00 (1.00,

1.00)

0.90 1.00 (1.00,

1.00)

0.98 1.00 (1.00,

1.00)

0.80

Cerebral aneurysm 0.98 (0.91,

1.06)

0.59 0.93 (0.84,

1.04)

0.23 1.04 (0.85,

1.27)

0.73

Cervical spondylosis 1.00 (1.00,

1.00)

0.27 1.00 (1.00,

1.00)

0.28 1.00 (1.00,

1.00)

0.26

Spinal canal stenosis 0.99 (0.95,

1.03)

0.65 0.99 (0.94,

1.05)

0.86 1.07 (0.97,

1.18)

0.21

spinal meningioma 0.75 (0.52,

1.08)

0.13 0.70 (0.43,

1.14)

0.15 0.79 (0.34,

1.84)

0.59

Spinal osteochondrosis 1.10 (0.80,

1.51)

0.57 1.05 (0.68,

1.62)

0.84 0.82 (0.39,

1.73)

0.61

Intracranial and

intraspinal abscess

1.16 (0.74,

1.83)

0.52 0.97 (0.56,

1.69)

0.92 0.61 (0.22,

1.70)

0.36

Cervical spinal cord

and nerve injuries

0.83 (0.65，

1.07)

0.15 0.82 (0.57,

1.19)

0.30 0.82 (0.45,

1.49)

0.53

Glioblastoma 0.76 (0.50,

1.17)

0.22 0.56 (0.31,

1.02)

0.06 0.83 (0.30,

2.31)

0.72

Benign meningioma 1.04 (0.89,

1.21)

0.65 0.97 (0.81,

1.16)

0.71 0.98 (0.68,

1.43)

0.93

Malignant meningioma 1.07 (0.89,

1.29)

0.48 0.99 (0.78,

1.27)

0.96 1.05 (0.67,

1.64)

0.85



Table S6 Causality of the risk for NO2 in European and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5
.).

Pituitary adenoma and

craniopharyngioma

0.97 (0.83,

1.12)

0.65 1.04 (0.85,

1.28)

0.69 1.05 (0.74,

1.48)

0.79

Benign neoplasm of

brain and other parts

of CNS

0.93 (0.82,

1.06)

0.30 1.01 (0.84,

1.22)

0.92 1.19 (0.88,

1.62)

0.27

Malignant neoplasm of

brain and other parts

of CNS

1.10 (0.83,

1.46)

0.50 1.10 (0.73,

1.66)

0.65 1.10 (0.57,

2.11)

0.79

Hydrocephalus 0.98 (0.85,

1.14)

0.82 0.92 (0.74,

1.15)

0.46 0.81 (0.58,

1.14)

0.25

Craniosynostosis 0.93 (0.72,

1.20)

0.58 0.99 (0.73,

1.35)

0.95 1.16 (0.63,

2.12)

0.64

Concussion 1.03 (0.99,

1.07)

0.20 1.02 (0.96,

1.08)

0.55 0.99 (0.90,

1.10)

0.92

Diffuse brain injury 0.87 (0.75,

1.02)

0.09 0.90 (0.72,

1.12)

0.34 1.03 (0.72,

1.48)

0.87

Focal brain injury 0.92 (0.80,

1.04)

0.18 0.89 (0.74,

1.07)

0.22 0.88 (0.65,

1.20)

0.43

Congenital

malformations of the

nervous system

0.85 (0.66,

1.09)

0.19 0.86 (0.61,

1.23)

0.41 0.59 (0.33,

1.05)

0.10

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P



NO2

European

Trigeminal neuralgia 4.53 (0.05,

442.66)

0.52 11.38 (0.05,

2.47e+3)

0.38 0.00 (1.98e-12,

2.14e+5)

0.54

Epilepsy 0.40 (0.06,

2.64)

0.34 0.72 (0.12,

4.50)

0.73 38.04 (0.05,

3.12e+4)

0.40

Parkinson's disease 5.19 (0.13,

2.13e+2)

0.39 4.29 (0.19,

95,12)

0.36 1.26e+4 (0.00,

2.87e+11)

0.35

Alzheimer's disease 1.30 (0.54,

3.14)

0.56 1.53 (0.70,

3.37)

0.29 0.18 (0.00,

12.60)

0.51

Major depressive

disorder

0.01 (4.29e-3,

2.72)

0.18 0.08 (4.43e-3,

1.31)

0.08 1.93e-9

(3.98e-15,

9.35e-4)

0.10

Obsessive Compulsive

Disorder

3.78 (0.26,

55.10)

0.33 2.76 (0.13,

58.01)

0.51 5.63 (1.12e-5,

2.83e+6)

0.82

Stroke 1.59 (0.82,

3.07)

0.17 1.32 (0.59,

2.92)

0.50 7.07 (0.44,

112.54)

0.30

Intracerebral

hemorrhage

0.88 (0.03,

26.49)

0.94 0.22 (0.02,

3.11)

0.26 8.05e-5

(3.10e-9, 2.09)

0.21

Subarachnoid

hemorrhage

1.28 (0.06,

27.28)

0.87 0.46 (0.03,

7.27)

0.58 0.16 (5.63e-8,

4.80e+5)

0.83

Transient ischemic

attack

1.82 (0.39,

8.55)

0.45 2.09 (0.37,

11.83)

0.41 202.69 (0.36,

1.13e+5)

0.24

Cerebral infarction 1.03 (1.01,

1.06)

0.01 1.02 (1.00,

1.04)

0.04 1.12 (1.04,

1.21)

0.09

Cerebral aneurysm 0.55 (0.04,

7.34)

0.65 0.33 (0.04,

2.74)

0.31 0.10 (8.91e-7,

1.16e+4)

0.74

Cervical spondylosis 0.99 (0.98,

1.01)

0.24 0.99 (0.98,

1.01)

0.28 0.99 (0.93,

1.06)

0.83

Spinal canal stenosis 0.36 (0.11,

1.24)

0.11 0.37 (0.09,

1.41)

0.14 0.62 (0.00,

155.45)

0.88

spinal meningioma 0.04 (3.24e-7,

5.80e+3)

0.60 6.02e-3

(6.99e-9,

5.19e+3)

0.46 1.33e+8

(1.87e-14,

9.46e+29)

0.54

Spinal osteochondrosis 0.03 (4.71e-5,

1.90e+3)

0.53 0.16 (2.25e-6,

1.18e+4)

0.75 3.52e+8

(7.42e-13,

1.67e+29)

0.52

Intracranial and

intraspinal abscess

1.43 (2.27e-7,

9.04e+6)

0.96 69.49 (8.00e-5,

6.04e+7)

0.54 5.32e+9

(1.06e-23,

2.68e+42)

0.62

Cervical spinal cord

and nerve injuries

30.53 (9.39e-3,

9.93e+4)

0.41 80.89 (8.49e-3,

7.71e+5)

0.35 8.70e-3

(6.26e-18.

1.21e+13)

0.81

Glioblastoma 0.72 (1.25e-6,

4.10e+5)

0.96 0.94 (1.16e-7,

7.60e+6)

0.99 2.24e-14

(4.44e-39,

1.13e+11)

0.39



Table S7 Causality of the risk for NO2 in African American or

Afro-Caribbean and Neurosurgical multisystem diseases outcomes (p < 1 ×

10−5
.).

Benign meningioma 0.12 (2.46e-3,

5.39)

0.27 0.03 (3.04e-4,

2.56)

0.12 0.01 (1.87e-11,

9.02e+5)

0.63

Malignant meningioma 0.03 (2.39e-6,

3.30e+2)

0.45 1.97e-3

(2.71e-6, 1.43)

0.06 1.07e-9

(3.60e-28,

3.15e+9)

0.44

Pituitary adenoma and

craniopharyngioma

11.99 (7.78e-3,

1.85e+4)

0.51 21.85 (0.05,

9.44e+3)

0.32 3.71e+7

(6.30e-7,

2.18e+21)

0.39

Benign neoplasm of

brain and other parts

of CNS

44.05 (0.50,

3.85e+3)

0.10 50.11 (0.27,

9.18e+3)

0.14 0.01 (1.84e-11,

2.44e+5)

0.58

Malignant neoplasm of

brain and other parts

of CNS

82.23 (9.27e-3,

7.29e+5)

0.34 53.42 (9.47e-4,

3.01e+6)

0.48 3.47e+10

(5.17e-7,

2.33e+27)

0.34

Hydrocephalus 5.45 (0.05,

6.41e+2)

0.49 19.94 (0.09,

4.52e+3)

0.28 1.72 (2.12e-9,

1.39e+9)

0.96

Craniosynostosis 6.39e+2 (1.01,

4.06e+5)

0.04 2.44e+2 (0.13,

4.75e+5)

0.15 0.02 (2.54e-14,

1.78e+10)

0.81

Concussion 0.20 (0.05,

0.77)

0.02 0.20 (0.04,

0.89)

0.04 0.07 (2.10e-4,

22.41)

0.46

Diffuse brain injury 1.28e+2 (0.82,

2.02e+4)

0.06 70.27 (0.10,

4.72e+4)

0.20 0.13 (1.04e-11,

1.64e+9)

0.88

Focal brain injury 13.27 (3.01e-3,

5.86e+4)

0.55 78.26 (0.35,

1.76e+4)

0.11 1.20e-3

(5.04e-22,

2.87e+15)

0.78

Congenital

malformations of the

nervous system

4.93e-4

(1.42e-7, 1.70)

0.07 9.12e-5

(6.15e-9, 1.35)

0.06 5.49e-4

(4.11e-19,

7..33e+11)

0.71

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

NO2 Trigeminal neuralgia 0.68 (0.54, 0.002 0.79 (0.56, 0.18 0.68 (0.41, 0.15



African

American or

Afro-Caribbean

0.87) 1.12) 1.13)

Epilepsy 1.00 (0.92,

1.08)

0.99 0.99 (0.88,

1.11)

0.81 0.99 (0.84,

1.17)

0.92

Parkinson's disease 0.96 (0.85,

1.08)

0.51 0.93 (0.77,

1.12)

0.43 0.83 (0.64,

1.08)

0.17

Alzheimer's disease 1.01 (0.98,

1.05)

0.48 1.00 (0.94,

1.05)

0.91 0.98 (0.90,

1.06)

0.63

Major depressive

disorder

1.06 (0.93,

1.22)

0.37 1.01 (0.83,

1.22)

0.95 0.92 (0.63,

1.34)

0.66

Obsessive Compulsive

Disorder

1.06 (0.89.

1.26)

0.50 1.02 (0.80,

1.30)

0.88 0.89 (0.62,

1.27)

0.52

Stroke 1.02 (0.98,

1.07)

0.26 1.02 (0.96,

1.07)

0.57 1.02 (0.93,

1.12)

0.69

Intracerebral

hemorrhage

1.04 (0.93,

1.17)

0.46 1.04 (0.87,

1.23)

0.67 0.98 (0.78,

1.24)

0.86

Subarachnoid

hemorrhage

0.91 (0.80,

1.04)

0.16 0.87 (0.72,

1.05)

0.14 0.88 (0.67,

1.17)

0.39

Transient ischemic

attack

0.91 (0.84,

0.98)

0.01 0.92 (0.81,

1.03)

0.15 0.95 (0.81,

1.12)

0.56

Cerebral infarction 1.00 (1.00,

1.00)

0.11 1.00 (1.00,

1.00)

0.55 1.00 (1.00,

1.00)

0.40

Cerebral aneurysm 0.94 (0.84,

1.04)

0.25 0.94 (0.80,

1.11)

0.49 0.84 (0.68,

1.04)

0.12

Cervical spondylosis 1.00 (1.00,

1.00)

0.59 1.00 (1.00,

1.00)

0.91 1.00 (1.00,

1.00)

0.82

Spinal canal stenosis 1.02 (0.95,

1.09)

0.52 0.99 (0.89,

1.10)

0.84 1.01 (0.87,

1.17)

0.89

spinal meningioma 0.76 (0.41,

1.43)

0.40 0.82 (0.34,

2.02)

0.67 0.65 (0.17,

2.48)

0.53

Spinal

osteochondrosis

1.31 (0.80,

2.16)

0.28 1.19 (0.59,

2.41)

0.63 0.71 (0.25,

2.03)

0.53

Intracranial and

intraspinal abscess

1.34 (0.76,

2.37)

0.30 1.65 (0.73,

3.74)

0.23 1.37 (0.42,

4.49)

0.61

Cervical spinal cord

and nerve injuries

1.05 (0.69,

1.61)

0.81 1.24 (0.67,

2.28)

0.49 1.17 (0.48,

2.85)

0.73

Glioblastoma 0.83 (0.41,

1.68)

0.60 1.11 (0.35,

3.55)

0.86 1.51 (0.34,

6.74)

0.59

Benign meningioma 1.04 (0.85,

1.27)

0.70 1.12 (0.85,

1.48)

0.43 1.19 (0.78,

1.82)

0.42

Malignant meningioma 1.15 (0.88,

1.50)

0.31 1.25 (0.85,

1.83)

0.26 1.27 (0.72,

2.23)

0.42

Pituitary adenoma and

craniopharyngioma

0.98 (0.77,

1.26)

0.90 1.16 (0.81,

1.66)

0.41 1.18 (0.69,

1.99)

0.56



Table S8 Causality of the risk for NO2 in South Asian and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5.).

Benign neoplasm of

brain and other parts

of CNS

1.02 (0.80,

1.29)

0.87 1.09 (0.80,

1.50)

0.58 1.47 (0.90,

2.39)

0.13

Malignant neoplasm of

brain and other parts

of CNS

1.18 (0.73,

1.90)

0.50 0.97 (0.47,

1.99)

0.94 0.92 (0.34,

2.53)

0.88

Hydrocephalus 0.84 (0.66,

1.07)

0.17 0.77 (0.53,

1.13)

0.18 0.13 (0.67,

1.89)

0.66

Craniosynostosis 0.84 (0.59,

1.19)

0.33 0.87 (0.52,

1.46)

0.60 0.68 (0.32,

1.43)

0.32

Concussion 0.99 (0.93,

1.06)

0.83 1.02 (0.91,

1.14)

0.74 1.11 (0.95,

1.28)

0.19

Diffuse brain injury 0.98 (0.75,

1.27)

0.86 0.81 (0.55,

1.20)

0.29 0.82 (0.47,

1.42)

0.48

Focal brain injury 0.91 (0.74,

1.12)

0.39 0.93 (0.68,

1.27)

0.64 1.02 (0.66,

1.58)

0.93

Congenital

malformations of the

nervous system

0.97 (0.62,

1.50)

0.87 0.82 (0.44,

1.53)

0.53 0.52 (0.21,

1.27)

0.16

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

NO2

South Asian

Trigeminal neuralgia 1.12 (0.77,

1.62)

0.55 1.01 (0.59,

1.70)

0.98 1.58 (0.58,

4.31)

0.38



Epilepsy 0.90 (0.79,

1.03)

0.13 0.87 (0.72,

1.06)

0.17 0.96 (0.65,

1.41)

0.84

Parkinson's disease 1.06 (0.87,

1.30)

0.56 1.00 (0.75,

1.33)

0.99 1.67 (0.99,

2.85)

0.07

Alzheimer's disease 0.98 (0.91,

1.04)

0.49 0.99 (0.91,

1.07)

0.81 1.10 (0.92,

1.31)

0.32

Major depressive

disorder

1.01 (0.81,

1.27)

0.91 0.95 (0.71,

1.28)

0.76 0.77 (0.32,

1.90)

0.58

Obsessive Compulsive

Disorder

1.02 (0.77,

1.35)

0.91 1.10 (0.75,

1.64)

0.62 0.76 (0.35,

1.65)

0.50

Stroke 1.08 (1.01,

1.15)

0.02 1.05 (0.96,

1.15)

0.28 1.03 (0.86,

1.23)

0.76

Intracerebral

hemorrhage

0.93 (0.76,

1.14)

0.48 0.86 (0.65,

1.14)

0.29 0.97 (0.55,

1.72)

0.93

Subarachnoid

hemorrhage

1.12 (0.91,

1.38)

0.30 1.28 (0.95,

1.73)

0.11 1.31 (0.72,

2.37)

0.38

Transient ischemic

attack

1.01 (0.89,

1.15)

0.86 0.99 (0.84,

1.16)

0.88 0.77 (0.56,

1.06)

0.13

Cerebral infarction 1.00 (1.00,

1.00)

0.09 1.00 (1.00,

1.00)

0.34 1.00 (1.00,

1.00)

0.95

Cerebral aneurysm 1.02 (0.84,

1.25)

0.82 0.96 (0.73,

1.26)

0.75 1.05 (0.56,

1.96)

0.89

Cervical spondylosis 1.00 (1.00,

1.00)

0.26 1.00 (1.00,

1.00)

0.63 1.00 (1.00,

1.00)

0.71

Spinal canal stenosis 1.03 (0.91,

1.17)

0.68 1.04 (0.89,

1.22)

0.63 0.70 (0.52,

0.94)

0.03

spinal meningioma 0.28 (0.11,

0.75)

0.01 0.20 (0.06,

0.70)

0.01 0.23 (0.02,

3.13)

0.29

Spinal osteochondrosis 1.03 (0.46,

2.29)

0.95 0.42 (0.13,

1.33)

0.14 1.03 (0.11,

9.53)

0.98

Intracranial and

intraspinal abscess

0.87 (0.34,

2.22)

0.77 0.57 (0.15,

2.13)

0.40 2.34 (0.18,

30.35)

0.52

Cervical spinal cord

and nerve injuries

0.97 (0.49,

1.91)

0.94 0.63 (0.25,

1.56)

0.32 0.36 (0.06,

2.19)

0.28

Glioblastoma 0.54 (0.18,

1.62)

0.27 0.44 (0.10,

2.02)

0.29 0.27 (0.01,

5.11)

0.39

Benign meningioma 0.88 (0.65,

1.21)

0.43 0.76 (0.50,

1.15)

0.19 0.77 (0.33,

1.79)

0.55

Malignant meningioma 0.86 (0.57,

1.30)

0.48 0.71 (0.40,

1.27)

0.25 0.91 (0.30,

2.79)

0.87

Pituitary adenoma and

craniopharyngioma

1.06 (0.72,

1.57)

0.75 0.83 (0.48,

1.42)

0.49 0.93 (0.33,

2.64)

0.90

Benign neoplasm of

brain and other parts

0.72 (0.51,

1.02)

0.07 0.79 (0.49,

1.28)

0.34 0.93 (0.36,

2.41)

0.88



Table S9 Causality of the risk for NO2 in East Asian and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5.).

of CNS

Malignant neoplasm of

brain and other parts

of CNS

1.01 (0.45,

2.26)

0.97 1.39 (0.48,

4.05)

0.54 1.19 (0.13,

11.02)

0.88

Hydrocephalus 0.80 (0.53,

1.21)

0.29 1.02 (0.56,

1.87)

0.94 1.62 (0.54,

4.85)

0.40

Craniosynostosis 0.70 (0.42,

1.18)

0.18 0.90 (0.41,

1.98)

0..79 2.23 (0.54,

9.12)

0.28

Concussion 0.99 (0.89,

1.10)

0.85 1.04 (0.89,

1.23)

0.59 1.22 (0.91,

1.64)

0.20

Diffuse brain injury 1.15 (0.70,

1.91)

0.58 1.13 (0.61,

2.09)

0.69 0.75 (0.19,

3.00)

0.69

Focal brain injury 0.71 (0.49,

1.01)

0.06 0.77 (0.47,

1.25)

0.29 0.45 (0.17,

1.19)

0.12

Congenital

malformations of the

nervous system

1.42 (0.72,

2.81)

0.31 1.06 (0.40,

2.77)

0.91 3.00 (0.47,

19.34)

0.26

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

NO2

East Asian

Trigeminal neuralgia 1.21 (1.02,

1.43)

0.03 1.15 (0.91,

1.46)

0.24 1.19 (0.84,

1.69)

0.35

Epilepsy 0.10 (0.97,

1.10)

0.27 1.03 (0.95,

1.12)

0.44 1.01 (0.89.

1.14)

0.88



Parkinson's disease 0.98 (0.90,

1.06)

0.57 1.05 (0.94,

1.17)

0.39 0.94 (0.81,

1.10)

0.47

Alzheimer's disease 0.98 (0.96,

1.01)

0.25 1.00 (0.96,

1.04)

0.89 1.01 (0.96,

1.06)

0.80

Major depressive

disorder

0.97 (0.92,

1.04)

0.42 0.95 (0.87,

1.04)

0.26 0.90 (0.78,

1.05)

0.22

Obsessive Compulsive

Disorder

1.01 (0.91,

1.12)

0.84 0.97 (0.86,

1.11)

0.67 0.93 (0.75,

1.15)

0.52

Stroke 0.98 (0.95,

1.00)

0.04 0.97 (0.94,

1.01)

0.12 0.97 (0.92,

1.02)

0.27

Intracerebral

hemorrhage

0.95 (0.87,

1.05)

0.31 0.95 (0.84,

1.08)

0.45 1.03 (0.85,

1.24)

0.77

Subarachnoid

hemorrhage

1.11 (1.01,

1.21)

0.02 1.13 (1.00,

1.27)

0.05 1.10 (0.92,

1.32)

0.31

Transient ischemic

attack

1.05 (0.99,

1.11)

0.08 1.04 (0.96,

1.12)

0.36 1.02 (0.91,

1.14)

0.77

Cerebral infarction 1.00 (1.00,

1.00)

0.17 1.00 (1.00,

1.00)

0.58 1.00 (1.00,

1.00)

0.38

Cerebral aneurysm 0.98 (0.88,

1.08)

0.65 0.95 (0.84,

1.09)

0.48 0.98 (0.76,

1.27)

0.89

Cervical spondylosis 1.00 (1.00,

1.00)

0.70 1.00 (1.00,

1.00)

0.80 1.00 (1.00,

1.00)

0.19

Spinal canal stenosis 0.98 (0.94,

1.02)

0.36 0.97 (0.92,

1.03)

0.38 0.95 (0.88,

1.03)

0.25

spinal meningioma 0.99 (0.59,

1.65)

0.96 0.81 (0.45,

1.47)

0.49 0.81 (0.27,

2.40)

0.71

Spinal osteochondrosis 1.29 (0.91,

1.85)

0.16 1.34 (0.82,

2.18)

0.25 1.40 (0.68,

2.87)

0.39

Intracranial and

intraspinal abscess

0.97 (0.63,

1.51)

0.90 0.81 (0.45,

1.47)

0.49 0.86 (0.34,

2.18)

0.75

Cervical spinal cord

and nerve injuries

0.82 (0.61,

1.12)

0.21 0.86 (0.57,

1.30)

0.48 0.66 (0.36,

1.22)

0.22

Glioblastoma 0.99 (0.60,

1.64)

0.96 1.01 (0.49,

2.07)

0.98 0.92 (0.33,

2.54)

0.87

Benign meningioma 1.07 (0.93,

1.24)

0.34 1.03 (0.83,

1.27)

0.78 1.26 (0.94,

1.69)

0.16

Malignant meningioma 1.05 (0.83,

1.32)

0.71 0.95 (0.71,

1.27)

0.73 1.48 (0.97,

2.25)

0.10

Pituitary adenoma and

craniopharyngioma

1.24 (1.02,

1.52)

0.03 1.25 (0.96,

1.63)

0.10 1.12 (0.74,

1.71)

0.60

Benign neoplasm of

brain and other parts

of CNS

1.09 (0.93,

1.29)

0.27 1.05 (0.85,

1.31)

0.63 1.03 (0.74,

1.42)

0.88

Malignant neoplasm of 1.13 (0.71, 0.60 0.86 (0.53, 0.33 0.90 (0.34, 0.83



Table S10 Causality of the risk for NO2 in Greater Middle Eastern and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

brain and other parts

of CNS

1.79) 1.40) 2.37)

Hydrocephalus 1.13 (0.94,

1.35)

0.19 1.17 (0.93,

1.47)

0.19 1.10 (0.76,

1.57)

0.63

Craniosynostosis 0.74 (0.56,

0.98)

0.04 0.74 (0.53,

1.04)

0.08 0.58 (0.33,

1.01)

0.09

Concussion 1.00 (0.95,

1.05)

0.92 0.99 (0.93,

1.06)

0.85 0.95 (0.86,

1.06)

0.40

Diffuse brain injury 0.87 (0.72,

1.05)

0.15 0.85 (0.65,

1.10)

0.21 0.85 (0.58,

1.25)

0.44

Focal brain injury 1.17 (1.01,

1.36)

0.04 1.10 (0.89,

1.37)

0.36 1.11 (0.82,

1.50 )

0.51

Congenital

malformations of the

nervous system

1.00 (0.74,

1.36)

0.99 1.10 (0.72,

1.69)

0.65 1.09 (0.57,

2.11)

0.80

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

NO2

Greater

Middle

Eastern

and Ne

Trigeminal neuralgia 0.97 (0.85,

1.11)

0.68 1.03 (0.86,

1.24)

0.75 1.08 (0.81,

1.45)

0.62

Epilepsy 1.02 (0.97,

1.07)

0.40 0.99 (0.93,

1.06)

0.84 1.05 (0.94,

1.18)

0.39

Parkinson's disease 1.03 (0.96,

1.09)

0.44 1.08 (0.99,

1.17)

0.10 1.12 (0.97,

1.29)

0.13



Alzheimer's disease 0.99 (0.97,

1.01)

0.30 0.98 (0.96,

1.01)

0.25 1.03 (0.98,

1.07)

0.24

Major depressive

disorder

1.02 (0.94,

1.10)

0.64 1.02 (0.92,

1.14)

0.71 0.97 (0.72,

1.29)

0.82

Obsessive Compulsive

Disorder

1.01 (0.92,

1.11)

0.79 0.97 (0.86,

1.10)

0.64 0.94 (0.76,

1.16)

0.58

Stroke 1.01 (0.99,

1.03)

0.33 1.01 (0.99,

1.05)

0.33 1.04 (0.98,

1.10)

0.27

Intracerebral

hemorrhage

1.05 (0.98,

1.12)

0.16 1.02 (0.93,

1.13)

0.62 1.24 (1.06,

1.45)

0.01

Subarachnoid

hemorrhage

1.00 (0.92,

1.08)

0.95 1.04 (0.93,

1.15)

0.50 0.95 (0.79,

1.15)

0.63

Transient ischemic

attack

0.99 (0.95,

1.03)

0.72 0.99 (0.94,

1.05)

0.82 1.03 (0.95.

1.13)

0.47

Cerebral infarction 1.00 (1.00,

1.00)

0.06 1.00 (1.00,

1.00)

0.80 1.00 (1.00,

1.00)

0.10

Cerebral aneurysm 1.01 (0.94,

1.08)

0.87 0.98 (0.89,

1.08)

0.63 1.22 (1.01,

1.48)

0.06

Cervical spondylosis 1.00 (1.00,

1.00)

0.46 1.00 (1.00,

1.00)

0.46 1.00 (1.00,

1.00)

0.25

Spinal canal stenosis 1.07 (1.03,

1.11)

0.0003 1.06 (1.00,

1.12)

0.03 1.10 (1.01,

1.19)

0.03

spinal meningioma 1.15 (0.83,

1.59)

0.40 1.03 (0.66,

1.60)

0.90 0.97 (0.48,

1.96)

0.93

Spinal osteochondrosis 1.09 (0.84,

1.42)

0.50 1.21 (0.84,

1.74)

0.31 1.22 (0.69,

2.15)

0.51

Intracranial and

intraspinal abscess

1.14 (0.84,

1.55)

0.39 1.45 (0.92,

2.29)

0.11 1.10 (0.56,

2.18)

0.78

Cervical spinal cord

and nerve injuries

0.81 (0.61,

1.08)

0.15 0.82 (0.60,

1.13)

0.22 0.90 (0.47,

1.71)

0.75

Glioblastoma 1.06 (0.73,

1.53)

0.77 0.90 (0.54,

1.49)

0.68 1.20 (0.54,

2.66)

0.67

Benign meningioma 1.03 (0.91,

1.16)

0.67 0.95 (0.82,

1.10)

0.48 1.08 (0.82,

1.43)

0.59

Malignant meningioma 0.98 (0.85,

1.13)

0.78 0.98 (0.81,

1.19)

0.86 1.25 (0.92,

1.69)

0.17

Pituitary adenoma and

craniopharyngioma

1.07 (0.92,

1.25)

0.37 1.22 (1.00,

1.48)

0.05 1.39 (1.01,

1.91)

0.06

Benign neoplasm of

brain and other parts

of CNS

1.03 (0.92,

1.16)

0.59 1.04 (0.88,

1.22)

0.67 0.94 (0.73,

1.21)

0.65

Malignant neoplasm of

brain and other parts

of CNS

0.92 (0.70,

1.23)

0.59 0.85 (0.58,

1.24)

0.39 0.51 (0.29,

0.89)

0.03



Table S11 Causality of the risk for PM2.5 in European and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5.).

