Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
6.1.1 Migraine with Aura

Gollion {HF, MCA) 2018 081 015 22 085 018 22 135% -0.24 [-0.83, 0.36] -1
Gollion {LF, MCA) 2018 081 0.23 22 088 032 22 135% -0.25[-0.84,0.39] -1
Gollion {WLF, MCA) 2018 0.892 0.6% 22 045 045 22 13.6% -0.05 [-0.64, 0.54] —

Reinhard (MCA) 2012 329 203 17 326 11.3 35 141% 0.02 [-0.56, 0.60] -
Subtotal (95% CI) 83 101 54.6% -0.13[-0.42,0.17] el

Heterogeneity: Tau®= 0.00; Chi*= 0.60, df= 3 (P = 0.90); F= 0%
Testfor overall effect: 2= 0.84 (P = 0.40)

6.1.2 Migraine without Aura

Reinhard (MCAY 2012 404 1495 17 326 11.3 35 137% 0.53[-0.06,1.12] T
Subtotal (95% CI) 17 35 13.7% 0.53 [-0.06,1.12] e —
Heterogeneity: Mot applicable

Testfor averall effect: Z=1.77 {F = 0.08)

6.1.3 Mixed

Reinhard (LS, MCA) 2007 467 126 17 405 1649 B3 16.1% 0.38[-0.15, 0.491] -1
Reinhard (RS, MCA) 2007 451 128 16 391 154 71 156% 0.40[-0.15, 0.94] N
Subtotal (95% CI) 33 140 31.7% 0.39 [0.01, 0.77] i
Heterogeneity: Tau®= 0.00; Ghi®= 0.00, df=1 (P = 0.96), F= 0%

Test for overall effect: Z=1.99 {F = 0.08)

Total {95% Cl) 133 276 100.0% 0.13[-0.11, 0.36] "P-

Heterogeneity: Tau®=0.02, Chi*=7.07, df=6 (F=0.31); F=15%
Testfor averall effect: Z=1.05 (P = 0.24)
Testfor subgroup differences: Chif= 647, df= 2 (P = 0.04), F= 69.1%

Supplemental Figure 1: Forest plot of six quantitative comparisons of phase in the anterior

circulation in migraineurs versus controls taken from three studies
Abbreviations: HF, high frequency; LF, low frequency; LS, left side of cerebral artery; MCA, middle cerebral artery; RS,
right side of cerebral artery; VLF, very low frequency

Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.2.1 Migraine with Aura
Gollion {HF, MCA) 2018 072 0. 22072 0325 22 135% 0.00[-0.59, 0.59] [ E—
Gollion {LF, MCA) 2018 084 0.1 22 1 03 22 134% -0.23[-0.82,0.37] I E—
Gollion {WLF, MCAy 2018 07 0.33 22 077 036 22 134% -0.20[-0.79, 0.39] e —
Reinhard (MCA) 2012 089 018 17 086 0.21 35 14.0% 015043 073] [ e —
Subtotal {95% CI) 83 101 54.1% -0.07 [-0.36, 0.23] -
Heterogeneity: Tau®= 0.00; Chi®=1.04, df= 3 (P =0.79), F= 0%
Test for overall effect: Z=0.45 (F = 0.65)
6.2.2 Migraine without Aura
Reinhard (MCA) 2012 083 0. 17 086 0.21 35 13.4% -0.61 [-1.20,-0.02] e —
Subtotal (95% CI) 17 35 13.4% -0.61 [-1.20, -0.02] ~—e
Heterogeneity: Mot applicable
Testfor overall effect Z=2.02 (F=0.04)
6.2.3 Mixed
Reinhard (LS, MCA) 2007 072 018 17 08 028 71 16.7% -0.30[-0.83,023] —_—T
Reinhard (RS, MCA) 2007 074 0.25 16 081 027 69 15.8% -0.26 [-0.81, 0.249] e
Subtotal {95% CI) 33 140 32.5% -0.28 [-0.66, 0.10] -
Heterogeneity: Tau®= 0.00, Chi*= 0.01, df=1 (P = 0.92); F= 0%
Testfor overall effect Z=1.44 (P =01%)
Total (95% Cl) 133 276 100.0% -0.21 [-0.43, 0.01] <
Heterogeneity: Tau®= 0.00; Chi*=3.84, df= 6 (P=0.70); F=0% } t