Hydrocephalus 1.07 (0.94,

1.23)

0.30 1.10 (0.92,

1.33)

0.30 0.97 (0.72,

1.31)

0.86

Craniosynostosis 1.14 (0.96,

1.36)

0.14 1.20 (0.94,

1.54)

0.14 1.19 (0.82,

1.75)

0.37

Concussion 1.00 (0.97,

1.04)

0.95 0.98 (0.93,

1.03)

0.39 1.03 (0.95,

1.12)

0.43

Diffuse brain injury 1.00 (0.87,

1.14)

0.95 0.92 (0.76,

1.12)

0.42 1.38 (1.02,

1.86)

0.05

Focal brain injury 0.92 (0.82,

1.02)

0.11 0.91 (0.78,

1.07)

0.25 0.95 (0.75,

1.21)

0.70

Congenital

malformations of the

nervous system

1.06 (0.84,

1.33)

0.62 0.89 (0.64,

1.23)

0.47 0.78 (0.48,

1.26)

0.33

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5

European

Trigeminal neuralgia 0.78 (0.15,

4.13)

0.77 0.77 (0.13,

4.39)

0.77 0.72 (0.07,

7.79)

0.80

Epilepsy 0.61 (0.28,

1.32)

0.21 0.62 (0.38,

1.02)

0.06 0.63 (0.21,

1.93)

0.45

Parkinson's disease 1.40 (0.57,

3.45)

0.46 1.44 (0.51,

4.10)

0.49 1.75 (0.53,

5.80)

0.41

Alzheimer's disease 0.99 (0.61,

1.61)

0.96 0.77 (0.41,

1.42)

0.40 0.87 (0.35,

2.18)

0.78



Major depressive

disorder

0.26

(2.6e-3,

25.58)

0.56 0.02

(1.01e-3,

0.22)

0.002 1.99e-3

(1.14e-15,

3.47e+9)

0.69

Obsessive Compulsive

Disorder

0.56 (0.09,

3.65)

0.55 0.62 (0.06,

6.22)

0.69 0.63 (0.04,

9.92)

0.77

Stroke 0.99 (0.69,

1.43)

0.97 0.94 (0.68,

1.28)

0.68 0.83 (0.53,

1.31)

0.47

Intracerebral

hemorrhage

1.13 (0.62,

2.06)

0.68 1.11 (0.57,

2.14)

0.77 1.07 (0.49,

2.33)

0.87

Subarachnoid

hemorrhage

1.03 (0.41,

2.63)

0.94 1.05 (0.49,

2.21)

0.91 1.20 (0.32,

4.55)

0.80

Transient ischemic

attack

1.13 (0.64,

1.98)

0.67 1.08 (0.62,

1.89)

0.78 0.97 (0.45,

2.10)

0.94

Cerebral infarction 1.02 (1.00,

1.03)

0.02 1.02 (1.00,

1.04)

0.01 1.00 (0.95,

1.05)

0.90

Cerebral aneurysm 0.82 (0.50,

1.34)

0.43 0.81 (0.50,

1.31)

0.38 0.71 (0.35,

1.45)

0.40

Cervical spondylosis 1.00 (0.99,

1.02)

0.65 1.00 (0.99,

1.02)

0.50 1.03 (0.98,

1.08)

0.27

Spinal canal stenosis 0.92 (0.41,

2.03)

0.83 0.82 (0.45,

1.49)

0.52 0.64 (0.23,

1.79)

0.44

spinal meningioma 0.37

(2.56e-3,

54.41)

0.70 0.42

(2.74e-3,

63.25)

0.73 0.49

(3.76e-4,

629.11)

0.85

Spinal osteochondrosis 0.56 (0.02,

17.81)

0.75 0.32 (0.01,

15.61)

0.56 0.21 (0.00,

18.22)

0.53

Intracranial and

intraspinal abscess

0.38

(3.86e-3,

48.00)

0.70 0.11

(1.45e-3,

8.62)

0.32 0.02

(1.10e-4,

4.18)

0.23

Cervical spinal cord

and nerve injuries

0.20 (0.01,

3.69)

0.28 0.13

(5.29e-3,

3.03)

0.20 0.06

(1.50e-3,

2.73)

0.22

Glioblastoma 1.47 (0.01,

200.74)

0.88 1.07 (0.01,

227.57)

0.98 1.01 (0.00,

567.77)

0.99

Benign meningioma 1.48 (0.37,

5.92)

0.58 1.73 (0.38,

7.85)

0.48 1.81 (0.30,

10.75)

0.55

Malignant meningioma 1.83 (0.24,

14.13)

0.56 1.15 (0.15,

8.90)

0.90 0.75 (0.06,

9,96)

0.84

Pituitary adenoma and

craniopharyngioma

0.36 (0.04,

3.50)

0.38 0.69 (0.10,

4.63)

0.70 1.16 (0.08,

17.53)

0.92

Benign neoplasm of

brain and other parts

of CNS

2.21 (0.25,

19.43)

0.47 3.08 (0.51,

18.43)

0.22 8.51 (0.84,

86.50)

0.14

Malignant neoplasm of 2.64 (0.09, 0.57 6.62 (0.16, 0.32 21.45 (0.29, 0.23



Table S12 Causality of the risk for PM2.5 in African American or

Afro-Caribbean and Neurosurgical multisystem diseases outcomes (p < 1 ×

10−5.).

brain and other parts

of CNS

73.90) 280.71) 1.57e+3)

Hydrocephalus 1.55 (0.29,

8.38)

0.61 1.12 (0.16,

7.73)

0.91 0.53 (0.06,

4.64)

0.60

Craniosynostosis 0.48 (0.05,

4.66)

0.52 0.45 (0.04,

5.33)

0.52 0.20 (0.01.

3.85)

0.35

Concussion 0.78 (0.47,

1.30)

0.35 0.81 (0.48,

1.35)

0.42 0.81 (0.39,

1.68)

0.59

Diffuse brain injury 2.32 (0.13,

41.75)

0.57 3.51 (0.45,

27.34)

0.23 3.46 (0.06,

209.60)

0.59

Focal brain injury 0.64 (0.16,

2.65)

0.54 0.53 (0.10,

2.75)

0.45 0.45 (0.07,

2.81)

0.44

Congenital

malformations of the

nervous system

0.85 (0.05,

14.91)

0.91 0.92 (0.04,

19.78)

0.96 0.90 (0.02,

35.63)

0.96

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5

African

American or

Afro-Caribbean

Trigeminal neuralgia 0.85 (0.62,

1.16)

0.31 0.89 (0.53,

1.47)

0.64 1.11 (0.47,

2.60)

0.81

Epilepsy 0.89 (0.79，

1.00)

0.048 0.85 (0.72,

1.02)

0.08 0.95 (0.70,

1.30)

0.76

Parkinson's disease 1.05 (0.89,

1.25)

0.55 1.01 (0.76,

1.33)

0.96 0.88 (0.57,

1.36)

0.57

Alzheimer's disease 1.02 (0.97,

1.07)

0.47 1.01 (0.94,

1.09)

0.72 0.96 (0.86,

1.08)

0.55

Major depressive 0.91 (0.78, 0.22 0.87 (0.71, 0.17 0.83 (0.51, 0.45



disorder 1.06) 1.06) 1.33)

Obsessive Compulsive

Disorder

0.99 (0.78,

1.26)

0.97 1.02 (0.72,

1.44)

0.91 1.16 (0.64,

2.08)

0.63

Stroke 1.03 (0.98,

1.09)

0.23 1.02 (0.95,

1.11)

0.57 1.01 (0.87,

1.17)

0.89

Intracerebral

hemorrhage

1.04 (0.88,

1.22)

0.68 1.02 (0.79,

1.31)

0.90 0.96 (0.62,

1.49)

0.87

Subarachnoid

hemorrhage

0.75 (0.61,

0.91)

0.003 0.75 (0.57,

0.98)

0.04 0.80 (0.47,

1.35)

0.41

Transient ischemic

attack

0.97 (0.88,

1.08)

0.58 1.04 (0.90,

1.21)

0.60 1.04 (0.79,

1.37)

0.79

Cerebral infarction 1.00 (1.00,

1.00)

0.11 1.00 (1.00,

1.00)

0.20 1.00 (1.00,

1.00)

0.57

Cerebral aneurysm 0.98 (0.83,

1.15)

0.78 0.96 (0.75,

1.22)

0.75 1.09 (0.68,

1.72)

0.73

Cervical spondylosis 1.00 (1.00,

1.00)

0.43 1.00 (1.00,

1.00)

0.66 1.00 (1.00,

1.00)

0.96

Spinal canal stenosis 1.00 (0.92,

1.10)

0.92 1.00 (0.87,

1.15)

0.99 1.05 (0.83,

1.33)

0.68

spinal meningioma 0.67 (0.30,

1.54)

0.35 1.12 (0.32,

3.95)

0.87 2.80 (0.31,

25.19)

0.37

Spinal

osteochondrosis

0.88 (0.45,

1.71)

0.70 0.71 (0.25,

2.06)

0.53 0.68 (0.12,

4.02)

0.68

Intracranial and

intraspinal abscess

0.64 (0.30,

1.36)

0.24 0.48 (0.16,

1.47)

0.20 0.41 (0.05,

3.09)

0.40

Cervical spinal cord

and nerve injuries

0.74 (0.41,

1.37)

0.34 0.58 (0.26,

1.28)

0.18 0.46 (0.09,

2.37)

0.36

Glioblastoma 0.80 (0.31,

2.05)

0.64 1.00 (0.27,

3.76)

0.99 0.19 (0.02,

2.30)

0.20

Benign meningioma 0.95 (0.71,

1.27)

0.74 0.90 (0.59,

1.37)

0.61 0.98 (0.44,

2.19)

0.97

Malignant meningioma 1.02 (0.72,

1.46)

0.90 0.97 (0.55,

1.69)

0.90 1.33 (0.51,

3.45)

0.57

Pituitary adenoma and

craniopharyngioma

1.16 (0.83,

1.62)

0.38 0.97 (0.59,

1.60)

0.91 0.82 (0.34,

2.01)

0.68

Benign neoplasm of

brain and other parts

of CNS

0.91 (0.66,

1.24)

0.54 0.70 (0.45,

1.10)

0.12 0.67 (0.28,

1.58)

0.37

Malignant neoplasm of

brain and other parts

of CNS

1.10 (0.55,

2.20)

0.79 0.84 (0.31,

2.30)

0.73 0.81 (0.12,

5.43)

0.83

Hydrocephalus 0.87 (0.63,

1.21)

0.42 0.83 (0.50,

1.35)

0.45 0.61 (0.25,

1.47)

0.28



Table S13 Causality of the risk for PM2.5 in South Asian and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5.).

Craniosynostosis 0.90 (0.58,

1.41)

0.65 0.74 (0.40,

1.40)

0.36 0.74 (0.22,

2.44)

0.63

Concussion 0.94 (0.86,

1.04)

0.23 0.95 (0.83,

1.08)

0.40 1.22 (0.95,

1.57)

0.13

Diffuse brain injury 0.67 (0.47,

0.96)

0.03 0.77 (0.46,

1.28)

0.32 1.52 (0.59,

3.89)

0.40

Focal brain injury 1.11 (0.84,

1.47)

0.45 1.28 (0.85,

1.93)

0.24 1.50 (0.71,

3.15)

0.30

Congenital

malformations of the

nervous system

0.87 (0.40,

1.90)

0.73 0.77 (0.30,

1.95)

0.58 0.22 (0.03,

1.70)

0.16

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5

South

Asian

Trigeminal neuralgia 0.80 (0.61,

1.04)

0.11 0.80 (0.55,

1.17)

0.25 0.75 (0.43,

1.32)

0.34

Epilepsy 1.00 (0.90,

1.10)

0.92 1.02 (0.89,

1.17)

0.79 1.10 (0.89,

1.37)

0.38

Parkinson's disease 0.95 (0.82,

1.09)

0.47 0.95 (0.78,

1.16)

0.60 0.77 (0.58,

1.02)

0.08

Alzheimer's disease 0.99 (0.93,

1.05)

0.76 1.06 (0.99,

1.14)

0.10 0.99 (0.88,

1.11)

0.87

Major depressive

disorder

0.97 (0.84,

1.12)

0.68 1.04 (0.85,

1.29)

0.69 1.02 (0.64,

1.63)

0.94



Obsessive Compulsive

Disorder

1.03 (0.81,

1.29)

0.83 1.09 (0.81,

1.46)

0.58 0.71 (0.43,

1.16)

0.18

Stroke 0.97 (0.93,

1.02)

0.21 0.99 (0.93,

1.05)

0.69 0.94 (0.85,

1.04)

0.24

Intracerebral

hemorrhage

1.08 (0.94,

1.24)

0.27 1.12 (0.92,

1.36)

0.28 1.03 (0.76,

1.39)

0.87

Subarachnoid

hemorrhage

1.13 (0.94,

1.35)

0.19 1.24 (1.00,

1.53)

0.05 1.09 (0.73,

1.62)

0.68

Transient ischemic

attack

1.06 (0.95,

1.18)

0.29 1.05 (0.91,

1.21)

0.48 1.20 (0.96,

1.49)

0.12

Cerebral infarction 1.00 (1.00,

1.00)

0.09 1.00 (1.00,

1.00)

0.31 1.00 (1.00,

1.00)

0.31

Cerebral aneurysm 0.93 (0.80,

1.07)

0.30 0.97 (0.79,

1.18)

0.75 0.90 (0.62,

1.30)

0.59

Cervical spondylosis 1.00 (1.00,

1.00)

0.49 1.00 (1.00,

1.00)

0.68 1.00 (1.00,

1.00)

0.60

Spinal canal stenosis 1.10 (1.00,

1,21)

0.06 1.06 (0.95,

1.18)

0.33 1.03 (0.84,

1.25)

0.81

spinal meningioma 1.29 (0.64,

2.57)

0.48 1.19 (0.45,

3.11)

0.73 1.46 (0.34,

6.25)

0.61

Spinal osteochondrosis 1.46 (0.80,

2.66)

0.22 1.04 (0.45,

2.38)

0.93 0.85 (0.24,

3.02)

0.81

Intracranial and

intraspinal abscess

1.05 (0.56,

1.98)

0.88 0.90 (0.37,

2.22)

0.82 0.35 (0.09,

1.31)

0.13

Cervical spinal cord

and nerve injuries

0.65 (0.41,

1.05)

0.08 0.59 (0.30,

1.16)

0.12 0.46 (0.17,

1.24)

0.14

Glioblastoma 1.11 (0.45,

2.75)

0.81 1.21 (0.38,

3.89)

0.75 2.56 (0.39,

16.89)

0.34

Benign meningioma 0.94 (0.72,

1.23)

0.67 1.20 (0.84,

1.71)

0.31 0.62 (0.36,

1.06)

0.09

Malignant meningioma 0.97 (0.72,

1.31)

0.84 1.10 (0.69,

1.75)

0.68 0.71 (0.38,

1.34)

0.31

Pituitary adenoma and

craniopharyngioma

0.87 (0.66,

1.15)

0.33 0.77 (0.51,

1.16)

0.21 0.61 (0.34,

1.09)

0.11

Benign neoplasm of

brain and other parts

of CNS

0.90 (0.70,

1.15)

0.38 0.92 (0.65,

1.30)

0.64 0.81 (0.48,

1.36)

0.44

Malignant neoplasm of

brain and other parts

of CNS

1.55 (0.91,

2.66)

0.11 1.51 (0.69,

3.32)

0.31 0.50 (0.16,

1.54)

0.24

Hydrocephalus 1.12 (0.78,

1.61)

0.53 1.18 (0.78,

1.79)

0.44 1.85 (0.89,

3.85)

0.11

Craniosynostosis 1.18 (0.80,

1.74)

0.39 1.04 (0.60,

1.81)

0.88 1.21 (0.53,

2.77)

0.66



Table S14 Causality of the risk for PM2.5 in East Asian and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5.).

Concussion 1.08 (0.99,

1.16)

0.09 1.06 (0.95,

1.18)

0.29 1.06 (0.90,

1.25)

0.49

Diffuse brain injury 0.82 (0.61,

1.11)

0.20 0.86 (0.56,

1.32)

0.48 0.91 (0.49,

1.70)

0.78

Focal brain injury 1.04 (0.82,

1.32)

0.76 1.02 (0.72,

1.44)

0.92 1.60 (0.98,

2.61)

0.07

Congenital

malformations of the

nervous system

1.33 (0.83,

2.14)

0.23 1.09 (0.54,

2.20)

0.80 3.05 (1.13,

8.24)

0.04

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5

East Asian

Trigeminal neuralgia 0.94 (0.79,

1.12)

0.50 0.96 (0.75,

1.23)

0.77 1.07 (0.72,

1.58)

0.76

Epilepsy 1.00 (0.94,

1.07)

0.96 0.95 (0.87,

1.04)

0.30 0.92 (0.80,

1.06)

0.30

Parkinson's disease 0.95 (0.87,

1.03)

0.21 0.97 (0.86,

1.09)

0.62 0.89 (0.75,

1.06)

0.23

Alzheimer's disease 0.98 (0.96,

1.01)

0.13 0.98 (0.95,

1.02)

0.36 0.98 (0.93,

1.03)

0.41

Major depressive

disorder

0.98 (0.92,

1.05)

0.65 1.02 (0.93,

1.12)

0.72 0.91 (0.79,

1.04)

0.18

Obsessive Compulsive

Disorder

0.94 (0.85,

1.04)

0.24 0.99 (0.87,

1.14)

0.93 1.05 (0.85,

1.29)

0.66



Stroke 1.00 (0.97,

1.02)

0.91 1.00 (0.97,

1.03)

0.91 1.00 (0.95,

1.05)

0.98

Intracerebral

hemorrhage

1.01 (0.92,

1.12)

0.74 0.98 (0.86,

1.12)

0.75 1.14 (0.91,

1.41)

0.28

Subarachnoid

hemorrhage

0.97 (0.88,

1.06)

0.49 0.94 (0.82,

1.08)

0.38 0.91 (0.74,

1.12)

0.38

Transient ischemic

attack

1.04 (0.97,

1.12)

0.24 1.04 (0.96,

1.13)

0.39 0.99 (0.85,

1.17)

0.94

Cerebral infarction 1.00 (1.00,

1.00)

0.46 1.00 (1.00,

1.00)

0.77 1.00 (1.00,

1.00)

0.38

Cerebral aneurysm 0.97 (0.88,

1.06)

0.49 0.98 (0.86,

1.11)

0.71 1.04 (0.82,

1.32)

0.73

Cervical spondylosis 0.99 (0.98,

1.00)

0.01 0.99 (0.98,

1.00)

0.09 0.99 (0.98,

1.00)

0.03

Spinal canal stenosis 0.98 (0.94,

1.03)

0.39 0.97 (0.91,

1.03)

0.35 0.97 (0.88,

1.07)

0.59

spinal meningioma 0.98 (0.61,

1.58)

0.95 0.93 (0.48,

1.80)

0.82 0.44 (0.16,

1.22)

0.15

Spinal osteochondrosis 1.08 (0.78,

1.48)

0.64 0.99 (0.64,

1.52)

0.95 0.81 (0.40,

1.64)

0.57

Intracranial and

intraspinal abscess

1.03 (0.61,

1.74)

0.92 0.82 (0.45,

1.50)

0.53 0.86 (0.25,

2.93)

0.81

Cervical spinal cord

and nerve injuries

0.86 (0.63,

1.17)

0.34 0.85 (0.55,

1.31)

0.46 0.72 (0.36,

1.43)

0.37

Glioblastoma 1.06 (0.63,

1.78)

0.84 1.53 (0.75,

3.14)

0.24 1.70 (0.53,

5.42)

0.39

Benign meningioma 1.01 (0.87,

1.17)

0.89 1.07 (0.87,

1.32)

0.53 0.99 (0.71,

1.37)

0.93

Malignant meningioma 0.91 (0.75,

1.10)

0.33 0.92 (0.68,

1.23)

0.56 0.72 (0.46,

1.11)

0.17

Pituitary adenoma and

craniopharyngioma

0.91 (0.76,

1.09)

0.31 0.96 (0.75,

1.23)

0.74 1.08 (0.72,

1.63)

0.71

Benign neoplasm of

brain and other parts

of CNS

1.09 (0.93,

1.28)

0.30 1.06 (0.84,

1.34)

0.63 0.93 (0.64,

1.34)

0.70

Malignant neoplasm of

brain and other parts

of CNS

1.24 (0.87,

1.77)

0.22 1.08 (0.65,

1.82)

0.76 0.65 (0.29,

1.42)

0.30

Hydrocephalus 1.11 (0.93,

1.34)

0.25 1.06 (0.81,

1.39)

0.68 1.10 (0.73,

1.68)

0.65

Craniosynostosis 1.03 (0.76,

1.39)

0.85 1.10 (0.77,

1.57)

0.58 1.12 (0.56,

2.24)

0.76

Concussion 1.03 (0.96,

1.10)

0.41 0.99 (0.92,

1.07)

0.89 1.03 (0.88,

1.19)

0.73



Table S15 Causality of the risk for PM2.5 in Greater Middle Eastern and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

Diffuse brain injury 0.95 (0.78,

1.16)

0.61 0.87 (0.67,

1.13)

0.29 0.72 (0.47,

1.11)

0.17

Focal brain injury 1.09 (0.94,

1.27)

0.27 1.13 (0.90,

1.40)

0.29 1.14 (0.81,

1.61)

0.46

Congenital

malformations of the

nervous system

1.24 (0.90,

1.70)

0.19 0.95 (0.59,

1.53)

0.83 0.86 (0.42,

1.73)

0.67

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5

Greater

Middle

Eastern

Trigeminal neuralgia 0.95 (0.86,

1.05)

0.33 0.96 (0.83,

1.10)

0.54 1.18 (0.93,

1.51)

0.19

Epilepsy 1.01 (0.97,

1.05)

0.66 1.02 (0.96,

1.07)

0.58 1.07 (0.96,

1.19)

0.24

Parkinson's disease 0.97 (0.92,

1.02)

0.29 0.99 (0.92,

1.07)

0.87 1.05 (0.91,

1.21)

0.50

Alzheimer's disease 1.00 (0.98,

1.02)

0.86 1.00 (0.97,

1.02)

0.84 0.98 (0.93,

1.03)

0.40

Major depressive

disorder

1.04 (0.97,

1.13)

0.29 1.08 (0.98,

1.19)

0.13 0.86 (0.61,

1.22)

0.41

Obsessive Compulsive

Disorder

0.92 (0.84,

1.01)

0.08 0.92 (0.81,

1.05)

0.23 1.01 (0.77,

1.33)

0.94

Stroke 1.01 (0.99,

1.03)

0.43 1.01 (0.98,

1.04)

0.53 0.95 (0.89,

1.01)

0.12



Intracerebral

hemorrhage

1.02 (0.97,

1.08)

0.38 1.04 (0.97,

1.12)

0.28 1.06 (0.91,

1.23)

0.45

Subarachnoid

hemorrhage

1.00 (0.93,

1.07)

0.96 1.00 (0.92,

1.09)

0.93 0.85 (0.70,

1.03)

0.10

Transient ischemic

attack

0.99 (0.96,

1.03)

0.73 1.00 (0.96,

1.05)

0.88 1.02 (0.93,

1.11)

0.73

Cerebral infarction 1.00 (1.00,

1.00)

0.27 1.00 (1.00,

1.00)

0.77 1.00 (1.00,

1.00)

0.82

Cerebral aneurysm 0.97 (0.92,

1.02)

0.27 0.96 (0.90,

1.03)

0.25 0.98 (0.84,

1.16)

0.85

Cervical spondylosis 1.00 (1.00,

1.00)

0.78 1.00 (1.00,

1.00)

0.90 1.00 (1.00,

1.00)

0.11

Spinal canal stenosis 0.98 (0.95,

1.02)

0.34 1.00 (0.95,

1.05)

0.96 1.00 (0.92,

1.10)

0.94

spinal meningioma 0.95 (0.73,

1.23)

0.69 0.84 (0.59,

1.20)

0.34 1.11 (0.59,

2.09)

0.74

Spinal osteochondrosis 1.00 (0.81,

1.23)

0.99 0.83 (0.62,

1.12)

0.23 1.44 (0.87,

2.39)

0.17

Intracranial and

intraspinal abscess

1.02 (0.80,

1.29)

0.89 0.97 (0.68,

1.37)

0.86 1.28 (0.71,

2.29)

0.42

Cervical spinal cord

and nerve injuries

0.98 (0.80,

1.19)

0.82 1.00 (0.78,

1.29)

0.99 0.95 (0.58,

1.54)

0.82

Glioblastoma 1.26 (0.93,

1.69)

0.13 1.18 (0.77,

1.82)

0.44 0.85 (0.41,

1.74)

0.65

Benign meningioma 0.96 (0.88,

1.04)

0.32 0.93 (0.82,

1.05)

0.21 1.01 (0.82,

1.24)

0.92

Malignant meningioma 0.99 (0.88,

1.11)

0.85 0.98 (0.84,

1.14)

0.77 1.15 (0.87,

1.51)

0.33

Pituitary adenoma and

craniopharyngioma

0.99 (0.89,

1.10)

0.83 1.03 (0.89.

1.20)

0.68 0.98 (0.76,

1.26)

0.85

Benign neoplasm of

brain and other parts

of CNS

0.94 (0.86,

1.03)

0.19 0.97 (0.85,

1.11)

0.67 0.97 (0.78,

1.22)

0.82

Malignant neoplasm of

brain and other parts

of CNS

0.97 (0.79,

1.19)

0.78 1.00 (0.74,

1.35)

0.99 0.85 (0.51,

1.39)

0.52

Hydrocephalus 1.02 (0.91,

1.15)

0.73 1.02 (0.88,

1.19)

0.78 1.03 (0.77,

1.38)

0.85

Craniosynostosis 0.97 (0.84,

1.12)

0.69 0.92 (0.75,

1.13)

0.42 1.18 (0.84,

1.66)

0.35

Concussion 1.03 (1.00,

1.06)

0.05 1.04 (1.00,

1.08)

0.04 1.05 (0.98,

1.12)

0.21

Diffuse brain injury 1.00 (0.89,

1.13)

0.96 0.98 (0.84,

1.15)

0.82 1.01 (0.76,

1.34)

0.96



Table S16 Causality of the risk for PM2.5–10 in European and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

Focal brain injury 1.03 (0.93,

1.15)

0.53 1.05 (0.92,

1.19)

0.46 0.94 (0.73,

1.20)

0.61

Congenital

malformations of the

nervous system

0.84 (0.70,

1.00)

0.046 0.86 (0.68,

1.10)

0.24 0.82 (0.54,

1.25)

0.37

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5–10

European

Trigeminal neuralgia 1.84 (0.55,

6.10)

0.32 1.15 (0.19,

6.96)

0.88 0.74 (0.12,

4.55)

0.75

Epilepsy 1.28 (0.87,

1.90)

0.22 1.23 (0.75,

2.00)

0.41 1.27 (0.74,

2.20)

0.39

Parkinson's disease 1.50 (0.72,

3.15)

0.28 1.64 (0.57,

4.76)

0.36 1.39 (0.43,

4.46)

0.58

Alzheimer's disease 1.09 (0.85,

1.40)

0.50 1.07 (0.75,

1.52)

0.71 1.13 (0.66,

1.93)

0.67

Major depressive

disorder

2.77 (0.95,

8.05)

0.06 2.21 (0.46,

10.59)

0.32 66.92 (0.61,

7.30e+3)

0.09

Obsessive Compulsive

Disorder

0.74 (0.22,

2.47)

0.63 0.95 (0.17,

5.18)

0.95 1.26 (0.06,

25.72)

0.88

Stroke 1.13 (0.81,

1.58)

0.46 1.13 (0.76,

1.68)

0.53 1.72 (0.64,

4.63)

0.30

Intracerebral

hemorrhage

0.89 (0.54,

1.49)

0.67 1.11 (0.57,

2.19)

0.75 1.22 (0.61,

2.44)

0.57



Subarachnoid

hemorrhage

1.85 (1.08,

3.20)

0.03 1.43 (0.67,

3.07)

0.36 1.77 (0.83,

3.77)

0.15

Transient ischemic

attack

0.82 (0.54,

1.25)

0.36 0.93 (0.51,

1.70)

0.82 1.11 (0.59,

2.08)

0.75

Cerebral infarction 1.00 (0.99,

1.00)

0.11 1.00 (0.99,

1.01)

0.44 1.00 (0.99,

1.01)

0.99

Cerebral aneurysm 0.96 (0.64,

1.44)

0.85 0.86 (0.53,

1.40)

0.55 0.76 (0.45,

1.29)

0.32

Cervical spondylosis 1.00 (0.99,

1.01)

0.24 1.00 (0.99,

1.01)

0.33 1.00 (0.99,

1.01)

0.74

Spinal canal stenosis 0.96 (0.66,

1.39)

0.81 1.04 (0.57,

1.92)

0.89 1.21 (0.67,

2.19)

0.53

spinal meningioma 2.75 (0.11,

72.04)

0.54 0.40 (0.00,

52.95)

0.71 0.79 (0.01,

1.19e+2)

0.93

Spinal osteochondrosis 0.79 (0.06,

9.70)

0.85 0.40 (0.01,

21.24)

0.65 0.79 (0.02,

36.04)

0.91

Intracranial and

intraspinal abscess

0.45 (0.03,

7.73)

0.58 2.21 (0.02,

1.96e+2)

0.73 0.80 (0.01,

59.90)

0.92

Cervical spinal cord

and nerve injuries

2.51 (0.30,

21.17)

0.40 4.86 (0.14,

1.67e+2)

0.38 10.69 (0.42,

2.73e+2)

0.16

Glioblastoma 2.71 (0.08,

94.42)

0.58 6.10 (0.02,

1.86e+3)

0.54 0.56

(2.57e-3,

1.22e+2)

0.83

Benign meningioma 0.73 (0.26,

2.06)

0.55 0.55 (0.11,

2.87)

0.48 1.57 (0.33,

7.50)

0.58

Malignant meningioma 0.57 (0.15,

2.20)

0.42 0.42 (0.05,

3.51)

0.42 1.44 (0.19,

11.04)

0.73

Pituitary adenoma and

craniopharyngioma

0.85 (0.24,

2.95)

0.79 1.13 (0.16,

8.00)

0.90 0.45 (0.07,

2.99)

0.42

Benign neoplasm of

brain and other parts

of CNS

0.62 (0.19,

2.01)

0.43 0.64 (0.10,

3.90)

0.63 0.65 (0.11,

3.93)

0.64

Malignant neoplasm of

brain and other parts

of CNS

0.64 (0.06,

7.18)

0.72 0.52 (0.01,

19.32)

0.72 0.53 (0.01,

20.99)

0.74

Hydrocephalus 0.28 (0.08,

0.96)

0.04 0.31 (0.05,

2.13)

0.23 0.33 (0.05,

2.16)

0.25

Craniosynostosis 0.63 (0.10,

4.05)

0.63 0.78 (0.06,

10.22)

0.85 0.26 (0.02,

4.33)

0.35

Concussion 1.19 (0.82,

1.72)

0.37 0.97 (0.56,

1.68)

0.92 1.14 (0.65,

2.02)

0.65

Diffuse brain injury 1.09 (0.29,

4.12)

0.89 2.41 (0.29,

19.82)

0.41 5.78 (0.78,

42.93)

0.10



Table S17 Causality of the risk for PM2.5–10 in African American or

Afro-Caribbean and Neurosurgical multisystem diseases outcomes (p < 1 ×

10−5.).

Focal brain injury 3.27 (0.96,

11.11)

0.06 1.44 (0.29,

7.20)

0.66 2.70 (0.41,

17.61)

0.31

Congenital

malformations of the

nervous system

1.92 (0.17,

21.47)

0.60 1.53 (0.06,

38.28)

0.79 1.97 (0.05,

80.24)

0.72

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5–10

African

American or

Afro-Caribbean

Trigeminal neuralgia 1.02 (0.76,

1.38)

0.89 0.91 (0.60,

1.36)

0.64 1.06 (0.36,

3.12)

0.92

Epilepsy 1.00 (0.89,

1.11)

0.97 0.95 (0.81,

1.11)

0.50 1.24 (0.83,

1.85)

0.31

Parkinson's disease 1.03 (0.87,

1.21)

0.76 1.12 (0.89,

1.40)

0.34 1.34 (0.74,

2.43)

0.34

Alzheimer's disease 0.99 (0.94,

1.04)

0.73 0.98 (0.91,

1.05)

0.55 1.00 (0.84,

1.20)

0.98

Major depressive

disorder

1.01 (0.86,

1.19)

0.90 0.99 (0.79,

1.25)

0.95 0.77 (0.34,

1.73)

0.53

Obsessive Compulsive

Disorder

1.19 (0.94,

1.50)

0.16 1.14 (0.81,

1.61)

0.47 1.39 (0.58,

3.33)

0.48

Stroke 0.96 (0.92,

1.01)

0.14 0.94 (0.88,

1.01)

0.09 0.83 (0.70,

0.99)

0.05

Intracerebral

hemorrhage

1.06 (0.88,

1.28)

0.54 1.04 (0.81,

1.32)

0.78 1.44 (0.72,

2.87)

0.31



Subarachnoid

hemorrhage

0.90 (0.75,

1.08)

0.26 0.95 (0.75,

1.21)

0.68 1.20 (0.62,

2.33)

0.60

Transient ischemic

attack

0.94 (0.84,

1.06)

0.31 0.92 (0.80,

1.06)

0.23 1.02 (0.67,

1.56)

0.91

Cerebral infarction 1.00 (1.00,

1.00)

0.43 1.00 (1.00,

1.00)

0.23 1.00 (1.00,

1.00)

0.93

Cerebral aneurysm 0.90 (0.77,

1.05)

0.19 0.91 (0.73,

1.14)

0.42 1.36 (0.75,

2.47)

0.32

Cervical spondylosis 1.00 (1.00,

1.00)

0.14 1.00 (1.00,

1.00)

0.87 1.00 (1.00,

1.00)

0.82

Spinal canal stenosis 0.96 (0.87,

1.05)

0.34 0.97 (0.86,

1.10)

0.67 1.20 (0.88,

1.64)

0.26

spinal meningioma 1.65 (0.75,

3.61)

0.21 2.28 (0.80,

6.50)

0.12 6.39 (0.38,

106.54)

0.21

Spinal

osteochondrosis

0.84 (0.45,

1.58)

0.59 1.17 (0.50,

2.71)

0.72 2.01 (0.21,

19.28)

0.55

Intracranial and

intraspinal abscess

0.98 (0.48,

2.01)

0.97 0.98 (0.36,

2.68)

0.97 0.75 (0.06,

9.74)

0.83

Cervical spinal cord

and nerve injuries

1.22 (0.72,

2.08)

0.46 0.97 (0.48,

1.95)

0.93 0.25 (0.04,

1.73)

0.18

Glioblastoma 2.18 (0.89,

5.37)

0.09 2.97 (0.82,

10.67)

0.10 28.59

(1.16,

7.07e+2)

0.06

Benign meningioma 1.07 (0.82,

1.41)

0.60 0.91 (0.62,

1.35)

0.65 2.34 (0.92,

5.95)

0.09

Malignant meningioma 0.84 (0.60,

1.17)

0.30 0.80 (0.50,

1.30)

0.37 1.99 (0.59,

6.70)

0.28

Pituitary adenoma and

craniopharyngioma

1.13 (0.82,

1.54)

0.46 1.21 (0.78,

1.89)

0.39 1.63 (0.53,

5.07)

0.41

Benign neoplasm of

brain and other parts

of CNS

1.15 (0.87,

1.53)

0.32 1.05 (0.71,

1.55)

0.80 1.69 (0.62,

4.64)

0.32

Malignant neoplasm of

brain and other parts

of CNS

1.28 (0.65,

2.51)

0.47 1.58 (0.63,

3.96)

0.33 0.30 (0.03,

3.21)

0.33

Hydrocephalus 0.96 (0.70,

1.31)

0.78 1.06 (0.67,

1.67)

0.81 0.89 (0.28,

2.78)

0.84

Craniosynostosis 0.65 (0.43,

0.99)

0.046 0.68 (0.39,

1.18)

0.17 0.94 (0.21,

4.27)

0.94

Concussion 0.94 (0.86,

1.02)

0.15 0.88 (0.78,

1.00)

0.05 0.75 (0.54,

1.03)

0.09

Diffuse brain injury 0.89 (0.63,

1.26)

0.51 0.83 (0.52,

1.31)

0.42 0.53 (0.15,

1.83)

0.33



Table S18 Causality of the risk for PM2.5–10 in South Asian and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

Focal brain injury 0.98 (0.76,

1.28)

0.91 0.91 (0.63,

1.33)

0.64 0.43 (0.17,

1.12)

0.10

Congenital

malformations of the

nervous system

0.55 (0.32,

0.93)

0.03 0.50 (0.24,

1.05)

0.07 0.66 (0.10,

4.43)

0.67

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5–10

South Asian

Trigeminal neuralgia 0.91 (0.66,

1.27)

0.60 0.75 (0.47,

1.19)

0.23 0.86 (0.43,

1.74)

0.68

Epilepsy 0.97 (0.85,

1.11)

0.67 1.06 (0.88,

1.28)

0.53 1.11 (0.85,

1.44)

0.45

Parkinson's disease 1.15 (0.96,

1.38)

0.12 1.13 (0.89,

1.43)

0.31 1.17 (0.83,

1.65)

0.38

Alzheimer's disease 1.00 (0.94,

1.07)

0.96 1.00 (0.92,

1.09)

0.99 1.01 (0.89,

1.14)

0.90

Major depressive

disorder

1.27 (0.82,

1.98)

0.28 1.21 (0.70,

2.08)

0.50 1.50 (0.55,

4.13)

0.46

Obsessive Compulsive

Disorder

1.11 (0.80,

1.55)

0.52 0.97 (0.65,

1.43)

0.86 0.87 (0.49,

1.54)

0.66

Stroke 0.90 (0.83,

0.97)

0.01 0.87 (0.79,

0.97)

0.01 0.89 (0.76,

1.04)

0.19

Intracerebral

hemorrhage

0.94 (0.76,

1.18)

0.61 1.07 (0.80,

1.42)

0.65 1.03 (0.67,

1.58)

0.89

Subarachnoid 1.14 (0.92, 0.23 1.03 (0.77, 0.86 1.32 (0.89, 0.19



hemorrhage 1.41) 1.37) 1.97)

Transient ischemic

attack

0.88 (0.80,

0.98)

0.02 0.89 (0.77,

1.03)

0.13 0.84 (0.67,

1.04)

0.14

Cerebral infarction 1.00 (1.00,

1.00)

0.45 1.00 (1.00,

1.00)

0.36 1.00 (1.00,

1.00)

0.89

Cerebral aneurysm 1.01 (0.78,

1.30)

0.94 0.96 (0.68,

1.35)

0.81 0.85 (0.52,

1.39)

0.54

Cervical spondylosis 1.01 (0.78,

1.30)

0.94 0.96 (0.68,

1.35)

0.80 0.85 (0.52,

1.39)

0.54

Spinal canal stenosis 1.04 (0.92,

1.17)

0.55 0.99 (0.86,

1.14)

0.90 0.97 (0.76,

1.22)

0.78

spinal meningioma 0.60 (0.25,

1.41)

0.24 0.51 (0.17,

1.56)

0.24 0.88 (0.15,

5.13)

0.89

Spinal

osteochondrosis

0.88 (0.38,

2.06)

0.77 1.17 (0.41,

3.28)

0.77 0.53 (0.09,

3.14)

0.50

Intracranial and

intraspinal abscess

0.83 (0.38,

1.83)

0.65 0.74 (0.26,

2.07)

0.56 0.23 (0.05,

1.16)

0.10

Cervical spinal cord

and nerve injuries

1.07 (0.60,

1.94)

0.81 1.09 (0.51,

2.32)

0.83 1.03 (0.31,

3.45)

0.96

Glioblastoma 0.94 (0.35,

2.52)

0.91 1.03 (0.26,

4.05)

0.97 0.91 (0.12,

6.74)

0.93

Benign meningioma 0.88 (0.62,

1.27)

0.50 1.02 (0.70,

1.48)

0.93 0.71 (0.33,

1.51)

0.39

Malignant meningioma 1.08 (0.75,

1.57)

0.67 1.01 (0.62,

1.65)

0.97 0.79 (0.37,

1.69)

0.56

Pituitary adenoma and

craniopharyngioma

0.88 (0.62,

1.24)

0.47 0.94 (0.58,

1.52)

0.80 0.85 (0.40,

1.79)

0.68

Benign neoplasm of

brain and other parts

of CNS

1.15 (0.85,

1.57)

0.37 1.16 (0.76,

1.79)

0.49 1.38 (0.73,

2.62)

0.35

Malignant neoplasm of

brain and other parts

of CNS

1.53 (0.79,

2.97)

0.21 2.10 (0.86,

5.12)

0.10 2.96 (0.76,

11.54)

0.15

Hydrocephalus 1.05 (0.74,

1.48)

0.78 1.00 (0.62,

1.61)

0.99 0.83 (0.41,

1.67)

0.61

Craniosynostosis 1.26 (0.79,

2.01)

0.32 1.26 (0.70,

2.27)

0.44 1.43 (0.55,

3.70)

0.48

Concussion 1.06 (0.96,

1.17)

0.23 1.07 (0.94,

1.22)

0.32 1.12 (0.92,

1.37)

0.29

Diffuse brain injury 0.89 (0.59,

1.34)

0.57 1.15 (0.69,

1.93)

0.59 0.66 (0.28,

1.56)

0.37

Focal brain injury 0.97 (0.65,

1.43)

0.87 0.99 (0.62,

1.57)

0.96 1.04 (0.45,

2.41)

0.93



Table S19 Causality of the risk for PM2.5–10 in East Asian and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

Congenital

malformations of the

nervous system

1.17 (0.65,

2.10)

0.61 0.94 (0.41,

2.17)

0.88 1.17 (0.35,

3.90)

0.80



Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5–10

East Asian

Trigeminal neuralgia 1.02 (0.90,

1.15)

0.77 1.04 (0.89,

1.21)

0.65 0.97 (0.79,

1.20)

0.80

Epilepsy 1.01 (0.95,

1.08)

0.66 1.05 (0.98,

1.14)

0.17 1.02 (0.92,

1.14)

0.69

Parkinson's disease 1.01 (0.94,

1.09)

0.73 1.07 (0.98,

1.17)

0.14 1.06 (0.95,

1.20)

0.34

Alzheimer's disease 0.99 (0.97,

1.01)

0.45 0.99 (0.97,

1.02)

0.71 1.01 (0.98,

1.05)

0.46

Major depressive

disorder

1.06 (0.99,

1.14)

0.12 1.08 (0.98,

1.20)

0.13 1.10 (0.96,

1.25)

0.21

Obsessive Compulsive

Disorder

0.96 (0.88,

1.05)

0.42 0.98 (0.87,

1.10)

0.70 0.92 (0.78,

1.07)

0.33

Stroke 1.01 (0.99,

1.04)

0.21 1.00 (0.97,

1.03)

0.95 1.01 (0.97,

1.06)

0.59

Intracerebral

hemorrhage

1.00 (0.92,

1.07)

0.91 0.99 (0.89,

1.10)

0.78 0.92 (0.81,

1.05)

0.24

Subarachnoid

hemorrhage

1.02 (0.94,

1.10)

0.70 1.00 (0.90,

1.12)

0.97 0.98 (0.86,

1.13)

0.80

Transient ischemic

attack

0.99 (0.95,

1.03)

0.66 1.00 (0.95,

1.06)

0.89 1.00 (0.93,

1.07)

0.96

Cerebral infarction 1.00 (1.00,

1.00)

0.15 1.00 (1.00,

1.00)

0.49 1.00 (1.00,

1.00)

0.65

Cerebral aneurysm 1.00 (0.91,

1.10)

0.94 1.00 (0.88,

1.14)

0.99 1.15 (0.97,

1.37)

0.15

Cervical spondylosis 1.00 (1.00,

1.00)

0.20 1.00 (1.00,

1.00)

0.12 1.00 (1.00,

1.00)

0.27

Spinal canal stenosis 1.01 (0.98,

1.05)

0.46 1.02 (0.97,

1.07)

0.39 1.04 (0.98,

1.11)

0.24

spinal meningioma 1.04 (0.74,

1.46)

0.83 0.97 (0.63,

1.48)

0.88 0.71 (0.42,

1.22)

0.26

Spinal

osteochondrosis

0.59 (0.44,

0.79)

0.0003 0.66 (0.45,

0.98)

0.04 0.60 (0.36,

1.01)

0.10

Intracranial and

intraspinal abscess

1.06 (0.79,

1.42)

0.69 1.10 (0.74,

1.65)

0.63 1.19 (0.72,

1.94)

0.52

Cervical spinal cord

and nerve injuries

1.03 (0.83,

1.28)

0.77 1.11 (0.85,

1.44)

0.45 0.89 (0.62,

1.29)

0.57

Glioblastoma 0.81 (0.56,

1.16)

0.24 0.91 (0.56,

1.48)

0.70 0.94 (0.51,

1.73)

0.84

Benign meningioma 1.00 (0.85,

1.16)

0.97 0.93 (0.81,

1.06)

0.27 0.84 (0.66,

1.05)

0.17

Malignant meningioma 0.99 (0.82, 0.89 0.99 (0.92, 0.89 0.88 (0.64, 0.46



Table S20 Causality of the risk for PM2.5–10 in Greater Middle Eastern

and Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

1.19) 1.19) 1.21)

Pituitary adenoma and

craniopharyngioma

0.95 (0.82,

1.10)

0.51 1.01 (0.85,

1.21)

0.88 1.01 (0.78,

1.32)

0.92

Benign neoplasm of

brain and other parts

of CNS

0.98 (0.85,

1.12)

0.76 0.97 (0.82,

1.15)

0.72 0.89 (0.71,

1.12)

0.36

Malignant neoplasm of

brain and other parts

of CNS

1.15 (0.86,

1.56)

0.35 1.11 (0.80,

1.53)

0.53 0.91 (0.55,

1.49)

0.71

Hydrocephalus 1.02 (0.89,

1.17)

0.77 0.99 (0.83,

1.18)

0.90 0.37 (1.17,

0.95)

0.19

Craniosynostosis 0.89 (0.75,

1.05)

0.17 0.90 (0.74,

1.11)

0.33 0.91 (0.68,

1.21)

0.53

Concussion 1.01 (0.97,

1.04)

0.73 1.00 (0.96,

1.05)

0.92 0.99 (0.93,

1.05)

0.80

Diffuse brain injury 0.90 (0.78,

1.02)

0.11 0.90 (0.76,

1.07)

0.23 0.91 (0.72,

1.14)

0.44

Focal brain injury 1.00 (0.90,

1.11)

0.97 1.01 (0.86,

1.19)

0.86 1.04 (0.87,

1.25)

0.67

Congenital

malformations of the

nervous system

0.90 (0.73,

1.12)

0.35 0.82 (0.62,

1.08)

0.16 0.89 (0.61,

1.28)

0.54

Outcome IVW Weighted Median MR-Egger



OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5–10

Greater Middle

Eastern

Trigeminal neuralgia 1.05 (0.95,

1.16)

0.34 1.03 (0.89,

1.19)

0.67 1.06 (0.86,

1.30)

0.60

Epilepsy 0.99 (0.95,

1.03)

0.59 0.99 (0.94,

1.04)

0.68 1.01 (0.93,

1.10)

0.82

Parkinson's disease 0.98 (0.92,

1.04)

0.51 0.95 (0.92,

1.04)

0.25 0.96 (0.84,

1.09)

0.53

Alzheimer's disease 1.00 (0.97,

1.02)

0.71 1.00 (0.97,

1.03)

0.84 1.00 (0.94,

1.05)

0.87

Major depressive

disorder

0.98 (0.91,

1.05)

0.58 1.01 (0.91,

1.11)

0.86 1.20 (0.79,

1.81)

0.40

Obsessive Compulsive

Disorder

0.96 (0.87,

1.06)

0.45 0.98 (0.85,

1.13)

0.79 0.85 (0.59,

1.21)

0.38

Stroke 1.02 (1.00,

1.05)

0.01 1.03 (1.00,

1.06)

0.07 0.97 (0.92,

1.03)

0.34

Intracerebral

hemorrhage

0.99 (0.94,

1.05)

0.82 1.00 (0.92,

1.08)

0.97 0.92 (0.82,

1.02)

0.12

Subarachnoid

hemorrhage

1.06 (1.00,

1.12)

0.04 1.08 (0.99,

1.18)

0.10 1.12 (1.00,

1.25)

0.07

Transient ischemic

attack

0.99 (0.96,

1.03)

0.70 1.01 (0.96,

1.06)

0.71 1.02 (0.95,

1.09)

0.62

Cerebral infarction 1.00 (1.00,

1.00)

0.61 1.00 (1.00,

1.00)

0.80 1.00 (1.00,

1.00)

0.10

Cerebral aneurysm 1.01 (0.96,

1.06)

0.83 1.05 (0.97,

1.13)

0.26 1.04 (0.95,

1.14)

0.42

Cervical spondylosis 1.00 (1.00,

1.00)

0.47 1.00 (1.00,

1.00)

0.41 1.00 (1.00,

1.00)

0.80

Spinal canal stenosis 0.99 (0.96,

1.02)

0.38 1.01 (0.96,

1.05)

0.81 0.96 (0.90,

1.02)

0.21

spinal meningioma 0.86 (0.65,

1.14)

0.28 0.74 (0.50,

1.09)

0.12 0.58 (0.33,

1.01)

0.07

Spinal

osteochondrosis

0.96 (0.78,

1.19)

0.72 0.92 (0.68,

1.25)

0.58 1.00 (0.65,

1.54)

0.99

Intracranial and

intraspinal abscess

1.11 (0.87,

1.41)

0.39 0.95 (0.65,

1.39)

0.78 1.10 (0.67,

1.80)

0.71

Cervical spinal cord

and nerve injuries

0.96 (0.80,

1.17)

0.70 0.90 (0.68,

1.19)

0.47 0.82 (0.56,

1.22)

0.34

Glioblastoma 0.93 (0.66,

1.30)

0.66 1.02 (0.64,

1.63)

0.92 0.94 (0.47,

1.89)

0.86

Benign meningioma 0.98 (0.90,

1.06)

0.58 0.93 (0.82,

1.06)

0.30 0.88 (0.74,

1.05)

0.16

Malignant meningioma 0.96 (0.85,

1.07)

0.44 0.89 (0.75,

1.05)

0.16 0.95 (0.75,

1.19)

0.65



Table S21 Causality of the risk for PM10 in European and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5.).

Pituitary adenoma and

craniopharyngioma

0.94 (0.84,

1.04)

0.22 0.94 (0.80,

1.11)

0.48 0.87 (0.70,

1.08)

0.21

Benign neoplasm of

brain and other parts

of CNS

1.02 (0.90,

1.15)

0.75 1.09 (0.95,

1.25)

0.22 1.18 (0.93,

1.50)

0.18

Malignant neoplasm of

brain and other parts

of CNS

1.07 (0.88,

1.32)

0.49 1.00 (0.74,

1.34)

0.98 1.16 (0.76,

1.78)

0.49

Hydrocephalus 0.96 (0.86,

1.06)

0.40 0.97 (0.84,

1.12)

0.70 0.94 (0.76,

1.17)

0.59

Craniosynostosis 1.04 (0.90,

1.20)

0.59 1.06 (0.86,

1.31)

0.59 1.02 (0.76,

1.37)

0.91

Concussion 0.98 (0.94,

1.02)

0.31 0.98 (0.93,

1.02)

0.30 0.97 (0.90,

1.05)

0.50

Diffuse brain injury 1.01 (0.89,

1.14)

0.88 0.96 (0.81,

1.14)

0.65 1.03 (0.80,

1.34)

0.80

Focal brain injury 0.91 (0.82,

1.01)

0.09 0.87 (0.76,

1.00)

0.04 0.85 (0.68,

1.06)

0.17

Congenital

malformations of the

nervous system

0.97 (0.81,

1.17)

0.78 1.02 (0.79,

1.31)

0.89 1.12 (0.77,

1.61)

0.56

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P



PM10

European

Trigeminal neuralgia 2.65 (0.38,

18.44)

0.32 2.61 (0.15,

43.96)

0.51 1.62 (0.01,

2.70e+2)

0.86

Epilepsy 0.82 (0.37,

1.85)

0.64 0.73 (0.26,

2.02)

0.54 0.92 (0.10,

8.06)

0.94

Parkinson's disease 0.56 (0.19,

1.69)

0.31 0.75 (0.18,

3.11)

0.70 0.22 (0.01,

3.92)

0.32

Alzheimer's disease 1.25 (0.79,

1.98)

0.34 1.39 (0.87,

2.24)

0.17 0.51 (0.16,

1.61)

0.27

Major depressive

disorder

0.76 (0.24,

2.39)

0.64 0.64 (0.15,

2.73)

0.54 1.03 (0.02,

67.03)

0.99

Obsessive Compulsive

Disorder

2.72 (0.70,

10.56)

0.15 5.11 (0.74,

35.31)

0.10 2.06 (0.04,

97.92)

0.72

Stroke 1.17 (0.79,

1.73)

0.43 0.79 (0.48,

1.31)

0.36 0.80 (0.25,

2.52)

0.71

Intracerebral

hemorrhage

1.24 (0.48,

3.21)

0.66 0.92 (0.26,

3.28)

0.89 0.79 (0.06,

9.66)

0.85

Subarachnoid

hemorrhage

1.54 (0.51,

4.68)

0.44 2.46 (0.61,

10.01)

0.21 0.42 (0.02,

7.74)

0.56

Transient ischemic

attack

0.72 (0.40,

1.32)

0.29 0.90 (0.40,

2.00)

0.79 2.13 (0.45,

10.10)

0.35

Cerebral infarction 1.01 (1.00,

1.01)

0.25 1.00 (0.99,

1.01)

0.55 1.00 (0.98,

1.02)

0.97

Cerebral aneurysm 0.73 (0.29,

1.81)

0.49 0.76 (0.21,

2.81)

0.68 1.60 (0.13,

20.05)

0.72

Cervical spondylosis 1.00 (0.99,

1.00)

0.44 1.00 (0.99,

1.01)

0.90 0.99 (0.97,

1.01)

0.49

Spinal canal stenosis 0.40 (0.23,

0.70)

0.001 0.35 (0.16,

0.77)

0.009 0.27 (0.07,

1.12)

0.09

spinal meningioma 0.87

(6.55e-3,

1.16e+2)

0.96 9.19

(1.10e-2,

7.64e+3)

0.52 1.14

(3.92e-6,

3.32e+5)

0.98

Spinal

osteochondrosis

10.26 (0.20,

5.25e+2)

0.25 15.45

(0.08,

3.12e+3)

0.31 1.18e+2

(4.56e-3,

3.03e+6)

0.37

Intracranial and

intraspinal abscess

17.13 (0.15,

1.98e+3)

0.24 1.23e+2

(0.17,

8.93e+4)

0.15 8.97e-2

(4.10e-7,

1.96e+4)

0.71

Cervical spinal cord

and nerve injuries

0.06

(2.18e-3,

1.72)

0.10 0.10

(1.04e-3,

10.57)

0.34 0.09

(1.64e5,

4.87e+2)

0.59

Glioblastoma 11.12

(4.36e-2,

2.83e+3)

0.39 1.81e+2

(0.11,

3.12e+5)

0.17 0.05

(3.10e-8,

7.31e+4)

0.68



Table S22 Causality of the risk for PM10 in African American or

Afro-Caribbean and Neurosurgical multisystem diseases outcomes (p < 1 ×

10−5.).