-t

Testfor overall effect Z=1.89 (P = 0.06) -1 08 0 05

Testfor subgroup differences: Chif= 278, df= 2 (P=0.25), F= 28.1%

Supplemental Figure 2: Forest plot of six quantitative comparisons of gain in the anterior

circulation in migraineurs versus controls taken from three studies
Abbreviations: HF, high frequency; LF, low frequency; LS, left side of cerebral artery; MCA, middle cerebral artery; RS,
right side of cerebral artery; VLF, very low frequency



Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.3.1 Migraine with Aura

Gollion (MCA) 2018 024 018 22027 013 22 2949% -0.20 [-0.79, 0.39]

Subtotal (95% CI) 22 22 29.9% -0.20 [-0.79, 0.39]

Heterogeneity: Mot applicable
Test for overall effect Z= 067 (F=0.50)

6.3.2 Mixed

Reinhard (LS, MCA) 2007 032 015 17 025 016 69 34.3% 0.44[-0.10, 0.97] N e —
Reinhard (RS, MCA) 2007 026 019 18 028 018 73 358% -0.11 F0.63, 0.41] s —

Subtotal (35% CI) 35 142 70.1% 0.16 [-0.38, 0.70] ———

Heterogeneity: Tau®= 0.08; Chi*= 209, df=1{F=018); F=52%
Test for overall effect: £=0.58 (P = 0.56)

Total (95% CI) 57 164 100.0% 0.05 [-0.34, 0.44] ‘?‘
,
1
0

Heterogeneity: Tau®= 0.04; Chi®= 3.09, df= 2 (P =0.21), F= 35% 4 _DI5 DIS 1!
Testfor overall eﬁec_t £=035 (Pz. 080 Favours [experimental] Favours [control]
Testfor subgroup diferences: Chi*= 079, df=1 (P =037, F= 0%

Supplemental Figure 3: Forest plot of three quantitative comparisons of Mx in the anterior

circulation in migraineurs versus controls taken from two studies
Abbreviations: LS, left side of cerebral artery; MCA, middle cerebral artery; RS, right side of cerebral artery

Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.4.1 Migraine with Aura
Gollion (MCA) 2018 0.27 015 22027 043 22 19.2% 0.00 [-0.58, 0.59] —
Reinhard (MCA) 2012 018 022 17 -0.02 018 35 18.8% 0.86 [0.26,1.47] e —
Subtotal (95% CI) 39 57 37.9% 0.43 [-0.42,1.28] ——eni———
Heterogeneity: Tau®= 028, Chi*=4.02 df=1 (F=0.08);, F=T5%
Testfor averall effect: Z= 099 (P =0.32)
6.4.2 Migraine without Aura
Reinhard (MCA) 2012 01 047 17 -0.02 018 35 191% 067 [0.07,1.26] -
Subtotal (95% CI) 17 35 19.1% 0.67 [0.07, 1.26] -~
Heterageneity: kot applicahle
Testfor overall effect: £=2.20 (P = 0.03)
6.4.3 Mixed
Reinhard (LS, MCA) 2007 0.or 012 17 006 015 69 21.2% 0.07 [-0.46, 0.60] T
Reinhard (RS, MCA) 2007 0os 013 18 006 015 73 21.8% -0.07 [-0.58, 0.45] I —
Subtotal (95% CI) 35 142 43.0% -0.00 [-0.37,0.37] e
Heterogeneity: Tau®= 000, Chi#= 013, df=1{P=072), F=0%
Test for averall effect: Z=0.01 {P = 0.99)
Total (95% Cl) 91 234 100.0% 0.29 [-0.08, 0.66] -
Heterogeneity Tau®= 0.09 Chif= 5.44, df= 4 (P = 0.08); F= 93% } + t