Benign meningioma 1.56 (0.24,

10.05)

0.64 3.17 (0.34,

29.77)

0.31 0.14 (0.01,

16.71)

0.43

Malignant meningioma 2.96 (0.31,

28.42)

0.35 0.87 (0.05,

16.50)

0.92 0.07

(2.35e-4,

19.87)

0.37

Pituitary adenoma and

craniopharyngioma

0.73 (0.10,

5.14)

0.75 0.76 (0.05,

10.51)

0.84 0.52

(3.34e-3,

79.60)

0.80

Benign neoplasm of

brain and other parts

of CNS

0.61 (0.11,

3.54)

0.58 0.79 (0.07,

8.63)

0.84 5.48 (0.06,

5.07e+2)

0.47

Malignant neoplasm of

brain and other parts

of CNS

5.35 (0.12,

2.33e+2)

0.38 3.29 (0.02,

6.95e+2)

0.66 2.59e+2

(1.53e-2,

4.38e+6)

0.28

Hydrocephalus 0.49 (0.07,

3.46)

0.48 0.30 (0.02,

4.37)

0.38 0.02

(1.57e-4,

3.66)

0.16

Craniosynostosis 1.01 (0.07,

14.43)

0.99 1.49 (0.04,

63.00)

0.83 4.37

(3.96e-3,

4.82e+3)

0.68

Concussion 0.97 (0.52,

1.83)

0.93 1.18 (0.51,

2.74)

0.70 1.53 (0.29,

7.97)

0.62

Diffuse brain injury 1.36 (0.15,

12.75)

0.79 3.69 (0.18,

77.62)

0.40 0.07

(2.20e-4,

20.10)

0.36

Focal brain injury 5.87 (0.87,

39.65)

0.07 9.90 (0.95,

1.01e+2)

0.05 3.51 (0.02,

5.42e+2)

0.63

Congenital

malformations of the

nervous system

2.42 (0.08,

69.17)

0.61 1.10

(1.00e-3,

1.20e+2)

0.97 2.56

(3.66e-4,

1.78e+4)

0.84

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P



PM10

African

American or

Afro-Caribbean

Trigeminal neuralgia 0.82 (0.55,

1.21)

0.31 0.68 (0.41,

1.15)

0.15 0.78 (0.22,

2.77)

0.70

Epilepsy 1.08 (0.96,

1.22)

0.19 1.08 (0.91,

1.27)

0.37 1.02 (0.70,

1.50)

0.91

Parkinson's disease 0.88 (0.73,

1.05)

0.16 0.91 (0.72,

1.16)

0.45 1.42 (0.79,

2.58)

0.26

Alzheimer's disease 0.99 (0.93,

1.06)

0.84 0.98 (0.90,

1.08)

0.71 1.25 (1.03,

1.51)

0.04

Major depressive

disorder

0.89 (0.75,

1.07)

0.21 0.96 (0.74,

1.23)

0.72 1.24 (0.58,

2.63)

0.59

Obsessive Compulsive

Disorder

0.87 (0.67,

1.12)

0.27 0.88 (0.61,

1.27)

0.50 0.73 (0.31,

1.69)

0.47

Stroke 0.95 (0.90,

1.00)

0.07 0.94 (0.87,

1.02)

0.13 1.01 (0.83,

1.22)

0.94

Intracerebral

hemorrhage

0.98 (0.80,

1.21)

0.88 1.00 (0.77,

1.29)

0.98 0.82 (0.42,

1.60)

0.56

Subarachnoid

hemorrhage

1.05 (0.87,

1.25)

0.63 1.05 (0.81,

1.36)

0.70 1.17 (0.66,

2.08)

0.61

Transient ischemic

attack

0.91 (0.80,

1.03)

0.14 0.94 (0.79,

1.11)

0.44 1.18 (0.80,

1.73)

0.42

Cerebral infarction 1.00 (1.00,

1.00)

0.33 1.00 (1.00,

1.00)

0.82 1.00 (1.00,

1.01)

0.78

Cerebral aneurysm 1.01 (0.84,

1.22)

0.89 1.00 (0.80,

1.27)

0.97 0.93 (0.51，

1.70)

0.82

Cervical spondylosis 1.00 (1.00,

1.00)

0.89 1.00 (1.00,

1.00)

0.90 1.00 (0.99,

1.01)

0.99

Spinal canal stenosis 0.98 (0.88,

1.09)

0.72 0.92 (0.79,

1.07)

0.28 1.00 (0.71,

1.39)

0.98

spinal meningioma 0.74 (0.28,

1.93)

0.54 0.73 (0.20,

2.63)

0.63 0.81 (0.04,

15.68)

0.89

Spinal

osteochondrosis

0.85 (0.27,

2.71)

0.79 0.90 (0.28,

2.84)

0.85 1.10 (0.03,

46.37)

0.96

Intracranial and

intraspinal abscess

2.32 (0.92,

5.87)

0.08 2.50 (0.71,

8.87)

0.16 0.53 (0.03,

9.29)

0.67

Cervical spinal cord

and nerve injuries

0.71 (0.33,

1.50)

0.37 0.53 (0.20,

1.40)

0.20 0.33 (0.03,

3.60)

0.38

Glioblastoma 0.64 (0.21,

1.92)

0.42 0.49 (0.10,

2.38)

0.38 0.23 (0.01,

7.81)

0.43

Benign meningioma 0.93 (0.68,

1.27)

0.65 0.90 (0.57,

1.42)

0.65 1.90 (0.72,

4.96)

0.22

Malignant meningioma 1.15 (0.76,

1.74)

0.52 1.06 (0.59,

1.92)

0.84 1.41 (0.37,

5.40)

0.62

Pituitary adenoma and

craniopharyngioma

0.90 (0.60,

1.35)

0.62 1.11 (0.63,

1.95)

0.73 0.52 (0.15,

1.87)

0.34



Table S23 Causality of the risk for PM10 in East Asian and Neurosurgical

multisystem diseases outcomes (p < 1 × 10−5.).

Benign neoplasm of

brain and other parts

of CNS

1.25 (0.88,

1.76)

0.21 1.16 (0.74,

1.83)

0.52 1.65 (0.57,

4.80)

0.38

Malignant neoplasm of

brain and other parts

of CNS

1.14 (0.49,

2.66)

0.76 0.90 (0.29,

2.76)

0.85 0.67 (0.04,

10.26)

0.78

Hydrocephalus 1.18 (0.80,

1.73)

0.40 1.31 (0.79,

2.17)

0.30 1.82 (0.56,

5.94)

0.34

Craniosynostosis 0.90 (0.45,

1.80)

0.76 0.65 (0.31,

1.35)

0.25 0.34 (0.04,

2.91)

0.34

Concussion 1.00 (0.90,

1.11)

0.98 1.00 (0.86,

1.15)

0.96 1.07 (0.76,

1.50)

0.71

Diffuse brain injury 0.88 (0.56,

1.39)

0.58 0.89 (0.52,

1.52)

0.68 1.18 (0.27,

5.09)

0.83

Focal brain injury 1.04 (0.75,

1.44)

0.80 1.11 (0.72,

1.72)

0.64 1.15 (0.42,

3.14)

0.78

Congenital

malformations of the

nervous system

0.52 (0.27,

1.02)

0.06 0.69 (0.26,

1.79)

0.44 0.12 (0.02,

0.87)

0.06

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM10

East Asian

Trigeminal neuralgia 1.03 (0.86,

1.24)

0.77 1.06 (0.82,

1.36)

0.68 1.01 (0.69,

1.48)

0.95



Epilepsy 1.04 (0.97,

1.12)

0.29 1.05 (0.95,

1.16)

0.31 0.98 (0.84,

1.16)

0.85

Parkinson's disease 0.99 (0.90,

1.10)

0.88 1.03 (0.89,

1.19)

0.69 1.13 (0.90.

1.41)

0.33

Alzheimer's disease 0.98 (0.94,

1.03)

0.38 0.99 (0.95,

1.03)

0.66 0.99 (0.89,

1.10)

0.85

Major depressive

disorder

0.98 (0.86,

1.11)

0.75 1.04 (0.90,

1.19)

0.59 0.97 (0.58,

1.64)

0.92

Obsessive Compulsive

Disorder

1.12 (0.92,

1.37)

0.27 1.14 (0.90,

1.44)

0.29 1.12 (0.64,

1.96)

0.72

Stroke 1.01 (0.96,

1.06)

0.70 1.05 (1.00,

1.11)

0.05 1.10 (1.00,

1.20)

0.08

Intracerebral

hemorrhage

1.02 (0.92,

1.14)

0.65 1.04 (0.90,

1.20)

0.58 1.05 (0.82,

1.34)

0.73

Subarachnoid

hemorrhage

1.01 (0.90,

1.13)

0.91 1.05 (0.89,

1.23)

0.57 1.03 (0.79,

1.36)

0.81

Transient ischemic

attack

0.98 (0.92,

1.04)

0.46 1.02 (0.94,

1.11)

0.65 0.89 (0.79,

1.01)

0.12

Cerebral infarction 1.00 (1.00,

1.00)

0.41 1.00 (1.00,

1.00)

0.68 1.00 (1.00,

1.00)

0.63

Cerebral aneurysm 0.99 (0.89,

1.11)

0.89 0.99 (0.85,

1.16)

0.94 0.96 (0.69,

1.33)

0.82

Cervical spondylosis 1.00 (1.00,

1.00)

0.04 1.00 (1.00,

1.00)

0.03 1.00 (1.00,

1.00)

0.10

Spinal canal stenosis 0.99 (0.94,

1.05)

0.84 1.00 (0.93,

1.08)

0.96 1.01 (0.90,

1.15)

0.83

spinal meningioma 0.98 (0.54,

1.76)

0.94 0.63 (0.30,

1.32)

0.22 0.39 (0.14,

1.14)

0.13

Spinal

osteochondrosis

1.43 (0.98,

2.10)

0.07 1.38 (0.82,

2.32)

0.22 1.14 (0.51,

2.54)

0.75

Intracranial and

intraspinal abscess

1.11 (0.69,

1.79)

0.67 0.97 (0.55,

1.70)

0.92 0.75 (0.27,

2.04)

0.59

Cervical spinal cord

and nerve injuries

1.02 (0.74,

1.41)

0.91 0.98 (0.62,

1.54)

0.93 0.74 (0.38,

1.47)

0.42

Glioblastoma 1.25 (0.62,

2.53)

0.53 1.05 (0.50,

2.18)

0.90 0.60 (0.14,

2.55)

0.51

Benign meningioma 1.01 (0.87,

1.18)

0.88 1.03 (0.85,

1.26)

0.76 0.92 (0.66,

1.26)

0.61

Malignant meningioma 0.92 (0.75,

1.13)

0.44 0.85 (0.65,

1.12)

0.25 0.75 (0.49,

1.15)

0.23

Pituitary adenoma and

craniopharyngioma

1.02 (0.85,

1.24)

0.81 1.10 (0.86,

1.41)

0.44 1.13 (0.76,

1.69)

0.56

Benign neoplasm of

brain and other parts

1.10 (0.92,

1.32)

0.30 1.07 (0.85,

1.34)

0.58 0.95 (0.65,

1.40)

0.82



Table S24 Causality of the risk for PM10 in Greater Middle Eastern and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

of CNS

Malignant neoplasm of

brain and other parts

of CNS

0.97 (0.66,

1.44)

0.89 1.00 (0.60,

1.67)

0.99 1.03 (0.43,

2.46)

0.96

Hydrocephalus 1.05 (0.87,

1.27)

0.61 0.99 (0.77,

1.27)

0.94 0.80 (0.54,

1.19)

0.30

Craniosynostosis 0.82 (0.63,

1.05)

0.12 0.84 (0.60,

1.19)

0.32 0.76 (0.45,

1.30)

0.35

Concussion 1.01 (0.96,

1.07)

0.64 1.03 (0.96,

1.10)

0.48 1.10 (0.98,

1.23)

0.15

Diffuse brain injury 1.05 (0.81,

1.37)

0.69 0.97 (0.70,

1.35)

0.86 0.70 (0.44,

1.13)

0.19

Focal brain injury 1.02 (0.87,

1.20)

0.80 0.97 (0.77,

1.21)

0.77 0.83 (0.60,

1.16)

0.31

Congenital

malformations of the

nervous system

1.05 (0.65,

1.70)

0.85 0.91 (0.58,

1.43)

0.68 0.97 (0.33,

2.83)

0.95

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM10

Greater Middle

Eastern

Trigeminal neuralgia 1.05 (0.93,

1.20)

0.43 1.03 (0.86,

1.23)

0.77 1.06 (0.80,

1.40)

0.70

Epilepsy 0.98 (0.94,

1.03)

0.53 1.00 (0.93,

1.07)

0.96 0.96 (0.86,

1.08)

0.51



Parkinson's disease 0.92 (0.86,

0.99)

0.02 0.90 (0.82,

0.99)

0.03 0.91 (0.78,

1.05)

0.22

Alzheimer's disease 0.97 (0.95,

1.00)

0.04 0.99 (0.06,

1.02)

0.40 1.00 (0.95,

1.05)

0.99

Major depressive

disorder

0.97 (0.89,

1.06)

0.54 0.98 (0.88,

1.09)

0.70 1.21 (0.69.

2.11)

0.52

Obsessive Compulsive

Disorder

0.93 (0.83,

1.05)

0.23 0.98 (0.83,

1.15)

0.79 0.96 (0.63,

1.47)

0.87

Stroke 1.00 (0.97,

1.02)

0.84 1.00 (0.97,

1.04)

0.90 0.97 (0.91,

1.04)

0.43

Intracerebral

hemorrhage

0.96 (0.89,

1.03)

0.26 0.97 (0.88,

1.07)

0.54 0.96 (0.81,

1.13)

0.64

Subarachnoid

hemorrhage

0.94 (0.86,

1.03)

0.16 0.96 (0.85,

1.07)

0.44 1.05 (0.86.

1.28)

0.62

Transient ischemic

attack

1.02 (0.98,

1.06)

0.42 1.01 (0.95,

1.07)

0.74 0.98 (0.90,

1.08)

0.69

Cerebral infarction 1.00 (1.00,

1.00)

0.82 1.00 (1.00,

1.00)

0.25 1.00 (1.00,

1.00)

0.56

Cerebral aneurysm 1.05 (0.97,

1.13)

0.26 1.02 (0.92,

1.13)

0.69 1.17 (0.95,

1.44)

0.16

Cervical spondylosis 1.00 (1.00,

1.00)

0.48 1.00 (1.00,

1.00)

0.19 1.00 (1.00,

1.00)

0.47

Spinal canal stenosis 0.99 (0.95,

1.03)

0.60 0.98 (0.93,

1.03)

0.40 0.93 (0.85,

1.00)

0.09

spinal meningioma 1.04 (0.73,

1.49)

0.83 0.93 (0.57,

1.50)

0.76 0.73 (0.33,

1.61)

0.45

Spinal

osteochondrosis

1.07 (0.81,

1.43)

0.63 1.00 (0.66,

1.52)

0.99 2.01 (1.11,

3.62)

0.04

Intracranial and

intraspinal abscess

1.05 (0.76,

1.46)

0.75 0.96 (0.61,

1.51)

0.87 0.94 (0.45,

1.98)

0.88

Cervical spinal cord

and nerve injuries

0.93 (0.74,

1.16)

0.51 0.94 (0.67,

1.31)

0.71 0.97 (0.59,

1.60)

0.91

Glioblastoma 0.74 (0.50,

1.07)

0.11 0.76 (0.46,

1.28)

0.30 0.70 (0.30,

1.61)

0.41

Benign meningioma 1.14

(1.02, 1.26)

0.02 1.18 (1.02,

1.38)

0.03 0.96 (0.75,

1.22)

0.73

Malignant meningioma 1.05 (0.91,

1.21)

0.49 1.07 (0.86,

1.31)

0.55 1.00 (0.73,

1.37)

0.99

Pituitary adenoma and

craniopharyngioma

0.94 (0.79,

1.12)

0.51 0.98 (0.81,

1.19)

0.83 0.92 (0.62,

1.36)

0.68

Benign neoplasm of

brain and other parts

of CNS

1.01 (0.89,

1.16)

0.86 1.10 (0.93,

1.30)

0.28 1.00 (0.74,

1.36)

0.98

Malignant neoplasm of 0.98 (0.76, 0.86 0.88 (0.62, 0.49 0.75 (0.43, 0.34



Table S25 Causality of the risk for PM2.5absorbance in European and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

brain and other parts

of CNS

1.26) 1.26) 1.32)

Hydrocephalus 1.11 (0.98,

1.27)

0.11 1.12 (0.92,

1.36)

0.25 1.07 (0.79,

1.44)

0.67

Craniosynostosis 0.91 (0.76,

1.08)

0.28 0.87 (0.67,

1.13)

0.30 1.00 (0.67,

1.50)

0.98

Concussion 0.99 (0.95,

1.03)

0.64 1.00 (0.95,

1.06)

0.96 0.99 (0.91,

1.08)

0.86

Diffuse brain injury 1.01 (0.88,

1.17)

0.87 0.93 (0.77,

1.14)

0.48 0.94 (0.69,

1.29)

0.73

Focal brain injury 0.93 (0.83,

1.05)

0.25 0.96 (0.82,

1.13)

0.65 0.84 (0.65,

1.08)

0.20

Congenital

malformations of the

nervous system

0.92 (0.73,

1.15)

0.45 0.88 (0.64,

1.21)

0.43 0.83 (0.50,

1.38)

0.48

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5absorbance

European

Trigeminal neuralgia 0.38

(5.08e-3,

28.90)

0.66 0.13

(1.08e-3,

14.62)

0.39 0.01

(1.73e-6,

68.05)

0.50

Epilepsy 2.30 (0.27,

19.64)

0.45 4.77 (1.10,

20.55)

0.04 17.10

(0.26,

1.15e+3)

0.32



Parkinson's disease 0.18 (0.02,

1.37)

0.10 0.20 (0.02,

2.26)

0.19 0.74 (0.01,

46.49)

0.90

Alzheimer's disease 1.18 (0.48,

2.86)

0.72 1.41 (0.63,

3.13)

0.41 0.48 (0.07,

3.27)

0.53

Major depressive

disorder

0.02

(3.99e-4,

0.57)

0.02 0.01

(1.52e-4,

1.12)

0.06 0.09

(9.42e-9,

8.08e+5)

0.82

Obsessive Compulsive

Disorder

2.63

(7.62e-2,

90.74)

0.59 11.23

(0.44,

2.89e+2)

0.14 0.16

(3.01e-5,

8.21e+2)

0.71

Stroke 0.89 (0.47,

1.70)

0.72 1.05 (0.50,

2.22)

0.90 1.35 (0.33,

5.61)

0.75

Intracerebral

hemorrhage

2.91 (0.55,

15.53)

0.21 3.02 (0.48,

18.92)

0.24 4.36 (0.15,

1.30e+2)

0.49

Subarachnoid

hemorrhage

2.02 (0.30,

13.80)

0.47 1.55 (0.20,

11.71)

0.67 0.52 (0.01,

35.87)

0.79

Transient ischemic

attack

1.95 (0.37,

8.13)

0.34 1.74 (0.37,

8.13)

0.48 4.49 (0.28,

71.18)

0.48

Cerebral infarction 1.01 (1.00,

1.03)

0.13 1.01 (0.99,

1.03)

0.29 0.98 (0.95,

1.02)

0.46

Cerebral aneurysm 1.66 (0.31,

8.87)

0.55 1.36 (0.31,

5.91)

0.68 0.36 (0.01,

17.75)

0.66

Cervical spondylosis 0.99 (0.97,

1.00)

0.03 0.99 (0.97,

1.00)

0.06 0.99 (0.96,

1.02)

0.45

Spinal canal stenosis 0.62 (0.19,

1.99)

0.42 0.91 (0.24,

3.47)

0.89 1.64 (0.15,

17.80)

0.72

spinal meningioma 0.08

(1.07e-6,

5.78e+3)

0.66 0.01

(1.95e-8,

1.97e+3)

0.43 8.89e-4

(1/23e-13,

6.44e+6)

0.65

Spinal

osteochondrosis

0.12

(1.51e-5,

1.01e+3)

0.65 7.91e-2

(3.50e-6,

1.79e+3)

0.62 2.38e-5

(2.82e-13,

2.00e+3)

0.46

Intracranial and

intraspinal abscess

4.66

(6.57e-5,

3.30e+5)

0.79 3.31

(2.45e-5,

4.48e+5)

0.84 3.15

(3.06e-15,

3.24e+3)

0.44

Cervical spinal cord

and nerve injuries

1.28e+2

(3.61e-3,

4.57e+6)

0.36 3.31e+3

(0.45,

2.45e+7)

0.07 1.80e+5

(2.27e-6,

1.42e+16)

0.52

Glioblastoma 3.98e-3

(4.40e-9,

3.60e+3)

0.43 2.76e-3

(1.13e-9,

6.75e+3)

0.43 1.12e-10

(6.76e-22,

1.87e+1)

0.33

Benign meningioma 2.39 (0.06,

88.52)

0.64 1.51 (0.02,

92.70)

0.84 0.23

(1.52e-4,

3.36e+2)

0.76



Table S26 Causality of the risk for PM2.5absorbance in African American

or Afro-Caribbean and Neurosurgical multisystem diseases outcomes (p <

1 × 10−5.).

Malignant meningioma 27.84 (0.11,

7.27e+3)

0.24 10.51

(0.04,

2.47e+3)

0.40 0.03

(2.02e-6,

5.61e+2)

0.62

Pituitary adenoma and

craniopharyngioma

0.26

(1.34e-3,

49.59)

0.61 0.34

(1.88e-3,

59.85)

0.68 1.02

(4.08e-7,

2.54e+6)

0.99

Benign neoplasm of

brain and other parts

of CNS

1.49 (0.03,

81.47)

0.84 1.45 (0.02,

1.27e+2)

0.87 1.00

(1.94e-4,

5.19e+3)

0.99

Malignant neoplasm of

brain and other parts

of CNS

0.02

(4.82e-8,

5.19e+3)

0.52 4.12e-4

(1.15e-8,

14.83)

0.15 1.31e-6

(2.01e-19,

8.49e+6)

0.53

Hydrocephalus 12.03 (0.14,

1.02e+3)

0.27 10.90

(0.08,

1.41e+3)

0.34 7.88

(9,87e-4,

6.29e+4)

0.73

Craniosynostosis 7.29 (0.01,

3.62e+3)

0.53 21.19

(0.03,

1.67e+4)

0.37 1.29e+2

(8.45e-6,

1.98e+9)

0.67

Concussion 0.64 (0.17,

2.44)

0.51 0.93 (0.24,

3.68)

0.92 2.50 (0.20,

31.98)

0.61

Diffuse brain injury 0.10

(1.55e-5,

6.38e+2)

0.61 0.02

(8.57e-5,

3.80)

0.14 3.78e-06

(1.79e-10,

0.08)

0.25

Focal brain injury 0.27

(2.23e-3,

31.96)

0.59 0.14

(1.95e-3,

10.38)

0.37 7.62e-4

(4.09e-7,

1.42)

0.31

Congenital

malformations of the

nervous system

1.30

(6.85e-4,

2.46e+3)

0.95 1.66

(2.34e-4,

1.18e+4)

0.91 4.88

(1.70e-8,

1.40e+9)

0.90

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5absorbance

African

American or

Afro-Caribbean

Trigeminal neuralgia 0.87 (0.63,

1.21)

0.41 0.90 (0.55,

1.48)

0.68 1.05 (0.44,

2.47)

0.92

Epilepsy 0.89 (0.79,

1.00)

0.045 0.85 (0.71,

1.02)

0.08 0.96 (0.70,

1.31)

0.80

Parkinson's disease 1.04 (0.88,

1.24)

0.63 1.01 (0.78,

1.31)

0.95 0.89 (0.57,

1.40)

0.62

Alzheimer's disease 1.02 (0.97, 0.51 1.01 (0.94, 0.77 0.96 (0.86, 0.56



1.07) 1.09) 1.09)

Major depressive

disorder

0.91 (0.77,

1.06)

0.23 0.86 (0.71,

1.06)

0.15 0.83 (0.51,

1.35)

0.47

Obsessive Compulsive

Disorder

1.00 (0.778,

1.28)

0.99 1.03 (0.73,

1.44)

0.88 1.15 (0.63,

2.12)

0.65

Stroke 1.03 (0.98,

1.09)

0.26 1.02 (0.94,

1.11)

0.59 1.01 (0.87,

1.17)

0.87

Intracerebral

hemorrhage

15.58 21 0.79 15.84 22 0.82

Subarachnoid

hemorrhage

0.75 (0.61,

0.92)

0.005 0.75 (0.57,

0.99)

0.04 0.79 (0.46,

1.36)

0.41

Transient ischemic

attack

0.96 (0.86,

1.06)

0.41 1.04 (0.89,

1.21)

0.61 1.07 (0.82,

1.42)

0.62

Cerebral infarction 1.00 (1.00,

1.00)

0.20 1.00 (1.00,

1.00)

0.19 1.00 (1.00,

1.00)

0.42

Cerebral aneurysm 0.97 (0.82,

1.14)

0.69 0.96 (0.75,

1.23)

0.75 1.11 (0.70,

1.76)

0.67

Cervical spondylosis 1.00 (1.00,

1.00)

0.58 1.00 (1.00,

1.00)

0.66 1.00 (1.00,

1.00)

0.88

Spinal canal stenosis 1.01 (0.92,

1.11)

0.76 1.00 (0.87,

1.16)

0.96 1.03 (0.81,

1.30)

0.80

spinal meningioma 0.71 (0.31,

1.64)

0.42 1.13 (0.30,

4.24)

0.86 2.59 (0.28,

23.85)

0.41

Spinal

osteochondrosis

0.93 (0.47,

1.82)

0.83 0.74 (0.28,

1.93)

0.53 0.60 (0.10,

3.59)

0.58

Intracranial and

intraspinal abscess

0.60 (0.28,

1.30)

0.19 0.47 (0.15,

1.48)

0.20 0.46 (0.06,

3.52)

0.46

Cervical spinal cord

and nerve injuries

0.76 (0.40,

1.42)

0.38 0.58 (0.26,

1.29)

0.18 0.44 (0.08,

2.37)

0.35

Glioblastoma 0.77 (0.30,

2.00)

0.59 0.91 (0.23,

3.62)

0.89 0.19 (0.02,

2.45)

0.22

Benign meningioma 0.97

(0.72,1.31)

0.82 0.90 (0.59,

1.38)

0.62 0.95 (0.42,

2.16)

0.91

Malignant meningioma 1.04 (0.73,

1.50)

0.82 0.99 (0.56,

1.73)

0.96 1.27 (0.49,

3.35)

0.63

Pituitary adenoma and

craniopharyngioma

1.17 (0.84,

1.64)

0.36 0.99 (0.60,

1.63)

0.97 0.80 (0.33,

1.96)

0.63

Benign neoplasm of

brain and other parts

of CNS

0.92 (0.67,

1.28)

0.62 0.70 (0.45,

1.09)

0.11 0.64 (0.27,

1.53)

0.33

Malignant neoplasm of

brain and other parts

of CNS

1.23 (0.64,

2.37)

0.54 0.85 (0.32,

2.24)

0.74 0.62 (0.11,

3.64)

0.61



Table S27 Causality of the risk for PM2.5absorbance in South Asian and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

Hydrocephalus 0.87 (0.62,

1.21)

0.41 0.78 (0.48,

1.25)

0.30 0.60 (0.25,

1.48)

0.28

Craniosynostosis 0.84 (0.53,

1.32)

0.45 0.73 (0.38,

1.41)

0.35 0.87 (0.26,

2.88)

0.82

Concussion 0.95 (0.87,

1.05)

0.34 0.96 (0.84,

1.09)

0.52 1.20 (0.93,

1.55)

0.17

Diffuse brain injury 0.66 (0.45,

0.95)

0.03 0.76 (0.46,

1.26)

0.28 1.62 (0.62,

4.19)

0.33

Focal brain injury 1.10 (0.83,

1.45)

0.52 1.27 (0.86,

1.88)

0.23 1.56 (0.73,

3.29)

0.26

Congenital

malformations of the

nervous system

0.90 (0.40,

2.01)

0.79 0.79 (0.32,

1.94)

0.60 0.20 (0.02,

1.60)

0.14

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5absorbance

South Asian

Trigeminal neuralgia 1.02 (0.68,

1.54)

0.91 0.92 (0.52,

1.65)

0.78 0.85 (0.36,

1.99)

0.71

Epilepsy 0.91 (0.78,

1.07)

0.26 0.92 (0.73,

1.15)

0.46 0.75 (0.53,

1.05)

0.12

Parkinson's disease 1.08 (0.84,

1.38)

0.57 1.08 (0.79,

1.46)

0.64 1.14 (0.67,

1.93)

0.63

Alzheimer's disease 1.06 (0.99,

1.13)

0.09 1.06 (0.96,

1.16)

0.25 1.08 (0.95,

1.23)

0.26



Major depressive

disorder

0.79 (0.57,

1.09)

0.15 0.71 (0.46,

1.09)

0.12 1.29 (0.55,

3.06)

0.57

Obsessive Compulsive

Disorder

0.78 (0.57,

1.06)

0.11 0.88 (0.58,

1.34)

0.55 1.01 (0.52,

1.95)

0.99

Stroke 1.05 (0.97,

1.13)

0.20 1.07 (0.96,

1.18)

0.20 1.13 (0.97.

1.32)

0.15

Intracerebral

hemorrhage

0.97 (0.77,

1.22)

0.80 0.94 (0.69,

1.30)

0.72 0.76 (0.46,

1.25)

0.30

Subarachnoid

hemorrhage

1.02 (0.80,

1.31)

0.87 1.08 (0.76,

1.52)

0.68 1.26 (0.75,

2.13)

0.40

Transient ischemic

attack

1.02 (0.89,

1.18)

0.73 1.02 (0.85,

1.24)

0.78 0.78 (0.59,

1.02)

0.09

Cerebral infarction 1.00 (1.00,

1.00)

0.28 1.00 (1.00,

1.00)

0.86 1.00 (1.00,

1.00)

0.89

Cerebral aneurysm 0.82 (0.63,

1.07)

0.14 0.77 (0.53,

1.12)

0.17 1.22 (0.64,

2.33)

0.56

Cervical spondylosis 1.00 (1.00,

1.00)

0.22 1.00 (1.00,

1.00)

0.77 1.00 (1.00,

1.00)

0.17

Spinal canal stenosis 0.93 (0.83,

1.05)

0.24 0.94 (0.79,

1.12)

0.51 0.99 (0.77,

1.28)

0.96

spinal meningioma 1.35 (0.47,

3.89)

0.58 0.90 (0.20,

4.00)

0.89 0.49 (0.05,

4.45)

0.54

Spinal

osteochondrosis

0.77 (0.28,

2.13)

0.62 1.03 (0.29,

3.70)

0.97 0.32 (0.04,

2.69)

0.32

Intracranial and

intraspinal abscess

1.31 (0.50,

3.44)

0.59 1.25 (0.33,

4.75)

0.74 1.47 (0.20,

11.00)

0.71

Cervical spinal cord

and nerve injuries

0.93 (0.43,

1.97)

0.84 0.92 (0.35,

2.42)

0.87 0.53 (0.11,

2.60)

0.45

Glioblastoma 0.45 (0.13,

1.49)

0.19 0.64 (0.12,

3.51)

0.61 0.12 (0.01,

1.49)

0.12

Benign meningioma 0.65 (0.46,

0.92)

0.02 0.57 (0.35,

0.93)

0.02 0.53 (0.25,

1.11)

0.12

Malignant meningioma 1.04 (0.62,

1.76)

0.88 0.78 (0.41,

1.47)

0.44 0.43 (0.16,

1.16)

0.12

Pituitary adenoma and

craniopharyngioma

0.89 (0.58,

1.36)

0.60 1.00 (0.55,

1.83)

0.99 0.90 (0.37,

2.18)

0.82

Benign neoplasm of

brain and other parts

of CNS

1.06 (0.73,

1.55)

0.76 0,86 (0.50,

1.46)

0.57 1.81 (0.82,

3.99)

0.17

Malignant neoplasm of

brain and other parts

of CNS

1.93 (0.85,

4.37)

0.11 1.15 (0.39,

3.45)

0.80 1.54 (0.28,

8.44)

0.63

Hydrocephalus 1.64 (1.07,

2.51)

0.02 1.41 (0.81,

2.46)

0.23 1.08 (0.45,

2.62)

0.86



Table S28 Causality of the risk for PM2.5absorbance in East Asian and

Neurosurgical multisystem diseases outcomes (p < 1 × 10−5.).

Craniosynostosis 1.28 (0.72,

2.27)

0.40 1.01 (0.44,

2.31)

0.98 1.27 (0.39,

4.17)

0.70

Concussion 1.01 (0.90,

1.14)

0.86 0.98 (0.83,

1.15)

0.79 1.19 (0.93,

1.53)

0.19

Diffuse brain injury 1.76 (1.12,

2.77)

0.01 1.69 (0.90,

3.17)

0.10 1.22 (0.47,

3.12)

0.69

Focal brain injury 0.83 (0.58,

1.20)

0.33 0.70 (0.43,

1.13)

0.14 0.60 (0.28,

1.27)

0.20

Congenital

malformations of the

nervous system

2.05 (1.00,

4.23)

0.05 1.20 (0.44,

3.27)

0.72 0.93 (0.21,

4.19)

0.93

Outcome IVW Weighted Median MR-Egger

OR (95% CI) P OR (95% CI) P OR (95% CI) P

PM2.5absorbance

East Asian

Trigeminal neuralgia 1.06 (0.86,

1.31)

0.56 1.07 (0.82,

1.40)

0.60 0.93 (0.50,

1.72)

0.82

Epilepsy 1.05 (0.95,

1.15)

0.34 1.00 (0.89,

1.11)

0.94 1.01 (0.75,

1.37)

0.94

Parkinson's disease 1.04 (0.93,

1.15)

0.49 1.03 (0.89,

1.18)

0.71 1.06 (0.80,

1.41)

0.70

Alzheimer's disease 0.96 (0.93,

0.99)

0.008 0.96 (0.93,

1.01)

0.09 0.98 (0.91,

1.06)

0.66

Major depressive

disorder

1.01 (0.91,

1.12)

0.86 0.97 (0.85,

1.11)

0.69 0.89 (0.63,

1.25)

0.52



Obsessive Compulsive

Disorder

1.11 (0.95,

1.29)

0.20 1.11 (0.93,

1.33)

0.24 1.30 (0.88,

1.93)

0.22

Stroke 0.97 (0.93,

1.01)

0.09 0.97 (0.92,

1.01)

0.16 1.00 (0.90,

1.11)

0.97

Intracerebral

hemorrhage

0.96 (0.86,

1.07)

0.48 0.95 (0.82,

1.09)

0.45 0.92 (0.68,

1.25)

0.61

Subarachnoid

hemorrhage

1.00 (0.89,

1.12)

0.96 1.04 (0.88,

1.21)

0.67 1.04 (0.75,

1.44)

0.83

Transient ischemic

attack

0.96 (0.90,

1.02)

0.20 0.95 (0.87,

1.03)

0.22 0.98 (0.81,

1.20)

0.88

Cerebral infarction 1.00 (1.00,

1.00)

0.41 1.00 (1.00,

1.00)

0.82 1.00 (1.00,

1.00)

0.44

Cerebral aneurysm 0.94 (0.84,

1.06)

0.31 0.96 (0.82,

1.13)

0.66 1.02 (0.68,

1.52)

0.93

Cervical spondylosis 1.00 (1.00,

1.00)

0.37 1.00 (1.00,

1.00)

0.47 1.00 (1.00,

1.00)

0.83

Spinal canal stenosis 0.96 (0.90,

1.03)

0.25 1.00 (0.92,

1.08)

0.91 1.03 (0.86,

1.23)

0.75

spinal meningioma 1.63 (0.89,

2.98)

0.12 1.57 (0.74,

3.32)

0.24 0.79 (0.13,

4.89)

0.81

Spinal

osteochondrosis

0.81 (0.53,

1.24)

0.33 0.72 (0.40,

1.30)

0.28 1.95 (0.54,

6.99)

0.33

Intracranial and

intraspinal abscess

1.08 (0.66,

1.76)

0.75 0.97 (0.50,

1.89)

0.93 0.46 (0.11,

1.98)

0.33

Cervical spinal cord

and nerve injuries

0.99 (0.69,

1.43)

0.97 0.88 (0.54,

1.45)

0.62 0.46 (0.16,

1.36)

0.19

Glioblastoma 0.76 (0.41,

1.39)

0.37 0.76 (0.33,

1.77)

0.52 0.52 (0.08,

3.42)

0.51

Benign meningioma 0.91 (0.76,

1.10)

0.33 0.80 (0.63,

1.03)

0.08 1.05 (0.59,

1.86)

0.88

Malignant meningioma 1.00 (0.79,

1.26)

0.99 0.99 (0.73,

1.35)

0.97 1.47 (0.74,

2.92)

0.30

Pituitary adenoma and

craniopharyngioma

0.73 (0.59,

0.90)

0.004 0.76 (0.57,

1.01)

0.06 0.76 (0.40,

1.45)

0.43

Benign neoplasm of

brain and other parts

of CNS

0.94 (0.74,

1.19)

0.59 0.99 (0.74,

1.32)

0.94 0.96 (0.46,

2.01)

0.92

Malignant neoplasm of

brain and other parts

of CNS

1.09 (0.72,

1.65)

0.68 0.91 (0.52,

1.57)

0.72 0.54 (0.16,

1.85)

0.35

Hydrocephalus 0.96 (0.77,

1.19)

0.71 0.90 (68,

1.19)

0.45 0.82 (0.43,

1.56)

0.56

Craniosynostosis 0.99 (0.74,

1.32)

0.95 0.97 (0.67,

1.41)

0.87 1.12 (0.47,

2.64)

0.81



Table S29 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NOx

Europe

an

Trigeminal

neuralgia

5.49 4 0.24 5.5

9

5 0.35 -0.0509 0.18

86

0.80

05

Epilepsy 8.39 4 0.08 9.9

7

5 0.08 -0.0689 0.07

94

0.43

42

Parkinson's

disease

3.08 4 0.55 3.5

9

5 0.61 -0.0490 0.06

84

0.51

39

Alzheimer's

disease

2.37 4 0.67 3.1

2

5 0.68 -0.0158 0.01

83

0.43

66

Major

depressive

disorder

11.11 4 0.03 14.

26

5 0.01 -0.1682 0.15

82

0.34

75

Obsessive

Compulsive

Disorder

2.23 4 0.69 3.5

1

5 0.62 0.0909 0.08 0.32

09

Stroke 2.71 4 0.61 2.7

5

5 0.74 0.0041 0.02

04

0.85

22

Intracerebra

l hemorrhage

5.01 4 0.29 6.9

4

5 0.23 -0.1016 0.08

18

0.28

19

Subarachnoid

hemorrhage

9.11 4 0.06 15.

96

5 0.01 -0.2032 0.11

71

0.15

78

Transient

ischemic

attack

15.56 4 0.00 15.

64

5 0.01 -0.0143 0.10

30

0.89

66

Cerebral

infarction

1.61 4 0.81 3.7

0

5 0.59 0.0006 0.00

04

0.22

19

Cerebral

aneurysm

14.52 4 0.01 14.

64

5 0.01 0.0286 0.15

64

0.86

41

Cervical 4.70 4 0.32 7.6 5 0.17 -0.0006 0.00 0.18

Concussion 1.02 (0.95,

1.09)

0.59 1.00 (0.92,

1.09)

0.98 0.94 (0.77,

1.15)

0.55

Diffuse brain injury 1.03 (0.82,

1.29)

0.82 1.07 (0.78,

1.48)

0.68 1.89 (0.95,

3.73)

0.10

Focal brain injury 1.13 (0.91,

1.40)

0.25 1.01 (0.76,

1.32)

0.97 0.76 (0.41,

1.40)

0.40

Congenital

malformations of the

nervous system

1.07 (0.67,

1.73)

0.77 0.94 (0.56,

1.57)

0.81 1.90 (0.44,

8.10)

0.41
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Spinal canal

stenosis

4.00 4 0.41 4.3

0

5 0.51 -0.0212 0.03

85

0.61

07

spinal

meningioma

4.88 4 0.30 5.1

2

5 0.40 0.2027 0.45

85

0.68

12

Spinal

osteochondro

sis

5.19 4 0.27 5.7

3

5 0.33 -0.2492 0.38

64

0.55

40

Intracranial

and

intraspinal

abscess

2.97 4 0.56 4.4

0

5 0.49 -0.4606 0.38

46

0.29

72

Cervical

spinal cord

and nerve

injuries

2.10 4 0.72 2.2

8

5 0.81 -0.122 0.28

72

0.69

25

Glioblastoma 1.60 4 0.81 1.7

2

5 0.89 -0.1691 0.47 0.74

Benign

meningioma

2.64 4 0.62 3.1

6

5 0.67 -0.0984 0.13

55

0.50

78

Malignant

meningioma

4.91 4 0.30 5.2

6

5 0.39 -0.1065 0.20

01

0.62

26

Pituitary

adenoma and

craniopharyn

gioma

5.50 4 0.24 7.2

2

5 0.20 0.2210 0.19

72

0.32

53

Benign

neoplasm of

brain and

other parts

of CNS

7.68 4 0.10 7.7

9

5 0.17 0.0491 0.20

88

0.82

58

Malignant

neoplasm of

brain and

other parts

of CNS

1.23 4 0.87 1.2

4

5 0.94 -0.036 0.32

13

0.91

51

Hydrocephalu

s

1.12 4 0.89 1.6

3

5 0.90 0.1210 0.16

90

0.51

37

Craniosynost

osis

5.18 4 0.27 5.3

3

5 0.38 0.0879 0.25

84

0.75

09

Concussion 2.89 4 0.58 3.7

4

5 0.59 -0.0441 0.04

77

0.40

81

Diffuse brain

injury

5.42 4 0.25 6.4

0

5 0.27 0.1791 0.20

97

0.44

12



Focal brain

injury

3.32 4 0.51 3.4

3

5 0.63 0.0474 0.14

21

0.75

53

Congenital

malformation

s of the

nervous

system

2.69 4 0.61 3.5

6

5 0.61 0..2667 0.28

67

0.40

50

Table S30 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposures Outcomes Q_MR.

Egger

Q_d

f_M

R.E

gge

r

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NOx

African

American or

Afro-Caribbe

an

Trigeminal

neuralgia

6.38 15 0.97 6.6

1

16 0.98 0.0173 0.03

61

0.63

86

Epilepsy 16.02 18 0.59 17.

20

19 0.58 -0.0134 0.01

23

0.29

19

Parkinson's

disease

13.93 18 0.73 14.

66

19 0.74 -0.0151 0.01

76

0.40

47

Alzheimer's

disease

19.02 15 0.21 20.

96

16 0.18 -0.0071 0.00

58

0.23

44

Major depressive

disorder

7.23 15 0.95 8.1

6

16 0.94 -0.0214 0.02

22

0.34

95

Obsessive

Compulsive

Disorder

21.71 14 0.08 22.

46

15 0.10 -0.0197 0.02

82

0.49

75

Stroke 15.80 18 0.61 18.

53

19 0.49 0.0086 0.00

52

0.11

59

Intracerebral

hemorrhage

15.00 18 0.66 15.

78

19 0.67 -0.0152 0.01

72

0.38

84

Subarachnoid

hemorrhage

22.44 18 0.21 22.

86

19 0.24 0.0120 0.02

06

0.56

67

Transient

ischemic attack

16.38 15 0.36 16.

87

16 0.39 0.0081 0.01

21

0.51

25

Cerebral

infarction

19.62 18 0.35 19.

86

19 0.40 -0.0006 0.00

01

0.64

33

Cerebral

aneurysm

16.70 18 0.54 20.

65

19 0.36 -0.0331 0.01

66

0.06

24



Cervical

spondylosis

15.51 17 0.56 15.

55

18 0.62 0.0002 0.00

01

0.84

10

Spinal canal

stenosis

25.74 18 0.11 25.

82

19 0.14 -0.0028 0.01

12

0.81

61

spinal

meningioma

12.54 15 0.64 12.

59

16 0.70 0.0211 0.09

33

0.82

41

Spinal

osteochondrosis

12.48 15 0.64 13.

90

16 0.61 -0.0897 0.07

54

0.25

28

Intracranial and

intraspinal

abscess

19.03 15 0.21 21.

18

16 0.17 0.1254 0.09

64

0.21

31

Cervical spinal

cord and nerve

injuries

11.24 15 0.74 13.

46

16 0.64 -0.0952 0.06

39

0.15

69

Glioblastoma 14.37 15 0.50 14.

39

16 0.57 0.0153 0.10

62

0.88

70

Benign

meningioma

13.69 15 0.55 13.

69

16 0.62 0.0002 0.03

04

0.99

41

Malignant

meningioma

16.80 15 0.33 16.

93

16 0.39 0.0145 0.04

28

0.73

95

Pituitary

adenoma and

craniopharyngio

ma

22.54 15 0.09 22.

56

16 0.13 -0.0054 0.04

61

0.90

90

Benign neoplasm

of brain and

other parts of

CNS

8.21 15 0.92 8.8

7

16 0.92 -0.0274 0.03

37

0.42

87

Malignant

neoplasm of

brain and other

parts of CNS

12.22 15 0.66 12.

57

16 0.70 -0.0429 0.07

21

0.56

10

Hydrocephalus 10.78 15 0.77 11.

46

16 0.78 -0.0310 0.03

76

0.42

27

Craniosynostosi

s

7.36 15 0.95 7.4

6

16 0.96 0.0159 0.05

05

0.75

81

Concussion 23.18 15 0.08 23.

22

16 0.11 0.0021 0.01

32

0.87

90

Diffuse brain

injury

23.05 15 0.08 28.

18

16 0.03 0.0906 0.04

96

0.08

78

Focal brain

injury

27.23 15 0.03 28.

42

16 0.03 -0.0344 0.04

26

0.43

21

Congenital

malformations of

17.56 15 0.29 17.

76

16 0.34 0.0283 0.06

92

0.68

86



the nervous

system

Table S31 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NOx

South

Asian

Trigeminal

neuralgia

9.21 16 0.90 9.9

1

17 0.91 -0.0287 0.03

43

0.41

43

Epilepsy 18.85 18 0.40 19.

27

19 0.44 -0.0079 0.01

26

0.53

75

Parkinson's

disease

9.66 17 0.92 10.

96

18 0.90 0.0210 0.01

84

0.27

00

Alzheimer's

disease

9.37 16 0.90 9.9

1

17 0.91 0.0045 0.00

61

0.47

28

Major

depressive

disorder

17.05 18 0.52 17.

20

19 0.58 0.0093 0.02

40

0.70

37

Obsessive

Compulsive

Disorder

19.20 18 0.38 23.

84

19 0.20 -0.0522 0.02

51

0.05

16

Stroke 27.27 17 0.05 27.

82

18 0.06 0.0043 0.00

73

0.56

63

Intracerebra

l hemorrhage

15.70 18 0.61 18.

00

19 0.52 0.0270 0.01

78

0.01

47

Subarachnoid

hemorrhage

21.20 18 0.27 21.

31

19 0.32 -0.0063 0.02

07

0.76

35

Transient

ischemic

attack

18.17 16 0.31 18.

77

17 0.34 0.0085 0.01

17

0.47

95

Cerebral

infarction

12.61 18 0.81 12.

64

19 0.86 -0.0002 0.00

01

0.86

84

Cerebral

aneurysm

14.35 18 0.71 16.

68

19 0.61 -0.0274 0.01

80

0.14

41

Cervical 15.16 19 0.71 15. 20 0.77 -0.0000 0.00 0.98
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Spinal canal

stenosis

36.28 18 0.01 36.

82

19 0.01 -0.0074 0.01

43

0.61

20

spinal

meningioma

15.68 16 0.48 16.

80

17 0.47 -0.0943 0.08

92

0.30

58

Spinal

osteochondro

sis

13.63 16 0.63 16.

28

17 0.50 0.1168 0.07

17

0.12

29

Intracranial

and

intraspinal

abscess

13.24 16 0.66 13.

92

17 0.67 0.0670 0.08

13

0.42

24

Cervical

spinal cord

and nerve

injuries

11.34 16 0.79 11.

54

17 0.83 0.0277 0.06

08

0.65

49

Glioblastoma 11.54 16 0.63 13.

80

17 0.68 -0.0523 0.10

15

0.61

33

Benign

meningioma

14.74 16 0.54 15.

09

17 0.59 0.0171 0.02

88

0.56

20

Malignant

meningioma

18.39 16 0.30 18.

76

17 0.34 0.0233 0.04

12

0.57

98

Pituitary

adenoma and

craniopharyn

gioma

8.66 16 0.93 8.9

8

17 0.94 -0.0201 0.03

58

0.58

17

Benign

neoplasm of

brain and

other parts

of CNS

14.79 16 0.54 15.

04

17 0.59 -0.0161 0.03

20

0.62

09

Malignant

neoplasm of

brain and

other parts

of CNS

29.55 16 0.02 29.

58

17 0.03 0.0127 0.09

35

0.89

33

Hydrocephalu

s

26.07 16 0.05 26.

15

17 0.07 -0.0102 0.04

54

0.82

56

Craniosynost

osis

12.94 16 0.71 12.

51

17 0.77 0.0061 0.04

79

0.90

05

Concussion 21.34 16 0.17 21.

39

17 0.21 -0.0022 0.01

16

0.85

16

Diffuse brain

injury

15.30 16 0.50 16.

83

17 0.47 -0.0469 0.03

79

0.23

34



Focal brain

injury

17.23 16 0.37 18.

73

17 0.34 -0.0366 0.03

10

0.25

44

Congenital

malformation

s of the

nervous

system

15.94 16 0.46 15.

96

17 0.53 0.0077 0.06

06

0.90

04

Table S32 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NOx

East

Asian

Trigeminal

neuralgia

6.06 8 0.64 8.8

2

9 0.45 -0.0741 0.04

46

0.13

56

Epilepsy 5.37 9 0.80 6.4

5

10 0.78 0.0181 0.01

74

0.32

55

Parkinson's

disease

8.55 9 0.48 11.

87

10 0.29 0.0444 0.02

44

0.10

16

Alzheimer's

disease

4.02 7 0.78 4.0

3

8 0.85 0.0005 0.00

76

0.94

54

Major

depressive

disorder

6.21 8 0.62 8.0

1

9 0.53 -0.0291 0.02

17

0.21

72

Obsessive

Compulsive

Disorder

9.21 6 0.16 9.2

4

7 0.24 -0.0048 0.03

94

0.90

65

Stroke 15.61 7 0.03 19.

00

8 0.01 -0.0143 0.01

16

0.25

76

Intracerebra

l hemorrhage

5.77 9 0.76 6.1

5

10 0.80 -0.0158 0.02

57

0.55

30

Subarachnoid

hemorrhage

14.32 9 0.11 20.

86

10 0.02 0.0700 0.03

45

0.07

33

Transient

ischemic

attack

13.57 8 0.09 14.

38

9 0.11 -0.0130 0.01

87

0.50

69

Cerebral

infarction

4.56 9 0.87 5.4

2

10 0.86 -0.0002 0.00

02

0.37

88

Cerebral

aneurysm

3.99 9 0.91 4.6

9

10 0.91 0.0250 0.02

98

0.42

44

Cervical 7.01 9 0.64 7.2 10 0.70 0.0008 0.00 0.60
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Spinal canal

stenosis

4.03 9 0.91 4.1

7

10 0.94 0.0052 0.01

34

0.70

94

spinal

meningioma

3.51 8 0.90 3.6

7

9 0.93 0.0462 0.11

61

0.70

10

Spinal

osteochondro

sis

8.94 8 0.35 11.

45

9 0.25 0.1473 0.09

83

0.17

26

Intracranial

and

intraspinal

abscess

6.92 8 0.55 8.5

0

9 0.48 -0.1332 0.10

57

0.24

31

Cervical

spinal cord

and nerve

injuries

2.68 8 0.95 2.9

6

9 0.97 -0.0417 0.07

90

0.61

22

Glioblastoma 7.60 8 0.47 9.2

1

9 0.42 -0.1678 0.13

22

0.23

99

Benign

meningioma

4.96 8 0.76 5.6

4

9 0.78 0.0310 0.03

76

0.43

34

Malignant

meningioma

9.10 8 0.33 11.

23

9 0.26 0.0731 0.05

33

0.20

80

Pituitary

adenoma and

craniopharyn

gioma

9.83 8 0.28 10.

39

9 0.32 0.0349 0.05

16

0.51

79

Benign

neoplasm of

brain and

other parts

of CNS

16.25 8 0.04 18.

75

9 0.03 0.0659 0.05

94

0.29

96

Malignant

neoplasm of

brain and

other parts

of CNS

3.69 8 0.88 7.5

0

9 0.58 0.1753 0.08

96

0.08

62

Hydrocephalu

s

9.64 8 0.29 9.9

7

9 0.35 0.0269 0.05

07

0.61

10

Craniosynost

osis

11.59 8 0.17 13.

86

9 0.13 -0.0940 0.07

51

0.24

58

Concussion 10.66 8 0.22 13.

63

9 0.14 0.0225 0.01

51

0.17

42

Diffuse brain

injury

9.54 8 0.30 10.

09

9 0.34 0.0366 0.05

38

0.51

62



Focal brain

injury

5.19 8 0.74 5.1

9

9 0.82 0.0024 0.03

89

0.95

20

Congenital

malformation

s of the

nervous

system

9.90 8 0.27 11.

26

9 0.26 -0.0918 0.08

76

0.32

51

Table S33 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NOx

Greate

r

Middle

Easter

n

Trigeminal

neuralgia

20.85 13 0.08 21.

26

14 0.10 -0.0282 0.05

60

0.62

31

Epilepsy 30.50 17 0.02 30.

54

18 0.03 0.0033 0.02

31

0.88

76

Parkinson's

disease

24.62 17 0.10 25.

43

18 0.11 -0.0217 0.02

91

0.46

65

Alzheimer's

disease

30.71 17 0.02 30.

89

18 0.03 -0.0029 0.00

90

0.75

41

Major

depressive

disorder

10.99 12 0.53 11.

05

13 0.61 0.0089 0.03

79

0.81

90

Obsessive

Compulsive

Disorder

10.94 10 0.36 11.

07

11 0.44 -0.0132 0.03

85

0.73

85

Stroke 7.01 13 0.90 7.0

1

14 0.93 0.0008 0.00

82

0.99

24

Intracerebra

l hemorrhage

20.95 17 0.23 25.

92

18 0.10 -0.0565 0.02

81

0.06

07

Subarachnoid

hemorrhage

20.23 17 0.26 20.

69

18 0.30 -0.0182 0.02

95

0.54

48

Transient

ischemic

attack

11.14 13 0.60 11.

29

14 0.66 -0.0054 0.01

41

0.71

04

Cerebral

infarction

17.91 17 0.39 18.

02

18 0.45 0.0005 0.00

01

0.74

59

Cerebral

aneurysm

14.85 17 0.61 15.

21

18 0.65 -0.0162 0.02

73

0.55

94

Cervical 14.62 17 0.62 15. 18 0.65 0.0001 0.00 0.44



spondylosis 23 01 47

Spinal canal

stenosis

7.77 17 0.97 10.

46

18 0.92 -0.0219 0.01

33

0.11

92

spinal

meningioma

11.77 13 0.55 11.

79

14 0.62 -0.0149 0.11

47

0.89

88

Spinal

osteochondro

sis

15.32 13 0.29 16.

17

14 0.30 0.0847 0.10

02

0.41

35

Intracranial

and

intraspinal

abscess

22.61 13 0.05 25.

87

14 0.03 0.1889 0.13

80

0.19

43

Cervical

spinal cord

and nerve

injuries

13.62 13 0.40 13.

63

14 0.48 0.0034 0.08

03

0.96

68

Glioblastoma 14.57 13 0.34 14.

60

14 0.41 -0.0231 0.13

86

0.87

00

Benign

meningioma

23.90 13 0.03 24.

07

14 0.04 0.0154 0.05

04

0.76

54

Malignant

meningioma

19.79 13 0.10 19.

81

14 0.14 0.0068 0.06

10

0.91

24

Pituitary

adenoma and

craniopharyn

gioma

10.42 13 0.66 10.

69

14 0.71 -0.0239 0.04

62

0.61

37

Benign

neoplasm of

brain and

other parts

of CNS

8.95 13 0.78 12.

07

14 0.60 -0.0727 0.04

12

0.10

09

Malignant

neoplasm of

brain and

other parts

of CNS

11.75 13 0.55 11.

75

14 0.63 0.0015 0.88

58

0.98

65

Hydrocephalu

s

10.68 13 0.64 12.

18

14 0.59 0.0562 0.04

59

0.24

20

Craniosynost

osis

22.79 13 0.04 23.

89

14 0.05 -0.0646 0.08

18

0.44

35

Concussion 10.11 13 0.69 10.

64

14 0.71 0.0096 0.01

30

0.47

63

Diffuse brain

injury

8.62 13 0.80 9.6

1

14 0.79 -0.0486 0.04

89

0.33

84



Focal brain

injury

15.03 13 0.31 15.

12

14 0.37 0.0113 0.04

15

0.78

92

Congenital

malformation

s of the

nervous

system

9.80 13 0.71 11.

66

14 0.63 0.1061 0.07

79

0.19

62

Table S34 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NO2

Europe

an

Trigeminal

neuralgia

0.93 2 0.63 1.7

6

3 0.62 0.1457 0.16

02

0.45

91

Epilepsy 2.67 2 0.26 5.2

0

3 0.16 -0.0775 0.05

63

0.30

25

Parkinson's

disease

9,13 3 0.03 11.

75

4 0.02 -0.1285 0.13

84

0.42

15

Alzheimer's

disease

3.90 2 0.14 5.6

2

3 0.13 0.0324 0.03

45

0.44

72

Major

depressive

disorder

0.44 2 0.80 7,7

4

3 0.05 0.2622 0.09

70

0.11

40

Obsessive

Compulsive

Disorder

0.33 2 0.85 0.3

3

3 0.95 -0.0064 0.10

54

0.95

71

Stroke 2.08 2 0.35 3.3

1

3 0.35 -0.0248 0.02

28

0.39

04

Intracerebra

l hemorrhage

3.19 2 0.20 8.6

5

3 0.03 0.1584 0.08

56

0.20

54

Subarachnoid

hemorrhage

5.79 2 0.06 6.0

1

3 0.11 0.0348 0.12

49

0.80

66

Transient

ischemic

attack

1.05 2 0.59 3.3

1

3 0.35 -0.0775 0.05

16

0.27

21

Cerebral

infarction

1.67 2 0.43 6.8

4

3 0.08 -0.0014 0.00

06

0.15

08

Cerebral

aneurysm

5.81 2 0.05 6.0

6

3 0.11 0.0296 0.10

07

0.79

64

Cervical 0.85 2 0.65 0.8 3 0.84 -0.0000 0.00 0.99
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Spinal canal

stenosis

0.14 2 0.93 0.1

8

3 0.98 -0.0087 0.04

51

0.86

49

spinal

meningioma

0.34 2 0.84 1.1

1

3 0.78 -0.3604 0.41

18

0.47

37

Spinal

osteochondro

sis

2.66 2 0.26 3.9

4

3 0.27 -0.3813 0.38

83

0.42

97

Intracranial

and

intraspinal

abscess

5.26 2 0.07 6.1

7

3 0.10 -0.3632 0.61

55

0.61

49

Cervical

spinal cord

and nerve

injuries

0.15 2 0.93 0.3

7

3 0.95 0.1342 0.28

45

0.68

36

Glioblastoma 0.87 2 0.65 2.0

8

3 0.56 0.5136 0.46

61

0.38

54

Benign

meningioma

2.73 2 0.25 2.9

0

3 0.41 0.0550 0.15

71

0.75

98

Malignant

meningioma

7.59 2 0.02 10.

07

3 0.02 0.2819 0.34

80

0.50

30

Pituitary

adenoma and

craniopharyn

gioma

4.99 2 0.08 7.2

4

3 0.06 -0.2473 0.26

02

0.44

22

Benign

neoplasm of

brain and

other parts

of CNS

2.08 2 0.35 3.2

9

3 0.35 0.1639 0.15

18

0.39

31

Malignant

neoplasm of

brain and

other parts

of CNS

1.57 2 0.46 2.6

4

3 0.45 -0.3281 0.31

75

0.41

00

Hydrocephalu

s

1.48 2 0.48 1.5

0

3 0.68 0.0190 0.16

72

0.92

00

Craniosynost

osis

0.16 2 0.92 0.7

3

3 0.87 0.1699 0.22

44

0.52

79

Concussion 0.59 2 0.74 0.7

3

3 0.87 0.175 0.04

72

0.74

66

Diffuse brain

injury

2.27 2 0.32 2.6

8

3 0.44 0.1132 0.18

97

0.61

11



Focal brain

injury

12.03 2 0.00 13.

21

3 0.00 0.1530 0.34

52

0.70

10

Congenital

malformation

s of the

nervous

system

1.02 2 0.60 1.0

2

3 0.80 -0.0018 0.28

43

0.99

56

Table S35 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NO2

Africa

n

Americ

an or

Afro-C

aribbe

an

Trigeminal

neuralgia

15.33 25 0.93 15.

33

26 0.95 0.0002 0.02

71

0.99

56

Epilepsy 25.71 29 0.64 25.

72

30 0.69 0.0011 0.00

89

0.90

48

Parkinson's

disease

20.98 29 0.86 22.

48

30 0.84 0.0170 0.01

38

0.23

00

Alzheimer's

disease

13.57 27 0.99 14.

39

28 0.98 0.0039 0.00

44

0.37

65

Major

depressive

disorder

17.47 20 0.62 18.

16

21 0.64 0.0146 0.01

76

0.41

85

Obsessive

Compulsive

Disorder

13.35 20 0.86 14.

58

21 0.84 0.0222 0.02

00

0.28

03

Stroke 37.43 28 0.11 37.

45

29 0.14 0.0005 0.00

49

0.91

37

Intracerebra

l hemorrhage

24.55 29 0.70 24.

93

30 0.73 0.0079 0.01

27

0.54

02

Subarachnoid

hemorrhage

35.64 29 0.18 35.

71

30 0.22 0.0035 0.01

51

0.81

64

Transient

ischemic

attack

20.36 25 0.73 20.

79

26 0.75 -0.0057 0.00

86

0.51

55

Cerebral

infarction

39.29 29 0.10 39.

32

30 0.12 -0.0000 0.00

01

0.88

35

Cerebral

aneurysm

22.37 29 0.80 23.

79

30 0.78 0.0137 0.01

15

0.24

26

Cervical 18.47 28 0.91 18. 29 0.93 0.0000 0.00 0.59



spondylosis 75 00 75

Spinal canal

stenosis

30.54 29 0.39 30.

57

30 0.44 0.0013 0.00

80

0.86

74

spinal

meningioma

26.51 25 0.38 26.

59

26 0.43 0.0199 0.07

23

0.78

59

Spinal

osteochondro

sis

23.87 25 0.53 25.

58

26 0.49 0.0736 0.05

64

0.20

37

Intracranial

and

intraspinal

abscess

22.98 25 0.58 22.

98

26 0.63 -0.0020 0.06

41

0.97

52

Cervical

spinal cord

and nerve

injuries

23.13 25 0.57 23.

20

26 0.62 -0.0128 0.04

79

0.79

19

Glioblastoma 22.65 25 0.60 23.

45

26 0.61 -0.0718 0.08

03

0.37

97

Benign

meningioma

11.63 25 0.99 12.

15

26 0.99 -0.0164 0.02

27

0.47

64

Malignant

meningioma

19.80 25 0.76 19.

96

26 0.79 -0.0119 0.03

02

0.69

65

Pituitary

adenoma and

craniopharyn

gioma

22.60 25 0.61 23.

16

26 0.62 -0.0212 0.02

84

0.46

10

Benign

neoplasm of

brain and

other parts

of CNS

26.86 25 0.36 29.

86

26 0.27 -0.0437 0.02

61

0.10

67

Malignant

neoplasm of

brain and

other parts

of CNS

23.77 25 0.53 24.

07

26 0.57 0.0292 0.05

43

0.59

51

Hydrocephalu

s

19.38 25 0.78 20.

98

26 0.74 -0.0352 0.02

79

0.21

85

Craniosynost

osis

28.84 25 0.27 29.

30

26 0.30 0.0257 0.04

05

0.53

20

Concussion 21.14 25 0.69 23.

83

26 0.59 -0.0131 0.00

80

0.11

31

Diffuse brain

injury

16.99 25 0.88 17.

51

26 0.89 0.0214 0.02

99

0.48

12



Focal brain

injury

16.64 25 0.89 16.

96

26 0.91 -0.0134 0.02

36

0.57

59

Congenital

malformation

s of the

nervous

system

25.89 25 0.41 28.

39

26 0.34 0.0754 0.04

85

0.13

26

Table S36 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NO2

South

Asian

Trigeminal

neuralgia

16.82 18 0.54 17.

35

19 0.57 -0.0311 0.04

23

0.47

26

Epilepsy 15.00 21 0.82 15.

12

22 0.86 -0.0055 0.01

57

0.73

23

Parkinson's

disease

21.23 21 0.45 24.

61

22 0.32 -0.0402 0.02

20

0.08

17

Alzheimer's

disease

24.83 20 0.21 27.

25

21 0.16 -0.0105 0.00

75

0.17

88

Major

depressive

disorder

20.29 17 0.26 20.

74

18 0.29 0.0192 0.03

14

0.54

95

Obsessive

Compulsive

Disorder

13.89 14 0.46 14.

51

15 0.49 0.0252 0.03

21

0.44

59

Stroke 12.10 16 0.74 12.

41

17 0.77 0.0041 0.00

73

0.58

57

Intracerebra

l hemorrhage

19.85 20 0.47 19.

88

21 0.53 -0.0040 0.02

32

0.86

36

Subarachnoid

hemorrhage

16.87 21 0.72 17.

17

22 0.75 -0.0133 0.02

39

0.58

50

Transient

ischemic

attack

18.09 18 0.45 21.

29

19 0.32 0.0244 0.01

37

0.09

11

Cerebral

infarction

10.17 20 0.96 10.

76

21 0.97 0.0001 0.00

02

0.45

18

Cerebral

aneurysm

10.95 21 0.9 10.

96

22 0.98 -0.0018 0.02

41

0.94

23

Cervical 31.39 20 0.05 32. 21 0.05 0.0001 0.00 0.39
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Spinal canal

stenosis

22.31 21 0.38 30.

18

22 0.11 0.0341 0.01

25

0.01

28

spinal

meningioma

10.36 18 0.92 10.

38

19 0.94 0.0184 0.11

02

0.86

93

Spinal

osteochondro

sis

20.43 18 0.31 20.

43

19 0.37 -0.0000 0.09

43

0.99

94

Intracranial

and

intraspinal

abscess

20.93 18 0.28 21.

71

19 0.30 -0.0884 0.10

84

0.42

56

Cervical

spinal cord

and nerve

injuries

18.84 18 0.40 20.

26

19 0.38 0.0896 0.07

68

0.25

88

Glioblastoma 14.08 18 0.72 14.

33

19 0.76 0.0626 0.12

48

0.62

18

Benign

meningioma

12.56 18 0.82 12.

68

19 0.85 0.0124 0.03

57

0.73

30

Malignant

meningioma

17.04 18 0.52 17.

05

19 0.59 -0.0050 0.04

75

0.91

68

Pituitary

adenoma and

craniopharyn

gioma

8.43 18 0.97 8.5

0

19 0.98 0.0116 0.04

40

0.79

49

Benign

neoplasm of

brain and

other parts

of CNS

18.71 18 0.41 19.

03

19 0.45 -0.0224 0.04

04

0.58

62

Malignant

neoplasm of

brain and

other parts

of CNS

22.11 18 0.23 22.

14

19 0.28 -0.0143 0.09

42

0.88

10

Hydrocephalu

s

19.87 18 0.34 21.

89

19 0.29 -0.0628 0.04

64

0.19

27

Craniosynost

osis

15.68 18 0.61 18.

65

19 0.48 -0.1026 0.05

96

0.10

21

Concussion 16.07 18 0.59 18.

31

19 0.50 -0.0187 0.01

25

0.15

18

Diffuse brain

injury

27.86 18 0.06 28.

51

19 0.07 0.0379 0.05

85

0.52

47



Focal brain

injury

22.05 18 0.23 23.

23

19 0.23 0.0403 0.04

11

0.33

95

Congenital

malformation

s of the

nervous

system

19.70 18 0.35 20.

48

19 0.37 -0.0663 0.07

88

0.41

07

Table S37 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NO2

East

Asian

Trigeminal

neuralgia

5.65 9 0.77 5.6

5

10 0.84 0.0035 0.04

15

0.93

55

Epilepsy 7.02 12 0.86 7.2

2

13 0.89 0.0064 0.01

43

0.66

48

Parkinson's

disease

12.99 12 0.37 13.

30

13 0.42 0.0106 0.01

97

0.60

22

Alzheimer's

disease

8.95 9 0.44 10.

03

10 0.44 -0.0065 0.00

63

0.32

54

Major

depressive

disorder

4.67 9 0.86 5.8

5

10 0.83 0.0181 0.01

66

0.30

48

Obsessive

Compulsive

Disorder

5.77 7 0.57 6.5

4

8 0.59 0.0248 0.02

82

0.40

78

Stroke 9.14 10 0.52 9.2

4

11 0.60 0.0022 0.00

69

0.76

03

Intracerebra

l hemorrhage

15.18 12 0.23 16.

28

13 0.23 -0.0204 0.02

19

0.36

92

Subarachnoid

hemorrhage

12.85 12 0.38 12.

85

13 0.46 0.0010 0.02

14

0.96

40

Transient

ischemic

attack

5.21 9 0.82 5.6

5

10 0.84 0.0088 0.01

33

0.52

40

Cerebral

infarction

10.62 12 0.56 10.

67

13 0.64 -0.0000 0.00

01

0.83

51

Cerebral

aneurysm

16.82 12 0.16 16.

82

13 0.21 -0.0012 0.02

61

0.96

50

Cervical 8.53 12 0.74 10. 13 0.64 0.0002 0.00 0.16
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Spinal canal

stenosis

10.61 12 0.56 11.

31

13 0.59 0.0089 0.01

07

0.41

96

spinal

meningioma

13.05 9 0.16 13.

29

10 0.21 0.0532 0.12

95

0.69

10

Spinal

osteochondro

sis

7.83 9 0.55 7.8

9

10 0.64 -0.0204 0.08

63

0.81

83

Intracranial

and

intraspinal

abscess

11.63 9 0.23 11.

76

10 0.30 0.0345 0.11

17

0.76

47

Cervical

spinal cord

and nerve

injuries

6.57 9 0.68 7.2

2

10 0.70 0.0589 0.07

33

0.44

25

Glioblastoma 8.68 9 0.47 8.7

1

10 0.56 0.0204 0.12

23

0.87

12

Benign

meningioma

8.34 9 0.50 9.8

2

10 0.46 -0.0425 0.03

50

0.25

53

Malignant

meningioma

10.47 9 0.31 14.

47

10 0.15 -0.0931 0.05

02

0.09

68

Pituitary

adenoma and

craniopharyn

gioma

12.07 9 0.21 12.

47

10 0.25 0.0273 0.05

01

0.59

86

Benign

neoplasm of

brain and

other parts

of CNS

8.77 9 0.46 8.9

8

10 0.53 0.0176 0.03

87

0.65

99

Malignant

neoplasm of

brain and

other parts

of CNS

17.40 9 0.04 17.

95

10 0.06 0.0616 0.11

56

0.60

71

Hydrocephalu

s

8.18 9 0.52 8.2

1

10 0.61 0.0070 0.04

31

0.87

39

Craniosynost

osis

12.08 9 0.21 13.

42

10 0.20 0.0673 0.06

73

0.34

37

Concussion 4.26 9 0.89 5.4

2

10 0.86 0.0132 0.01

22

0.30

82

Diffuse brain

injury

5.81 9 0.76 5.8

3

10 0.83 0.0053 0.04

59

0.91

01



Focal brain

injury

8.54 9 0.48 8.6

8

10 0.56 0.0135 0.03

62

0.71

74

Congenital

malformation

s of the

nervous

system

10.16 9 0.34 10.

25

10 0.42 -0.0233 0.07

83

0.77

28

Table S38 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

NO2

Greate

r

Middle

Easter

n and

Ne

Trigeminal

neuralgia

20.77 18 0.29 21.

49

19 0.31 -0.0336 0.04

26

0.43

98

Epilepsy 24.20 22 0.34 24.

58

23 0.37 -0.0095 0.01

61

0.56

02

Parkinson's

disease

18.38 22 0.68 20.

29

23 0.62 -0.0280 0.02

03

0.18

01

Alzheimer's

disease

18.77 20 0.54 22.

42

21 0.38 -0.0117 0.00

61

0.07

07

Major

depressive

disorder

17.97 20 0.59 18.

11

21 0.64 0.0114 0.03

06

0.71

27

Obsessive

Compulsive

Disorder

13.49 16 0.64 14.

07

17 0.66 0.0232 0.03

06

0.45

79

Stroke 12.39 16 0.72 13.

11

17 0.73 -0.0066 0.00

78

0.40

71

Intracerebra

l hemorrhage

14.91 22 0.87 20.

38

23 0.62 -0.0515 0.02

20

0.02

89

Subarachnoid

hemorrhage

28.49 22 0.16 28.

83

23 0.19 0.0136 0.02

66

0.61

29

Transient

ischemic

attack

12.06 18 0.84 13.

10

19 0.83 -0.0130 0.01

27

0.31

96

Cerebral

infarction

23.72 22 0.36 24.

73

23 0.36 -0.0001 0.00

01

0.34

36

Cerebral

aneurysm

21.28 22 0.50 25.

66

23 0.32 -0.0547 0.02

61

0.04

80

Cervical 21.42 19 0.31 24. 20 0.21 0.0002 0.00 0.10
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Spinal canal

stenosis

17.14 22 0.76 17.

71

23 0.77 -0.0085 0.01

12

0.45

76

spinal

meningioma

14.55 18 0.69 14.

84

19 0.73 0.0545 0.10

27

0.60

20

Spinal

osteochondro

sis

11.99 18 0.85 12.

16

19 0.88 -0.0341 0.08

26

0.68

49

Intracranial

and

intraspinal

abscess

20.15 18 0.32 20.

16

19 0.38 0.0113 0.09

94

0.91

09

Cervical

spinal cord

and nerve

injuries

31.70 18 0.02 31.

92

19 0.03 -0.0336 0.09

35

0.72

33

Glioblastoma 8.28 18 0.97 8.4

0

19 0.98 -0.0396 0.11

68

0.73

87

Benign

meningioma

26.58 18 0.09 26.

83

19 0.11 -0.0167 0.04

05

0.68

63

Malignant

meningioma

14.35 18 0.71 17.

39

19 0.56 -0.077 0.04

4

0.09

8

Pituitary

adenoma and

craniopharyn

gioma

22.46 18 0.21 26.

52

19 0.12 -0.0833 0.04

61

0.08

78

Benign

neoplasm of

brain and

other parts

of CNS

17.89 18 0.46 18.

52

19 0.49 0.0295 0.03

70

0.43

52

Malignant

neoplasm of

brain and

other parts

of CNS

18.56 18 0.42 24.

40

19 0.18 0.1918 0.08

06

0.02

85

Hydrocephalu

s

20.41 18 0.31 21.

01

19 0.34 0.0318 0.04

38

0.47

69

Craniosynost

osis

11.35 18 0.88 11.

42

19 0.91 -0.0151 0.05

54

0.78

86

Concussion 10.45 18 0.92 11.

23

19 0.92 -0.010 0.01

16

0.38

76

Diffuse brain

injury

11.15 18 0.89 16.

88

19 0.60 -0.1051 0.04

39

0.02

78



Focal brain

injury

15.56 18 0.62 15.

70

19 0.68 -0.0132 0.03

46

0.70

70

Congenital

malformation

s of the

nervous

system

18.19 18 0.44 20.

17

19 0.38 0.0986 0.07

04

0.17

83

Table S39 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

Europe

an

Trigeminal

neuralgia

5.05 4 0.28 5.0

7

5 0.41 0.0050 0.04

29

0.91

30

Epilepsy 16.42 4 0.00 116

.46

5 0.01 -0.0024 0.02

66

0.93

16

Parkinson's

disease

4.20 4 0.38 4.5

5

5 0.47 -0.0116 0.02

03

0.59

83

Alzheimer's

disease

4.38 4 0.36 4.4

9

5 0.48 0.0028 0.00

87

0.76

34

Major

depressive

disorder

26.02 3 0.00 27.

04

4 0.00 0.0638 0.18

53

0.75

34

Obsessive

Compulsive

Disorder

3.00 3 0.39 3.0

1

4 0.56 -0.0033 0.02

93

0.91

69

Stroke 6.11 4 0.19 8.3

6

5 0.14 0.0090 0.00

75

0.29

20

Intracerebra

l hemorrhage

2.64 4 0.62 2.6

8

5 0.75 0.0040 0.01

88

0.84

16

Subarachnoid

hemorrhage

9.90 4 0.04 10.

21

5 0.07 -0.0112 0.03

17

0.74

19

Transient

ischemic

attack

5.26 4 0.26 5.7

5

5 0.33 0.0086 0.01

40

0.57

29

Cerebral

infarction

2.92 3 0.40 3.3

8

4 0.50 0.0002 0.00

04

0.54

86

Cerebral

aneurysm

5.44 4 0.24 5.9

1

5 0.32 0.0127 0.02

17

0.58

98

Cervical 9.79 5 0.08 12. 6 0.05 -0.0004 0.00 0.29
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Spinal canal

stenosis

8.81 4 0.07 11.

29

5 0.05 0.0175 0.01

65

0.34

88

spinal

meningioma

6.57 4 0.16 6.5

9

5 0.25 -0.0146 0.12

71

0.91

43

Spinal

osteochondro

sis

2.91 4 0.57 3.3

7

5 0.64 0.0542 0.07

99

0.53

50

Intracranial

and

intraspinal

abscess

4.41 4 0.35 7.6

2

5 0.18 0.1630 0.09

54

0.16

27

Cervical

spinal cord

and nerve

injuries

2.00 4 0.74 2.8

9

5 0.72 0.0635 0.06

73

0.39

92

Glioblastoma 1.32 4 0.86 1.3

6

5 0.93 0.0206 0.11

22

0.86

34

Benign

meningioma

2.74 4 0.60 2.8

6

5 0.72 -0.0111 0.03

20

0.74

60

Malignant

meningioma

4.74 4 0.32 6.1

1

5 0.30 0.0501 0.04

65

0.34

20

Pituitary

adenoma and

craniopharyn

gioma

6.02 4 0.20 8.7

5

5 0.12 -0.0656 0.04

87

0.24

91

Benign

neoplasm of

brain and

other parts

of CNS

5.51 4 0.24 10.

02

5 0.07 -0.0756 0.04

18

0.14

47

Malignant

neoplasm of

brain and

other parts

of CNS

1.20 4 0.88 3.5

0

5 0.62 -0.1159 0.07

64

0.20

37

Hydrocephalu

s

0.08 4 1.00 2.4

6

5 0.78 0.0609 0.03

94

0.19

76

Craniosynost

osis

1.23 4 0.87 2.0

3

5 0.84 0.0479 0.05

34

0.42

09

Concussion 5.62 4 0.23 5.6

4

5 0.34 -0.0016 0.01

33

0.90

90

Diffuse brain

injury

12.60 4 0.01 12.

89

5 0.02 -0.0225 0.07

45

0.77

81



Focal brain

injury

1.94 4 0.75 2.2

9

5 0.81 0.0198 0.03

31

0.58

23

Congenital

malformation

s of the

nervous

system

3.50 4 0.48 3.5

0

5 0.62 -0.0029 0.06

73

0.96

75

Table S40 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

Africa

n

Americ

an or

Afro-C

aribbe

an

Trigeminal

neuralgia

20.58 21 0.48 21.

04

22 0.52 -0.0252 0.03

74

0.50

77

Epilepsy 20.18 22 0.57 20.

39

23 0.62 -0.0061 0.01

34

0.65

43

Parkinson's

disease

24.14 22 0.34 24.

97

23 0.35 0.0170 0.01

95

0.39

37

Alzheimer's

disease

15.80 21 0.78 16.

79

22 0.77 0.0055 0.00

55

0.33

07

Major

depressive

disorder

24.32 21 0.28 24.

50

22 0.32 0.0076 0.01

90

0.69

53

Obsessive

Compulsive

Disorder

26.54 20 0.15 26.

95

21 0.17 -0.0148 0.02

66

0.58

34

Stroke 27.16 21 0.17 27.

32

22 0.20 0.0023 0.00

64

0.72

59

Intracerebra

l hemorrhage

16.56 22 0.79 16.

68

23 0.82 0.0066 0.01

89

0.73

13

Subarachnoid

hemorrhage

28.53 22 0.16 28.

62

23 0.19 -0.0061 0.02

30

0.79

16

Transient

ischemic

attack

18.33 21 0.63 18.

60

22 0.67 -0.0062 0.01

20

0.60

95

Cerebral

infarction

18.78 22 0.66 18.

79

23 0.71 0.0000 0.00

01

0.93

61

Cerebral

aneurysm

20.13 22 0.57 20.

36

23 0.62 -0.0093 0.01

95

0.63

64

Cervical 31.24 22 0.09 31. 23 0.11 0.0000 0.00 0.69
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Spinal canal

stenosis

20.49 22 0.55 20.

66

23 0.60 -0.0043 0.01

04

0.68

27

spinal

meningioma

17.60 21 0.67 19.

47

22 0.62 -0.1322 0.09

67

0.18

59

Spinal

osteochondro

sis

21.00 21 0.46 21.

09

22 0.52 0.0233 0.07

78

0.76

78

Intracranial

and

intraspinal

abscess

17.02 21 0.71 17.

23

22 0.75 0.0413 0.08

87

0.64

66

Cervical

spinal cord

and nerve

injuries

24.99 21 0.25 25.

45

22 0.28 0.0450 0.07

21

0.53

90

Glioblastoma 15.08 21 0.82 16.

58

22 0.79 0.1351 0.11

03

0.23

39

Benign

meningioma

26.23 21 0.20 26.

24

22 0.24 -0.0031 0.03

52

0.93

03

Malignant

meningioma

18.72 21 0.60 19.

05

22 0.64 -0.0241 0.04

19

0.57

15

Pituitary

adenoma and

craniopharyn

gioma

11.86 21 0.94 12.

52

22 0.95 0.0316 0.03

90

0.42

67

Benign

neoplasm of

brain and

other parts

of CNS

24.39 21 0.27 25.

03

22 0.30 0.0280 0.03

76

0.46

46

Malignant

neoplasm of

brain and

other parts

of CNS

26.10 21 0.20 26.

24

22 0.24 0.0277 0.08

34

0742

8

Hydrocephalu

s

19.55 21 0.55 20.

29

22 0.56 0.0335 0.03

88

0.39

85

Craniosynost

osis

14.65 21 0.84 14.

78

22 0.87 0.0185 0.05

23

0.72

69

Concussion 11.68 21 0.95 16.

43

22 0.79 -0.0239 0.01

10

0.04

08

Diffuse brain

injury

19.83 21 0.53 23.

20

22 0.39 -0.0759 0.04

14

0.08

05



Focal brain

injury

17.18 21 0.70 17.

89

22 0.71 -0.0274 0.03

26

0.40

99

Congenital

malformation

s of the

nervous

system

38.36 21 0.01 42.

06

22 0.01 0.1273 0.08

94

0.16

92

Table S41 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

South

Asian

Trigeminal

neuralgia

20.66 24 0.66 20.

71

25 0.71 0.0068 0.02

83

0.81

27

Epilepsy 20.32 26 0.78 21.

43

27 0.77 -0.0110 0.01

05

0.30

13

Parkinson's

disease

27.53 26 0.38 30.

46

27 0.29 0.0241 0.01

45

0.10

83

Alzheimer's

disease

51.44 23 0.00 51.

44

24 0.00 0.0001 0.00

64

0.98

41

Major

depressive

disorder

19.10 23 0.70 19.

14

24 0.74 -0.0037 0.01

84

0.84

06

Obsessive

Compulsive

Disorder

26.97 21 0.17 30.

47

22 0.11 0.0394 0.02

38

0.11

33

Stroke 28.92 24 0.22 29.

48

25 0.24 0.0033 0.00

49

0.50

30

Intracerebra

l hemorrhage

19.45 26 0.82 19.

59

27 0.85 0.0055 0.01

48

0.71

07

Subarachnoid

hemorrhage

39.86 26 0.04 39.

93

27 0.05 0.0039 0.01

95

0.84

12

Transient

ischemic

attack

35.99 24 0.06 38.

26

25 0.04 -0.0137 0.01

11

0.23

02

Cerebral

infarction

24.48 26 0.55 24.

52

27 0.60 0.0000 0.00

00

0.84

63

Cerebral

aneurysm

19.39 26 0.82 19.

41

27 0.85 0.0027 0.01

67

0.87

44

Cervical 35.49 26 0.10 36. 27 0.10 -0.0000 0.00 0.31



spondylosis 93 00 38

Spinal canal

stenosis

42.97 26 0.02 43.

94

27 0.02 0.0077 0.01

00

0.45

13

spinal

meningioma

19.89 24 0.70 19.

93

25 0.75 -0.0146 0.07

32

0.84

35

Spinal

osteochondro

sis

27.89 24 0.26 28.

92

25 0.27 0.0599 0.06

36

0.35

52

Intracranial

and

intraspinal

abscess

20.16 24 0.69 23.

61

25 0.54 0.1243 0.06

60

0.07

57

Cervical

spinal cord

and nerve

injuries

23.28 24 0.50 23.

90

25 0.53 0.0393 0.05

00

0.43

89

Glioblastoma 31.34 24 0.14 32.

61

25 0.14 -0.0939 0.09

52

0.33

39

Benign

meningioma

30.90 24 0.16 34.

89

25 0.09 0.0476 0.02

70

0.09

08

Malignant

meningioma

24.12 24 0.45 25.

28

25 0.45 0.0342 0.03

18

0.29

31

Pituitary

adenoma and

craniopharyn

gioma

20.16 24 0.69 22.

03

25 0.63 0.0403 0.02

95

0.18

50

Benign

neoplasm of

brain and

other parts

of CNS

16.72 24 0.86 16.

91

25 0.89 0.0113 0.02

64

0.67

10

Malignant

neoplasm of

brain and

other parts

of CNS

16.91 24 0.85 21.

98

25 0.64 0.1273 0.05

65

0.03

38

Hydrocephalu

s

37.84 24 0.04 41.

48

25 0.02 -0.0560 0.03

69

0.14

20

Craniosynost

osis

26.72 24 0.32 26.

72

25 0.37 -0.003 0.04

2

0.95

3

Concussion 11.69 24 0.98 11.

71

25 0.99 0.0010 0.00

83

0.90

58

Diffuse brain

injury

23.69 24 0.48 23.

84

25 0.53 -0.0119 0.03

13

0.70

74



Focal brain

injury

22.71 24 0.54 26.

54

25 0.38 -0.0484 0.02

47

0.06

22

Congenital

malformation

s of the

nervous

system

19.82 24 0.71 23.

26

25 0.56 -0.0929 0.05

01

0.07

60

Table S42 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

East

Asian

Trigeminal

neuralgia

7.53 10 0.68 8.0

1

11 0.71 -0.0293 0.04

22

0.50

27

Epilepsy 10.16 11 0.52 11.

72

12 0.47 0.0186 0.01

49

0.23

84

Parkinson's

disease

5.64 11 0.90 6.2

1

12 0.91 0.0157 0.02

07

0.46

51

Alzheimer's

disease

6.49 10 0.77 6.5

1

11 0.84 0.0009 0.00

66

0.88

86

Major

depressive

disorder

9.91 10 0.45 11.

81

11 0.38 0.0259 0.01

88

0.19

77

Obsessive

Compulsive

Disorder

5.21 8 0.73 6.5

0

9 0.69 -0.0342 0.03

02

0.28

94

Stroke 5.41 10 0.86 5.4

2

11 0.91 -0.0005 0.00

66

0.93

14

Intracerebra

l hemorrhage

14.04 11 0.23 15.

64

12 0.21 -0.0263 0.02

35

0.28

68

Subarachnoid

hemorrhage

11.50 11 0.40 11.

98

12 0.45 0.0153 0.02

26

0.51

20

Transient

ischemic

attack

16.15 10 0.10 16.

86

11 0.11 0.0113 0.01

72

0.52

36

Cerebral

infarction

7.39 11 0.77 9.4

8

12 0.66 -0.0002 0.00

01

0.17

66

Cerebral

aneurysm

10.13 11 0.52 10.

61

12 0.56 -0.0155 0.02

25

0.50

56

Cervical 11.42 11 0.41 13. 12 0.34 0.0002 0.00 0.19



spondylosis 37 01 87

Spinal canal

stenosis

8.44 11 0.67 8.4

7

12 0.75 0.0019 0.01

16

0.87

11

spinal

meningioma

8.95 10 0.54 11.

92

11 0.37 0.1883 0.10

93

0.11

56

Spinal

osteochondro

sis

6.37 11 0.85 7.1

7

12 0.85 0.0745 0.08

31

0.38

90

Intracranial

and

intraspinal

abscess

17.48 10 0.06 17.

67

11 0.09 0.0435 0.13

21

0.74

90

Cervical

spinal cord

and nerve

injuries

7.01 10 0.72 7.3

5

11 0.77 0.0434 0.07

46

0.57

37

Glioblastoma 5.41 10 0.86 6.2

1

11 0.86 -0.1114 0.12

48

0.39

30

Benign

meningioma

5.61 10 0.85 5.6

4

11 0.90 0.0058 0.03

54

0.87

38

Malignant

meningioma

6.69 10 0.75 8.0

5

11 0.71 0.0552 0.04

72

0.26

95

Pituitary

adenoma and

craniopharyn

gioma

6.90 10 0.74 7.7

8

11 0.73 -0.0414 0.04

41

0.36

92

Benign

neoplasm of

brain and

other parts

of CNS

7.41 10 0.69 8.3

5

11 0.68 0.0380 0.03

93

0.35

62

Malignant

neoplasm of

brain and

other parts

of CNS

4.05 10 0.95 7.3

8

11 0.77 0.1541 0.08

45

0.09

81

Hydrocephalu

s

10.52 10 0.40 10.

52

11 0.48 0.0021 0.04

48

0.96

34

Craniosynost

osis

16.06 10 0.10 16.

18

11 0.13 -0.0197 0.07

47

0.79

69

Concussion 17.11 10 0.07 17.

11

11 0.10 -0.0000 0.01

62

0.99

83

Diffuse brain

injury

9.70 10 0.47 11.

66

11 0.39 0.0653 0.04

66

0.19

17



Focal brain

injury

8.52 10 0.58 8.6

1

11 0.66 -0.0110 0.03

67

0.77

07

Congenital

malformation

s of the

nervous

system

10.32 10 0.41 11.

67

11 0.39 0.0865 0.07

55

0.27

85

Table S43 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

Greate

r

Middle

Easter

n

Trigeminal

neuralgia

22.06 26 0.69 25.

73

27 0.53 -0.0725 0.03

78

0.06

63

Epilepsy 36.46 29 0.16 38.

07

30 0.15 -0.0183 0.01

62

0.26

80

Parkinson's

disease

25.75 29 0.64 27.

15

30 0.62 -0.0246 0.02

08

0.24

62

Alzheimer's

disease

31.06 27 0.27 32.

17

28 0.27 0.0071 0.00

72

0.33

40

Major

depressive

disorder

23.79 22 0.36 25.

13

23 0.34 0.0449 0.04

04

0.27

76

Obsessive

Compulsive

Disorder

16.77 19 0.61 17.

28

20 0.64 -0.0278 0.03

91

0.48

58

Stroke 33.98 24 0.08 39.

54

25 0.03 0.0178 0.00

90

0.05

92

Intracerebra

l hemorrhage

24.02 29 0.73 24.

26

30 0.76 -0.0103 0.02

14

0.63

24

Subarachnoid

hemorrhage

41.36 29 0.06 45.

99

30 0.03 0.0492 0.02

73

0.08

20

Transient

ischemic

attack

31.69 26 0.20 32.

04

27 0.23 -0.0071 0.01

33

0.59

72

Cerebral

infarction

28.72 29 0.48 28.

75

30 0.53 -0.0000 0.00

02

0.85

97

Cerebral

aneurysm

18.38 29 0.94 18.

41

30 0.95 -0.0037 0.02

28

0.87

28

Cervical 35.09 28 0.17 39. 29 0.09 0.0003 0.00 0.07



spondylosis 45 02 28

Spinal canal

stenosis

38.83 29 0.10 39.

14

30 0.12 -0.0064 0.01

32

0.63

06

spinal

meningioma

11.49 26 0.99 11.

79

27 0.99 -0.0534 0.09

82

0.59

15

Spinal

osteochondro

sis

17.96 26 0.88 20.

32

27 0.82 -0.1213 0.07

90

0.13

69

Intracranial

and

intraspinal

abscess

26.85 26 0.42 27.

56

27 0.43 -0.0759 0.09

10

0.41

17

Cervical

spinal cord

and nerve

injuries

33.82 26 0.14 33.

85

27 0.17 0.0114 0.07

62

0.88

27

Glioblastoma 19.28 26 0.82 20.

68

27 0.80 0.1321 0.11

17

0.24

78

Benign

meningioma

20.45 26 0.77 20.

76

27 0.80 -0.0178 0.03

18

0.58

02

Malignant

meningioma

16.85 26 0.91 18.

24

27 0.90 -0.0500 0.04

24

0.24

88

Pituitary

adenoma and

craniopharyn

gioma

22.00 26 0.69 22.

02

27 0.74 0.0042 0.03

94

0.91

50

Benign

neoplasm of

brain and

other parts

of CNS

24.21 26 0.56 24.

32

27 0.61 -0.0120 0.03

52

0.73

57

Malignant

neoplasm of

brain and

other parts

of CNS

27.00 26 0.41 27.

37

27 0.44 0.0463 0.07

73

0.55

46

Hydrocephalu

s

36.07 26 0.09 36.

07

27 0.11 -0.0023 0.04

60

0.95

97

Craniosynost

osis

26.90 26 0.41 28.

47

27 0.39 -0.0659 0.05

35

0.22

89

Concussion 15.63 26 0.94 15.

91

27 0.95 -0.0058 0.01

10

0.60

40

Diffuse brain

injury

29.14 26 0.30 29.

14

27 0.35 -0.0016 0.04

41

0.97

11



Focal brain

injury

37.27 26 0.07 38.

31

27 0.07 0.0334 0.03

93

0.40

23

Congenital

malformation

s of the

nervous

system

20.45 26 0.77 20.

46

27 0.81 0.0062 0.06

63

0.92

65

Table S44 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

–10

Europe

an

Trigeminal

neuralgia

27.47 36 0.85 29.

19

37 0.82 0.0252 0.01

92

0.19

87

Epilepsy 48.91 39 0.13 48.

91

40 0.16 0.0003 0.00

68

0.96

70

Parkinson's

disease

51.83 39 0.08 51.

87

40 0.10 0.0020 0.01

19

0.86

42

Alzheimer's

disease

28.18 37 0.85 28.

20

38 0.88 -0.0006 0.00

45

0.88

89

Major

depressive

disorder

31.67 32 0.48 33.

53

33 0.44 -0.0396 0.02

90

0.18

18

Obsessive

Compulsive

Disorder

23.75 31 0.82 23.

89

32 0.85 -0.0086 0.02

30

0.71

11

Stroke 40.44 30 0.10 41.

46

31 0.10 -0.0063 0.00

72

0.39

10

Intracerebra

l hemorrhage

39.42 39 0.45 41.

15

40 0.42 -0.0114 0.00

87

0.19

88

Subarachnoid

hemorrhage

39.77 39 0.44 39.

80

40 0.48 0.0017 0.00

94

0.85

89

Transient

ischemic

attack

42.19 36 0.22 43.

96

37 0.20 -0.0082 0.00

67

0.22

69

Cerebral

infarction

28.33 38 0.87 28.

90

39 0.88 -0.0009 0.00

01

0.45

47

Cerebral

aneurysm

36.16 39 0.60 37.

96

40 0.56 0.0104 0.00

77

0.18

80

Cervical 51.77 37 0.05 53. 38 0.05 0.0001 0.00 0.32



spondylosis 18 01 19

Spinal canal

stenosis

30.76 39 0.82 31.

76

40 0.82 -0.0059 0.00

59

0.32

06

spinal

meningioma

39.60 36 0.31 40.

05

37 0.34 0.0340 0.05

27

0.52

29

Spinal

osteochondro

sis

20.28 36 0.98 20.

28

37 0.99 -0.0002 0.04

03

0.99

60

Intracranial

and

intraspinal

abscess

23.21 36 0.95 23.

34

37 0.96 -0.0160 0.04

56

0.72

77

Cervical

spinal cord

and nerve

injuries

35.47 36 0.49 36.

82

37 0.48 -0.0398 0.03

42

0.25

21

Glioblastoma 31.85 36 0.67 32.

43

37 0.68 0.0434 0.05

69

0.45

06

Benign

meningioma

37.69 36 0.39 39.

42

37 0.36 -0.0213 0.01

66

0.20

68

Malignant

meningioma

27.72 36 0.84 29.

12

37 0.82 -0.0255 0.02

16

0.24

53

Pituitary

adenoma and

craniopharyn

gioma

35.16 36 0.51 35.

91

37 0.52 0.0173 0.02

00

0.39

24

Benign

neoplasm of

brain and

other parts

of CNS

40.40 36 0.28 40.

40

37 0.32 -0.0012 0.01

90

0.94

98

Malignant

neoplasm of

brain and

other parts

of CNS

22.50 36 0.96 22.

51

37 0.97 0.0050 0.03

87

0.89

74

Hydrocephalu

s

32.60 36 0.63 32.

65

37 0.67 -0.0046 0.01

99

0.81

73

Craniosynost

osis

44.44 36 0.16 45.

30

37 0.16 0.0249 0.02

99

0.41

07

Concussion 40.60 36 0.27 40.

63

37 0.31 0.0010 0.00

60

0.87

07

Diffuse brain

injury

27.45 36 0.85 32.

13

37 0.70 -0.0460 0.02

13

0.03

71



Focal brain

injury

50.41 36 0.06 50.

51

37 0.07 0.0053 0.01

99

0.79

10

Congenital

malformation

s of the

nervous

system

48.18 36 0.08 48.

18

37 0.10 -0.0008 0.03

93

0.98

42

Table S45 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

–10

Africa

n

Americ

an or

Afro-C

aribbe

an

Trigeminal

neuralgia

11.29 17 0.84 11.

29

18 0.88 -0.0039 0.05

81

0.94

67

Epilepsy 14.18 19 0.77 15.

38

20 0.75 -0.0231 0.02

11

0.28

78

Parkinson's

disease

21.17 19 0.33 22.

11

20 0.33 -0.0293 0.03

19

0.36

97

Alzheimer's

disease

9.88 17 0.91 9.9

0

18 0.94 -0.0013 0.00

98

0.89

65

Major

depressive

disorder

11.42 15 0.72 11.

88

16 0.75 0.0264 0.03

88

0.50

74

Obsessive

Compulsive

Disorder

11.95 15 0.68 12.

08

16 0.74 -0.0161 0.04

45

0.72

24

Stroke 12.79 17 0.75 15.

81

18 0.61 0.0160 0.00

92

0.10

03

Intracerebra

l hemorrhage

27.57 19 0.09 28.

74

20 0.09 -0.0328 0.03

64

0.37

95

Subarachnoid

hemorrhage

22.35 19 0.27 23.

25

20 0.28 -0.0307 0.03

50

0.39

19

Transient

ischemic

attack

24.84 17 0.10 25.

08

18 0.12 -0.0091 0.02

25

0.69

21

Cerebral

infarction

7.67 19 0.99 7.7

8

20 0.99 0.0007 0.00

02

0.74

34

Cerebral

aneurysm

14.70 19 0.74 16.

69

20 0.67 -0.0430 0.03

05

0.17

47

Cervical 12.62 19 0.86 13. 20 0.87 -0.0001 0.00 0.49



spondylosis 10 02 56

Spinal canal

stenosis

18.71 19 0.48 20.

95

20 0.40 -0.0252 0.01

68

0.15

14

spinal

meningioma

9.76 17 0.91 10.

72

18 0.91 -0.1484 0.15

11

0.33

98

Spinal

osteochondro

sis

8.90 17 0.94 9.5

1

18 0.95 -0.095 0.12

14

0.44

46

Intracranial

and

intraspinal

abscess

12.87 17 0.74 12.

92

18 0.80 0.0305 0.13

80

0.82

77

Cervical

spinal cord

and nerve

injuries

12.77 17 0.75 15.

55

18 0.62 0.1718 0.10

30

0.11

38

Glioblastoma 15.72 17 0.54 18.

39

18 0.43 -0.2816 0.17

22

0.12

03

Benign

meningioma

17.87 17 0.40 20.

92

18 0.28 -0.0853 0.05

01

0.10

67

Malignant

meningioma

11.88 17 0.81 14.

01

18 0.73 -0.0951 0.06

51

0.16

22

Pituitary

adenoma and

craniopharyn

gioma

14.80 17 0.61 15.

25

18 0.64 -0.0407 0.06

07

0.51

15

Benign

neoplasm of

brain and

other parts

of CNS

9.90 17 0.91 10.

50

18 0.91 -0.0420 0.05

42

0.44

91

Malignant

neoplasm of

brain and

other parts

of CNS

20.43 17 0.25 22.

32

18 0.22 0.1603 0.12

79

0.22

70

Hydrocephalu

s

17.66 17 0.41 17.

68

18 0.48 0.0082 0.06

14

0.89

47

Craniosynost

osis

7.91 17 0.97 8.1

5

18 0.98 -0.0403 0.08

12

0.62

65

Concussion 15.96 17 0.53 18.

08

18 0.45 0.0249 0.01

71

0.16

33

Diffuse brain

injury

18.47 17 0.36 19.

27

18 0.38 0.0577 0.06

71

0.40

17



Focal brain

injury

13.61 17 0.69 16.

74

18 0.54 0.0897 0.05

07

0.09

48

Congenital

malformation

s of the

nervous

system

13.89 17 0.67 13.

93

18 0.73 -0.0203 0.10

25

0.84

51

Table S46 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

–10

South

Asian

Trigeminal

neuralgia

10.77 10 0.38 10.

81

11 0.46 0.0118 0.05

91

0.84

60

Epilepsy 8.47 12 0.75 9,8

4

13 0.71 -0.0232 0.01

98

0.26

40

Parkinson's

disease

8.44 12 0.75 8.4

6

13 0.81 -0.0039 0.02

83

0.89

27

Alzheimer's

disease

13.10 11 0.29 13.

11

12 0.36 -0.0012 0.00

94

0.90

28

Major

depressive

disorder

5.53 6 0.48 5.6

6

7 0.58 -0.0152 0.04

26

0.73

35

Obsessive

Compulsive

Disorder

8.19 7 0.32 9.4

1

8 0.31 0.0434 0.04

25

0.34

14

Stroke 8.28 8 0.41 8.3

0

9 0.50 0.0015 0.00

98

0.87

80

Intracerebra

l hemorrhage

15.43 12 0.22 15.

72

13 0.26 -0.0152 0.03

15

0.63

86

Subarachnoid

hemorrhage

8.98 12 0.70 9.7

8

13 0.71 -0.0264 0.02

96

0.39

03

Transient

ischemic

attack

3.77 10 0.96 4.0

7

11 0.97 0.0101 0.01

83

0.59

26

Cerebral

infarction

7.52 12 0.82 7.9

4

13 0.85 0.0001 0.00

02

0.53

02

Cerebral

aneurysm

11.61 12 0.48 12.

24

13 0.51 0.0230 0.02

92

0.44

51

Cervical 11.61 12 0.48 12. 13 0.51 0.0230 0.02 0.44



spondylosis 24 92 51

Spinal canal

stenosis

18.84 12 0.09 19.

59

13 0.11 0.0138 0.01

99

0.50

14

spinal

meningioma

5.08 10 0.89 5.3

2

11 0.91 -0.0726 0.14

82

0.63

47

Spinal

osteochondro

sis

15.81 10 0.11 16.

48

11 0.12 0.0971 0.14

94

0.53

07

Intracranial

and

intraspinal

abscess

4.83 10 0.90 8.0

4

11 0.71 0.2417 0.13

50

0.10

37

Cervical

spinal cord

and nerve

injuries

6.11 10 0.81 6.1

2

11 0.87 0.0073 0.10

09

0.94

41

Glioblastoma 5.06 10 0.89 5.0

6

11 0.93 0.0073 0.16

84

0.96

61

Benign

meningioma

17.92 10 0.06 18.

69

11 0.07 0.0422 0.06

40

0.52

48

Malignant

meningioma

4.91 10 0.90 5.7

9

11 0.89 0.0599 0.06

38

0.36

96

Pituitary

adenoma and

craniopharyn

gioma

11.17 10 0.34 11.

18

11 0.43 0.0066 0.06

28

0.91

90

Benign

neoplasm of

brain and

other parts

of CNS

10.32 10 0.41 10.

72

11 0.47 -0.0339 0.05

40

0.54

45

Malignant

neoplasm of

brain and

other parts

of CNS

7.22 10 0.70 8.4

1

11 0.68 -0.1245 0.11

43

0.30

17

Hydrocephalu

s

9.22 10 0.51 9.8

0

11 0.55 0.0448 0.05

90

0.46

54

Craniosynost

osis

3.61 10 0.96 3.7

0

11 0.98 -0.0229 0.07

98

0.78

04

Concussion 8.22 10 0.61 8.6

0

11 0.66 -0.0103 0.01

67

0.55

09

Diffuse brain

injury

13.08 10 0.22 13.

84

11 0.24 0.0550 0.07

21

0.46

33



Focal brain

injury

20.14 10 0.03 20.

22

11 0.04 -0.0136 0.07

05

0.85

11

Congenital

malformation

s of the

nervous

system

9.25 10 0.51 9.2

5

11 0.60 -0.0006 0.10

07

0.99

55

Table S47 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

–10

East

Asian

Trigeminal

neuralgia

4.93 7 0.67 5.2

2

8 0.73 0.0189 0.03

51

0.60

69

Epilepsy 9.44 6 0.15 9.5

1

7 0.22 -0.0037 0.01

74

0.83

98

Parkinson's

disease

3.55 6 0.74 4.6

3

7 0.71 -0.0210 0.02

02

0.33

85

Alzheimer's

disease

2.02 6 0.92 4.3

6

7 0.74 -0.0094 0.00

61

0.17

69

Major

depressive

disorder

3.73 6 0.71 4.1

4

7 0.76 -0.0111 0.01

74

0.54

74

Obsessive

Compulsive

Disorder

2.95 4 0.57 3.5

5

5 0.62 0.0243 0.03

14

0.48

23

Stroke 5.79 5 0.33 5.8

1

6 0.44 0.0011 0.00

72

0.88

66

Intracerebra

l hemorrhage

5.00 7 0.66 7.2

1

8 0.51 0.0281 0.01

89

0.18

05

Subarachnoid

hemorrhage

2.96 7 0.89 3.3

4

8 0.91 0.0124 0.02

02

0.55

78

Transient

ischemic

attack

5.80 7 0.56 5.8

7

8 0.66 -0.0029 0.01

12

0.80

58

Cerebral

infarction

6.49 7 0.48 6.7

1

8 0.57 0.0007 0.00

01

0.64

80

Cerebral

aneurysm

4.73 7 0.69 8.5

5

8 0.38 -0.0400 0.02

04

0.09

15

Cervical 7.37 7 0.39 7.7 8 0.46 -0.0007 0.00 0.58
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Spinal canal

stenosis

1.98 6 0.92 3.1

1

7 0.87 -0.0120 0.01

13

0.32

93

spinal

meningioma

6.50 7 0.48 9.3

7

8 0.31 0.1544 0.09

10

0.13

37

Spinal

osteochondro

sis

9.83 7 0.20 9.8

4

8 0.28 -0.0085 0.08

70

0.92

47

Intracranial

and

intraspinal

abscess

6.43 7 0.49 6.7

4

8 0.57 -0.0460 0.08

32

0.59

72

Cervical

spinal cord

and nerve

injuries

6.71 7 0.46 7.6

4

8 0.47 0.0597 0.06

21

0.36

90

Glioblastoma 4.76 7 0.69 5.1

1

8 0.75 -0.0610 0.10

37

0.57

49

Benign

meningioma

12.14 7 0.10 18.

21

8 0.02 0.0727 0.03

88

0.10

34

Malignant

meningioma

13.15 7 0.07 14.

56

8 0.07 0.0467 0.05

38

0.41

43

Pituitary

adenoma and

craniopharyn

gioma

10.26 7 0.17 10.

78

8 0.21 -0.0264 0.04

43

0.56

99

Benign

neoplasm of

brain and

other parts

of CNS

10.14 7 0.18 11.

53

8 0.17 0.0386 0.03

94

0.36

01

Malignant

neoplasm of

brain and

other parts

of CNS

9.87 7 0.20 11.

85

8 0.16 0.0990 0.08

35

0.27

44

Hydrocephalu

s

6.50 7 0.48 8.9

7

8 0.34 -0.0572 0.03

64

0.15

96

Craniosynost

osis

1.04 7 0.99 1.0

7

8 0.99 -0.0084 0.04

90

0.86

86

Concussion 6.29 7 0.51 6.6

2

8 0.58 0.0059 0.01

03

0.58

46

Diffuse brain

injury

3.91 7 0.79 3.9

3

8 0.86 -0.0059 0.03

88

0.88

41



Focal brain

injury

6.99 7 0.43 7.2

7

8 0.51 -0.0162 0.03

06

0.61

23

Congenital

malformation

s of the

nervous

system

4.75 7 0.69 4.7

7

8 0.78 0.0075 0.06

19

0.90

64

Table S48 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5

–10

Greate

r

Middle

Easter

n

Trigeminal

neuralgia

16.70 23 0.82 16.

70

24 0.86 -0.0023 0.02

91

0.93

89

Epilepsy 35.45 25 0.08 35.

91

26 0.09 -0.0071 0.01

24

0.57

10

Parkinson's

disease

30.30 25 0.21 30.

47

26 0.25 0.0066 0.01

73

0.70

86

Alzheimer's

disease

39.70 23 0.02 39.

70

24 0.02 -0.0005 0.00

68

0.99

48

Major

depressive

disorder

16.22 15 0.37 17.

25

16 0.37 -0.0402 0.04

12

0.34

53

Obsessive

Compulsive

Disorder

16.05 15 0.38 16.

61

16 0.41 0.0276 0.03

81

0.48

03

Stroke 16.73 21 0.73 20.

81

22 0.53 0.0129 0.00

64

0.05

62

Intracerebra

l hemorrhage

18.49 25 0.82 21.

53

26 0.71 0.0261 0.01

50

0.09

32

Subarachnoid

hemorrhage

20.84 25 0.70 21.

92

26 0.69 -0.0167 0.01

61

0.30

93

Transient

ischemic

attack

24.50 23 0.38 25.

15

24 0.40 -0.0076 0.00

96

0.44

09

Cerebral

infarction

31.20 23 0.12 35.

02

24 0.07 -0.0002 0.00

01

0.10

68

Cerebral

aneurysm

22.81 25 0.59 23.

51

26 0.60 -0.0119 0.01

42

0.41

27

Cervical 20.35 23 0.62 20. 24 0.65 0.0007 0.00 0.52
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Spinal canal

stenosis

24.00 25 0.52 24.

94

26 0.52 0.0085 0.00

88

0.34

07

spinal

meningioma

24.65 23 0.37 27.

27

24 0.29 0.1227 0.07

84

0.13

13

Spinal

osteochondro

sis

19.24 23 0.69 19.

28

24 0.74 -0.0120 0.06

10

0.84

59

Intracranial

and

intraspinal

abscess

16.97 23 0.81 16.

98

24 0.85 0.0028 0.06

91

0.96

75

Cervical

spinal cord

and nerve

injuries

26.12 23 0.30 27.

05

24 0.30 0.0498 0.05

50

0.37

46

Glioblastoma 29.96 23 0.15 29.

96

24 0.19 -0.0041 0.09

84

0.96

75

Benign

meningioma

22.34 23 0.50 24.

13

24 0.45 0.0327 0.02

45

0.19

43

Malignant

meningioma

23.02 23 0.46 23.

03

24 0.52 0.0031 0.03

26

0.92

44

Pituitary

adenoma and

craniopharyn

gioma

22.62 23 0.48 23.

23

24 0.51 0.0238 0.03

04

0.44

08

Benign

neoplasm of

brain and

other parts

of CNS

34.83 23 0.05 37.

87

24 0.04 -0.0474 0.03

34

0.16

97

Malignant

neoplasm of

brain and

other parts

of CNS

24.16 23 0.39 24.

34

24 0.44 -0.0249 0.05

99

0.68

09

Hydrocephalu

s

10.30 23 0.99 10.

33

24 0.99 0.0049 0.03

02

0.87

19

Craniosynost

osis

23.82 23 0.41 23.

85

24 0.47 0.0069 0.04

14

0.86

94

Concussion 41.60 23 0.01 41.

69

24 0.01 0.0026 0.01

15

0.82

18

Diffuse brain

injury

28.79 23 0.19 28.

85

24 0.23 -0.0075 0.03

61

0.83

76



Focal brain

injury

34.69 23 0.06 35.

40

24 0.06 0.0213 0.03

12

0.50

08

Congenital

malformation

s of the

nervous

system

16.89 23 0.81 17.

58

24 0.82 -0.0430 0.05

15

0.41

28

Table S49 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM10

Europe

an

Trigeminal

neuralgia

20.20 18 0.32 20.

25

19 0.38 0.0100 0.04

88

0.84

02

Epilepsy 27.98 18 0.06 28.

00

19 0.08 -0.0022 0.02

16

0.92

05

Parkinson's

disease

23.07 18 0.19 23.

69

19 0.21 0.0193 0.02

79

0.49

77

Alzheimer's

disease

39.21 18 0.00 45.

18

19 0.00 0.0183 0.01

10

0.11

51

Major

depressive

disorder

4.95 14 0.99 4.9

8

15 0.99 -0.0051 0.03

41

0.88

39

Obsessive

Compulsive

Disorder

8.38 15 0.91 8.4

0

16 0.94 0.0053 0.03

49

0.88

13

Stroke 25.75 16 0.06 26.

52

17 0.07 0.0075 0.01

08

0.49

79

Intracerebra

l hemorrhage

7.99 18 0.98 8.1

4

19 0.99 0.0097 0.02

53

0.70

53

Subarachnoid

hemorrhage

21.28 18 0.27 22.

35

19 0.27 0.0280 0.02

94

0.35

45

Transient

ischemic

attack

12.28 18 0.83 14.

47

19 0.76 -0.0219 0.01

48

0.15

62

Cerebral

infarction

26.08 18 0.10 26.

47

19 0.12 0.0001 0.00

02

0.60

96

Cerebral

aneurysm

16.20 18 0.58 16.

63

19 0.61 -0.0176 0.02

68

0.51

95

Cervical 28.49 18 0.05 28. 19 0.07 0.0009 0.00 0.66
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Spinal canal

stenosis

16.29 18 0.57 16.

63

19 0.61 0.0080 0.01

37

0.56

50

spinal

meningioma

17.10 18 0.52 17.

11

19 0.58 -0.0055 0.11

99

0.96

38

Spinal

osteochondro

sis

14.04 18 0.73 14.

30

19 0.77 -0.0494 0.09

67

0.61

59

Intracranial

and

intraspinal

abscess

20.60 18 0.30 21.

54

19 0.31 0.1065 0.11

72

0.37

57

Cervical

spinal cord

and nerve

injuries

17.16 18 0.51 17.

17

19 0.58 -0.0077 0.08

18

0.92

65

Glioblastoma 13.77 18 0.74 14.

43

19 0.76 0.1105 0.13

57

0.42

60

Benign

meningioma

24.78 18 0.13 26.

35

19 0.12 0.0486 0.04

54

0.29

87

Malignant

meningioma

19.76 18 0.35 21.

95

19 0.29 0.0764 0.05

41

0.17

47

Pituitary

adenoma and

craniopharyn

gioma

14.15 18 0.72 14.

17

19 0.77 0.0069 0.04

80

0.88

71

Benign

neoplasm of

brain and

other parts

of CNS

14.27 18 0.71 15.

33

19 0.70 -0.0444 0.04

31

0.31

64

Malignant

neoplasm of

brain and

other parts

of CNS

17.38 18 0.50 18.

10

19 0.52 -0.0785 0.09

26

0.40

78

Hydrocephalu

s

13.17 18 0.78 14.

80

19 0.74 0.0611 0.04

78

0.21

75

Craniosynost

osis

19.12 18 0.38 19.

33

19 0.44 -0.0297 0.06

67

0.66

17

Concussion 24.20 18 0.15 24.

66

19 0.17 -0.0092 0.01

57

0.56

71

Diffuse brain

injury

20.57 18 0.30 22.

02

19 0.28 0.0611 0.05

44

0.27

57



Focal brain

injury

25.69 18 0.11 25.

75

19 0.14 0.0104 0.04

80

0.83

11

Congenital

malformation

s of the

nervous

system

19.26 18 0.38 19.

26

19 0.44 -0.0011 0.08

43

0.98

97

Table S50 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM10

Africa

n

Americ

an or

Afro-C

aribbe

an

Trigeminal

neuralgia

13.51 11 0.26 13.

52

12 0.33 0.0059 0.07

01

0.93

45

Epilepsy 11.09 14 0.68 11.

19

15 0.74 0.0065 0.02

08

0.75

97

Parkinson's

disease

8.15 14 0.88 11.

02

15 0.75 -0.0531 0.03

13

0.11

22

Alzheimer's

disease

7.90 12 0.79 13.

83

13 0.39 -0.0238 0.00

98

0.03

15

Major

depressive

disorder

15.16 14 0.37 15.

99

15 0.38 -0.0297 0.03

40

0.39

62

Obsessive

Compulsive

Disorder

9.22 12 0.68 9.4

1

13 0.74 0.0188 0.04

36

0.67

35

Stroke 4.59 12 0.97 5.0

2

13 0.97 -0.0062 0.00

94

0.52

52

Intracerebra

l hemorrhage

21.67 14 0.09 22.

18

15 0.10 0.0209 0.03

63

0.57

36

Subarachnoid

hemorrhage

8.42 14 0.87 8.5

8

15 0.90 -0.0124 0.03

13

0.69

70

Transient

ischemic

attack

12.03 11 0.36 14.

22

12 0.29 -0.0298 0.02

11

0.18

46

Cerebral

infarction

11.19 14 0.67 11.

19

15 0.74 0.0000 0.00

02

0.99

65

Cerebral

aneurysm

21.81 14 0.08 21.

94

15 0.11 0.0096 0.03

33

0.77

69

Cervical 22.65 14 0.07 22. 15 0.09 0.0001 0.00 0.96
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Spinal canal

stenosis

13.83 14 0.46 13.

84

15 0.54 -0.0017 0.01

77

0.92

68

spinal

meningioma

6.57 11 0.83 6.5

8

12 0.88 -0.0099 0.16

37

0.95

28

Spinal

osteochondro

sis

26.66 11 0.01 26.

71

12 0.01 -0.0293 0.20

58

0.88

92

Intracranial

and

intraspinal

abscess

12.18 11 0.35 13.

43

12 0.34 0.1678 0.15

75

0.30

94

Cervical

spinal cord

and nerve

injuries

15.19 11 0.17 15.

79

12 0.20 0.0866 0.13

14

0.52

32

Glioblastoma 11.72 11 0.38 12.

11

12 0.44 0.1161 0.19

38

0.56

11

Benign

meningioma

7.13 11 0.79 9.4

9

12 0.66 -0.0813 0.05

30

0.15

34

Malignant

meningioma

12.01 11 0.36 12.

12

12 0.44 -0.0237 0.07

39

0.75

42

Pituitary

adenoma and

craniopharyn

gioma

12.33 11 0.34 13.

21

12 0.35 0.0622 0.07

02

0.39

47

Benign

neoplasm of

brain and

other parts

of CNS

4.78 11 0.94 5.0

8

12 0.96 -0.0320 0.05

89

0.59

76

Malignant

neoplasm of

brain and

other parts

of CNS

15.45 11 0.16 15.

68

12 0.21 0.0609 0.15

04

0.69

35

Hydrocephalu

s

4.90 11 0.94 5.4

9

12 0.94 -0.0501 0.06

52

0.45

83

Craniosynost

osis

20.16 11 0.04 21.

78

12 0.04 0.1123 0.11

92

0.36

63

Concussion 4.25 11 0.96 4.4

2

12 0.97 -0.0076 0.01

86

0.69

26

Diffuse brain

injury

14.58 11 0.20 14.

81

12 0.25 -0.0336 0.08

06

0.68

51



Focal brain

injury

10.38 11 0.50 10.

42

12 0.58 -0.0115 0.05

52

0.83

87

Congenital

malformation

s of the

nervous

system

10.11 11 0.52 12.

52

12 0.40 0.1727 0.11

12

0.14

88

Table S51 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM10

East

Asian

Trigeminal

neuralgia

2.59 7 0.92 2.6

0

8 0.96 0.0042 0.04

46

0.92

81

Epilepsy 7.49 8 0.48 8.0

3

9 0.53 0.0124 0.01

68

0.48

33

Parkinson's

disease

6.75 8 0.56 8.2

8

9 0.51 -0.0300 0.02

42

0.25

15

Alzheimer's

disease

15.75 7 0.03 15.

84

8 0.04 -0.0023 0.01

15

0.84

69

Major

depressive

disorder

12.76 7 0.08 12.

76

8 0.12 0.0009 0.04

45

0.98

37

Obsessive

Compulsive

Disorder

8.25 5 0.14 8.2

5

6 0.22 0.0005 0.05

22

0.99

27

Stroke 7.79 7 0.35 12.

29

8 0.14 -0.0177 0.00

88

0.08

42

Intracerebra

l hemorrhage

5.02 8 0.75 5.0

6

9 0.83 -0.0047 0.02

50

0.85

69

Subarachnoid

hemorrhage

5.67 7 0.58 5.7

1

8 0.68 -0.0062 0.02

87

0.83

41

Transient

ischemic

attack

3.61 7 0.82 6.3

2

8 0.61 0.0235 0.01

43

0.14

41

Cerebral

infarction

8.72 8 0.37 8.7

5

9 0.46 -0.0003 0.00

02

0.86

50

Cerebral

aneurysm

3.78 8 0.88 3.8

2

9 0.92 0.0060 0.02

93

0.84

19

Cervical 3.18 8 0.92 4.3 9 0.89 -0.0002 0.00 0.31
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Spinal canal

stenosis

1.09 8 0.99 1.2

1

9 0.99 -0.0047 0.01

34

0.73

30

spinal

meningioma

8.01 7 0.33 12.

21

8 0.14 0.2372 0.12

38

0.09

70

Spinal

osteochondro

sis

5.10 7 0.65 5.5

0

8 0.70 0.0588 0.09

21

0.54

78

Intracranial

and

intraspinal

abscess

8.61 7 0.28 9.5

7

8 0.30 0.1034 0.11

72

0.40

67

Cervical

spinal cord

and nerve

injuries

4.88 7 0.67 5.9

6

8 0.65 0.0819 0.07

90

0.33

446

Glioblastoma 11.47 7 0.12 13.

57

8 0.09 0.1906 0.16

84

0.29

50

Benign

meningioma

1.62 7 0.98 2.1

0

8 0.98 0.0260 0.03

75

0.51

10

Malignant

meningioma

3.45 7 0.84 4.6

1

8 0.80 0.0536 0.04

99

0.31

79

Pituitary

adenoma and

craniopharyn

gioma

5.49 7 0.60 5.8

0

8 0.67 -0.0263 0.04

65

0.58

96

Benign

neoplasm of

brain and

other parts

of CNS

7.96 7 0.34 8.7

5

8 0.36 0.0369 0.04

44

0.43

30

Malignant

neoplasm of

brain and

other parts

of CNS

9.11 7 0.24 9.1

4

8 0.33 -0.0135 0.10

19

0.89

82

Hydrocephalu

s

4.83 7 0.68 7.2

1

8 0.51 0.0713 0.04

62

0.16

69

Craniosynost

osis

3.47 7 0.84 3.5

6

8 0.89 0.0188 0.06

23

0.77

16

Concussion 1.02 7 0.99 3.5

0

8 0.90 -0.0206 0.01

31

0.15

95

Diffuse brain

injury

8.73 7 0.27 13.

32

8 0.10 0.1055 0.05

50

0.09

67



Focal brain

injury

4.74 7 0.69 6.6

7

8 0.57 0.0540 0.03

88

0.20

75

Congenital

malformation

s of the

nervous

system

17.61 7 0.01 17.

68

8 0.02 0.0205 0.12

50

0.87

44

Table S52 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM10

Greate

r

Middle

Easter

n

Trigeminal

neuralgia

6.17 14 0.96 6.1

8

15 0.98 -0.0012 0.03

43

0.97

34

Epilepsy 13.65 14 0.48 13.

85

15 0.54 0.0060 0.01

35

0.66

44

Parkinson's

disease

14.17 14 0.44 14.

22

15 0.51 0.0043 0.01

82

0.81

76

Alzheimer's

disease

17.73 14 0.22 19.

47

15 0.19 -0.0071 0.00

60

0.26

15

Major

depressive

disorder

14.60 10 0.15 15.

48

11 0.16 -0.0405 0.05

23

0.45

66

Obsessive

Compulsive

Disorder

11.53 11 0.40 11.

56

12 0.48 -0.0074 0.04

27

0.86

48

Stroke 16.49 13 0.22 17.

30

14 0.24 0.0061 0.00

76

0.43

88

Intracerebra

l hemorrhage

11.97 14 0.61 11.

97

15 0.68 -0.0003 0.01

93

0.98

78

Subarachnoid

hemorrhage

17.83 14 0.21 19.

90

15 0.18 -0.0295 0.02

32

0.22

33

Transient

ischemic

attack

13.61 14 0.48 14.

34

15 0.50 0.0095 0.01

11

0.40

64

Cerebral

infarction

21.41 15 0.12 21.

86

16 0.15 -0.0008 0.00

01

0.58

20

Cerebral

aneurysm

6.93 14 0.94 8.2

8

15 0.91 -0.0261 0.02

26

0.26

58

Cervical 20.17 15 0.17 20. 16 0.20 -0.0006 0.00 0.64
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Spinal canal

stenosis

11.55 14 0.64 14.

85

15 0.46 0.0182 0.01

00

0.09

09

spinal

meningioma

16.23 14 0.30 17.

35

15 0.30 0.0944 0.09

59

0.34

18

Spinal

osteochondro

sis

12.04 14 0.60 17.

48

15 0.29 -0.1668 0.07

15

0.03

51

Intracranial

and

intraspinal

abscess

17.11 14 0.25 17.

25

15 0.30 0.0299 0.09

00

0.74

48

Cervical

spinal cord

and nerve

injuries

10.76 14 0.70 10.

81

15 0.77 -0.0126 0.06

07

0.83

91

Glioblastoma 11.13 14 0.68 11.

15

15 0.74 0.0135 0.10

12

0.89

60

Benign

meningioma

9.05 14 0.83 11.

50

15 0.72 0.0453 0.02

89

0.13

96

Malignant

meningioma

10.37 14 0.74 10.

50

15 0.79 0.0139 0.03

85

0.72

38

Pituitary

adenoma and

craniopharyn

gioma

25.33 14 0.03 25.

37

15 0.05 0.0070 0.04

80

0.88

53

Benign

neoplasm of

brain and

other parts

of CNS

18.49 14 0.19 18.

49

15 0.24 0.0024 0.03

69

0.94

89

Malignant

neoplasm of

brain and

other parts

of CNS

8.27 14 0.88 9.3

2

15 0.86 0.0704 0.06

87

0.32

28

Hydrocephalu

s

14.06 14 0.45 14.

16

15 0.51 0.0110 0.03

58

0.76

44

Craniosynost

osis

11.61 14 0.64 11.

93

15 0.68 -0.0275 0.04

83

0.57

75

Concussion 13.49 14 0.49 13.

49

15 0.56 -0.0004 0.01

01

0.96

71

Diffuse brain

injury

9.43 14 0.80 9.6

6

15 0.84 0.0185 0.03

82

0.63

57



Focal brain

injury

15.26 14 0.36 16.

22

15 0.37 0.0293 0.03

14

0.36

62

Congenital

malformation

s of the

nervous

system

8.19 14 0.88 8.3

8

15 0.91 0.0265 0.06

14

0.67

24

Table S53 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5a

bsorba

nce

Europe

an

Trigeminal

neuralgia

0.64 1 0.42 1.4

8

2 0.48 0.0948 0.10

32

0.52

68

Epilepsy 5.97 2 0.05 9.4

3

3 0.02 -0.0618 0.05

74

0.39

41

Parkinson's

disease

0.95 2 0.62 1.5

5

3 0.67 -0.0376 0.04

84

0.51

86

Alzheimer's

disease

3.81 2 0.15 5.8

5

3 0.12 0.0210 0.02

03

0.41

00

Major

depressive

disorder

0.32 1 0.57 0.3

7

2 0.83 -0.0248 0.11

28

0.86

22

Obsessive

Compulsive

Disorder

4.19 2 0.12 5.2

9

3 0.15 0.0642 0.08

89

0.54

50

Stroke 1.22 1 0.27 1.7

6

2 0.41 -0.0111 0.01

67

0.62

55

Intracerebra

l hemorrhage

0.26 2 0.88 0.3

4

3 0.95 -0.0126 0.04

71

0.81

42

Subarachnoid

hemorrhage

2.69 2 0.26 3.4

0

3 0.33 0.0423 0.05

84

0.54

42

Transient

ischemic

attack

0.05 1 0.82 0.5

2

2 0.77 -0.0223 0.03

28

0.61

94

Cerebral

infarction

0.22 2 0.89 3.8

9

3 0.27 0.0007 0.00

04

0.19

54

Cerebral

aneurysm

3.24 2 0.20 4.4

3

3 0.22 0.0543 0.06

33

0.48

13

Cervical 0.18 2 0.91 0.1 3 0.98 -0.0004 0.00 0.91
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Spinal canal

stenosis

0.03 2 0.99 0.8

7

3 0.83 -0.0251 0.02

73

0.45

54

spinal

meningioma

0.59 1 0.44 0.7

9

2 0.67 0.1186 0.26

64

0.73

34

Spinal

osteochondro

sis

0.01 1 0.91 1.1

3

2 0.57 0.2293 0.21

70

0.48

24

Intracranial

and

intraspinal

abscess

0.00 1 0.98 2.3

8

2 0.30 0.3805 0.24

66

0.36

62

Cervical

spinal cord

and nerve

injuries

2.61 1 0.11 3.7

2

2 0.16 -0.1912 0.29

38

0.63

26

Glioblastoma 0.00 1 0.95 2.3

1

2 0.32 0.4536 0.29

90

0.37

10

Benign

meningioma

0.13 1 0.72 0.6

6

2 0.72 0.0629 0.08

64

0.59

95

Malignant

meningioma

0.25 1 0.62 2.6

8

2 0.26 0.1791 0.11

49

0.36

32

Pituitary

adenoma and

craniopharyn

gioma

2.59 1 0.11 2.7

1

2 0.26 -0.0363 0.17

25

0.86

79

Benign

neoplasm of

brain and

other parts

of CNS

1.12 1 0.29 1.1

3

2 0.57 0.0105 0.10

13

0.93

40

Malignant

neoplasm of

brain and

other parts

of CNS

2.86 1 0.09 4.3

3

2 0.11 0.2490 0.34

65

0.60

33

Hydrocephalu

s

0.19 1 0.67 0.2

0

2 0.91 0.0113 0.10

62

0.93

28

Craniosynost

osis

1.86 1 0.17 2.1

4

2 0.34 -0.0775 0.19

78

0.76

23

Concussion 0.80 1 0.37 2.2

7

2 0.32 -0.0365 0.03

01

0.43

95

Diffuse brain

injury

1.08 1 0.30 6.8

4

2 0.03 0.2707 0.11

73

0.26

04



Focal brain

injury

0.21 1 0.64 3.2

9

2 0.19 0.1559 0.08

89

0.32

97

Congenital

malformation

s of the

nervous

system

1.63 1 0.20 1.6

7

2 0.43 -0.0357 0.23

29

0.90

32

Table S54 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5a

bsorba

nce

Africa

n

Americ

an or

Afro-C

aribbe

an

Trigeminal

neuralgia

19.51 20 0.49 19.

71

21 0.54 -0.0169 0.03

82

0.66

29

Epilepsy 20.00 21 0.52 20.

28

22 0.57 -0.0071 0.01

36

0.60

78

Parkinson's

disease

23.86 21 0.30 24.

48

22 0.32 0.0150 0.02

02

0.46

54

Alzheimer's

disease

15.77 20 0.73 16.

64

21 0.73 0.0052 0.00

56

0.36

03

Major

depressive

disorder

24.31 20 0.23 24.

47

21 0.27 0.0072 0.01

97

0.71

67

Obsessive

Compulsive

Disorder

26.53 19 0.12 26.

89

20 0.14 -0.0142 0.02

78

0.61

48

Stroke 27.06 20 0.13 27.

17

21 0.17 0.0019 0.00

67

0.77

86

Intracerebra

l hemorrhage

15.58 21 0.79 15.

84

22 0.82 0.0097 0.01

92

0.61

72

Subarachnoid

hemorrhage

28.45 21 0.13 28.

51

22 0.16 -0.0051 0.02

38

0.83

10

Transient

ischemic

attack

15.14 20 0.77 15.

91

21 0.77 -0.0108 0.01

23

0.38

90

Cerebral

infarction

14.22 21 0.86 14.

33

22 0.89 -0.0004 0.00

01

0.74

31

Cerebral

aneurysm

18.95 21 0.59 19.

34

22 0.62 -0.0121 0.01

96

0.54

30

Cervical 27.15 21 0.17 27. 22 0.21 0.0000 0.00 0.94



spondylosis 16 01 31

Spinal canal

stenosis

18.75 21 0.60 18.

78

22 0.66 -0.0016 0.01

06

0.88

30

spinal

meningioma

17.36 20 0.63 18.

88

21 0.59 -0.1220 0.09

89

0.23

14

Spinal

osteochondro

sis

19.88 20 0.47 20.

14

21 0.51 0.0408 0.07

96

0.61

35

Intracranial

and

intraspinal

abscess

16.37 20 0.69 16.

46

21 0.74 0.0261 0.09

07

0.77

65

Cervical

spinal cord

and nerve

injuries

24.77 20 0.21 25.

36

21 0.23 0.0516 0.07

52

0.50

07

Glioblastoma 15.03 20 0.77 16.

35

21 0.75 0.1296 0.11

28

0.26

40

Benign

meningioma

25.76 20 0.17 25.

76

21 0.22 0.0015 0.03

65

0.96

77

Malignant

meningioma

18.37 20 0.56 18.

56

21 0.61 -0.0189 0.04

29

0.66

57

Pituitary

adenoma and

craniopharyn

gioma

11.61 20 0.93 12.

42

21 0.93 0.0358 0.03

99

0.37

93

Benign

neoplasm of

brain and

other parts

of CNS

23.66 20 0.26 24.

59

21 0.27 0.0343 0.03

88

0.38

63

Malignant

neoplasm of

brain and

other parts

of CNS

21.06 20 0.39 21.

76

21 0.41 0.0637 0.07

85

0.42

64

Hydrocephalu

s

19.55 20 0.49 20.

28

21 0.50 0.0340 0.03

97

0.40

25

Craniosynost

osis

10.98 20 0.95 10.

98

21 0.96 -0.0029 0.05

35

0.95

72

Concussion 10.69 20 0.95 14.

40

21 0.85 -0.0216 0.01

12

0.06

86

Diffuse brain

injury

18.85 20 0.53 22.

86

21 0.35 -0.0847 0.04

23

0.05

90



Focal brain

injury

16.59 20 0.68 17.

56

21 0.68 -0.0328 0.03

34

0.33

75

Congenital

malformation

s of the

nervous

system

37.37 20 0.01 41.

73

21 0.01 0.1413 0.09

24

0.14

21

Table S55 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5a

bsorba

nce

South

Asian

Trigeminal

neuralgia

10.41 13 0.66 10.

65

14 0.71 0.0225 0.04

60

0.63

37

Epilepsy 11.39 13 0.58 13.

10

14 0.52 0.0224 0.01

72

0.21

34

Parkinson's

disease

18.37 13 0.14 18.

46

14 0.19 -0.0071 0.02

84

0.80

66

Alzheimer's

disease

10.26 13 0.67 10.

41

14 0.73 -0.0027 0.00

71

0.70

52

Major

depressive

disorder

4.83 10 0.90 6.2

7

11 0.85 -0.0365 0.03

05

0.25

84

Obsessive

Compulsive

Disorder

8.83 13 0.79 10.

04

14 0.76 0.0270 0.02

46

0.29

24

Stroke 12.90 12 0.38 14.

11

13 0.37 -0.0084 0.00

79

0.30

84

Intracerebra

l hemorrhage

8.83 13 0.79 10.

04

14 0.76 0.0270 0.02

46

0.29

24

Subarachnoid

hemorrhage

11.77 13 0.55 12.

60

14 0.56 -0.0238 0.02

63

0.38

12

Transient

ischemic

attack

10.62 13 0.64 15.

75

14 0.33 0.0334 0.01

48

0.04

13

Cerebral

infarction

9.08 13 0.77 9.2

9

14 0.81 -0.0008 0.00

02

0.65

89

Cerebral

aneurysm

8.14 13 0.83 9.9

0

14 0.77 -0.0371 0.02

80

0.20

75

Cervical 8.49 13 0.81 9.4 14 0.80 0.0001 0.00 0.34



spondylosis 6 01 30

Spinal canal

stenosis

13.85 13 0.38 14.

21

14 0.43 -0.0080 0.01

37

0.57

02

spinal

meningioma

8.28 13 0.82 9.3

3

14 0.81 0.1221 0.11

92

0.32

44

Spinal

osteochondro

sis

18.63 13 0.14 19.

84

14 0.14 0.1056 0.11

49

0.37

52

Intracranial

and

intraspinal

abscess

10.06 13 0.69 10.

08

14 0.76 -0.0143 0.10

90

0.89

77

Cervical

spinal cord

and nerve

injuries

14.65 13 0.33 15.

35

14 0.35 0.0682 0.08

65

0.44

46

Glioblastoma 10.92 13 0.62 12.

26

14 0.59 0.1575 0.13

56

0.26

63

Benign

meningioma

13.87 13 0.38 14.

27

14 0.43 0.0244 0.03

99

0.55

24

Malignant

meningioma

13.98 13 0.38 18.

26

14 0.20 0.1066 0.05

34

0.06

73

Pituitary

adenoma and

craniopharyn

gioma

10.90 13 0.62 10.

90

14 0.69 -0.0013 0.04

78

0.97

91

Benign

neoplasm of

brain and

other parts

of CNS

10.07 13 0.69 12.

34

14 0.58 -0.0645 0.04

29

0.15

61

Malignant

neoplasm of

brain and

other parts

of CNS

11.39 13 0.58 11.

48

14 0.65 0.0272 0.09

21

0.77

20

Hydrocephalu

s

4.14 13 0.99 5.2

5

14 0.98 0.0501 0.04

78

0.31

30

Craniosynost

osis

12.08 13 0.52 12.

08

14 0.60 0.0006 0.06

43

0.99

22

Concussion 9.05 13 0.77 11.

27

14 0.66 -0.0201 0.01

35

0.16

05

Diffuse brain

injury

8.61 13 0.80 9.3

8

14 0.81 0.0448 0.05

10

0.39

57



Focal brain

injury

13.35 13 0.42 14.

36

14 0.42 0.0405 0.04

08

0.33

88

Congenital

malformation

s of the

nervous

system

11.76 13 0.55 13.

14

14 0.52 0.0957 0.08

14

0.26

09

Table S56 Sensitivity analyses of MR-Egger intercept regression and

Cochrane Q tests.

Exposu

res

Outcomes Q_MR.Eg

ger

Q_df_MR.E

gger

Q_pv

al

Q_I

VW

Q_df_I

VW

Q_pv

al

Egger_inter

cept

se pval

PM2.5a

bsorba

nce

East

Asian

Trigeminal

neuralgia

5.44 9 0.79 5.6

4

10 0.84 0.0277 0.06

12

0.66

10

Epilepsy 16.04 9 0.07 16.

13

10 0.10 0.0067 0.02

88

0.82

13

Parkinson's

disease

4.01 9 0.91 4.0

3

10 0.95 -0.0046 0.02

90

0.87

69

Alzheimer's

disease

7.06 9 0.63 7.5

2

10 0.68 -0.0056 0.00

82

0.51

61

Major

depressive

disorder

9.52 9 0.39 10.

13

10 0.43 0.0247 0.03

25

0.46

74

Obsessive

Compulsive

Disorder

12.48 9 0.19 13.

59

10 0.19 -0.0372 0.04

16

0.39

44

Stroke 13.85 9 0.13 14.

60

10 0.15 -0.0077 0.01

10

0.50

25

Intracerebra

l hemorrhage

3.83 9 0.92 3.9

2

10 0.95 0.0090 0.29

90

0.77

03

Subarachnoid

hemorrhage

7.93 9 0.54 8.0

0

10 0.63 -0.0081 0.03

17

0.80

44

Transient

ischemic

attack

6.65 9 0.67 6.7

3

10 0.75 -0.0056 0.01

97

0.78

24

Cerebral

infarction

7.22 9 0.61 7.4

7

10 0.68 -0.0001 0.00

02

0.62

44

Cerebral

aneurysm

10.53 9 0.31 10.

71

10 0.38 -0.0140 0.03

58

0.70

60

Cervical 3.51 9 0.94 3.9 10 0.95 -0.0001 0.00 0.53
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Spinal canal

stenosis

11.14 9 0.27 11.

96

10 0.29 -0.0146 0.01

80

0.43

83

spinal

meningioma

12.01 9 0.21 12.

92

10 0.23 0.1502 0.18

22

0.43

10

Spinal

osteochondro

sis

5.73 9 0.77 7.7

8

10 0.65 -0.1826 0.12

74

0.18

55

Intracranial

and

intraspinal

abscess

8.42 9 0.49 9.9

0

10 0.45 0.1760 0.14

48

0.25

50

Cervical

spinal cord

and nerve

injuries

5.72 9 0.77 7.9

0

10 0.64 0.1595 0.10

80

0.17

39

Glioblastoma 9.84 9 0.36 10.

03

10 0.44 0.0783 0.18

80

0.68

70

Benign

meningioma

11.26 9 0.26 11.

57

10 0.31 -0.0286 0.05

74

0.63

07

Malignant

meningioma

4.62 9 0.87 5.9

8

10 0.82 -0.0796 0.06

85

0.27

50

Pituitary

adenoma and

craniopharyn

gioma

2.35 9 0.98 2.3

7

10 0.99 -0.0106 0.06

37

0.87

20

Benign

neoplasm of

brain and

other parts

of CNS

15.00 9 0.09 15.

01

10 0.13 -0.0056 0.07

35

0.94

12

Malignant

neoplasm of

brain and

other parts

of CNS

5.55 9 0.78 6.9

5

10 0.73 0.1446 0.12

22

0.26

71

Hydrocephalu

s

6.23 9 0.72 6.4

9

10 0.77 0.0325 0.06

37

0.62

19

Craniosynost

osis

4.13 9 0.90 4.2

1

10 0.94 -0.0246 0.08

57

0.78

05

Concussion 10.97 9 0.28 11.

85

10 0.30 0.0170 0.02

00

0.41

73

Diffuse brain

injury

4.64 9 0.86 8.0

7

10 0.62 -0.1258 0.06

79

0.09

71



Focal brain

injury

11.74 9 0.23 14.

13

10 0.17 0.0830 0.06

13

0.20

87

Congenital

malformation

s of the

nervous

system

15.92 9 0.07 17.

10

10 0.07 -0.1177 0.14

44

0.43

60