Testfor averall effect: Z=1.54 (F=012)
Testfor subgroup differences: Chi®=3.80, df= 2 (F=019), F= 47 3%

Supplemental Figure 4: Forest plot of five quantitative comparisons of Dx in the anterior

circulation in migraineurs versus controls taken from three studies
Abbreviations: LS, left side of cerebral artery; MCA, middle cerebral artery; RS, right side of cerebral artery



Migraineurs Controls Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.3.1 Chronic Migraineurs

Akgun (MCA) 20145 8817 1414 38 61.08 11.74 29 36.9% -0.22 [[0.70,0.27] e
Subtotal (95% CI) 38 29 36.9% -0.22 [-0.70, 0.27] ——eni——

Heterogeneity: Mot applicable
Testfor overall effect Z= 087 (P =0.38)

4.3.2 Episodic Migraineurs

Choi (LS, MC&) 2017 642 112 28 625 1047 28 3.5% 0.15 F0.37, 0.68] —_—
Choi (RS, MCAI 2017 659 14.04 28 BB1 1032 28 316% -0.02 F0.54, 0.51] T
Subtotal {95% CI) 56 56 63.1% 0.07 [-0.30, 0.44]

Heterogeneity: Tau®= 0.00; Chi*=0.20, df=1 {F = 0.69), F= 0%
Testfaor averall effect Z=037 (F=0.71)

Total {95% CI) 94 85 100.0% -0.04 [0.33, 0.26] -*-—

Heterogeneity: Tau®= 0.00; Chi®=1.04, df= 2 (P = 0.59), F= 0%
Testfor averall effect Z=0.24 (P = 0.81)
Testfor subgroup differences: Chif=0.84, df=1 (P = 0.36), F= 0%

Supplemental Figure 5: Forest plot of three quantitative comparisons of mean blood flow

velocity in the anterior circulation in migraineurs versus controls taken from two studies
Abbreviations: LS, left side of cerebral artery; MCA, middle cerebral artery; RS, right side of cerebral artery

Migraineurs Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup ~ Mean SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
4.4.1 Chronic Migraineurs
Akgun (PCAY 20148 354 6498 38 3652 1264 28 281% -0.11 [-0.60, 0.37] o B
Subtotal (95% Cl) 38 20 28.2% -0.11 [-0.60, 0.37] —-*-—

Heterogeneity: Mot applicable
Testfor overall effect: Z= 046 (P = 0.65)

4.4.2 Episodic Migraineurs

Choi (BA) 2017 46.7 598 28 465 10.65 28 24.0% 0.02 [-0.50, 0.55] -
Choi (LS, PCA) 2017 3645 665 28 374 658 28 24.0% -0.13 [-0.66, 0.39] - T
Choi (RS, PCAY 2017 368 636 23 388 T4 28 23.8% -0.29[-0.82,0.24] — 1

Subtotal (95% Cl) 84 84 71.8% 2013 [-0.44, 0.17]
Heterogeneity; Tau®= 0.00; Chi= 0,69, df= 2 (P= 0.71); F= 0%
Testfor overall effect Z= 0.86 (P = 0.39)

-
Total (95% CI) 122 113 100.0% 0.13[-0.38,0.13] 'q-
Heterogeneity: Tau*=0.00; Chi*= 0649, df=3{P=087) F=0% 1
Testfor overall effect Z=088 (P =033
Testfor subgroup differences: Chif= 0.01, df=1 (P =094, F= 0%

_‘__
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Supplemental Figure 6: Forest plot of four quantitative comparisons of mean blood flow

velocity in the posterior circulation in migraineurs versus controls taken from two studies
Abbreviations: BA, basilar artery; LS, left side of cerebral artery; PCA, posterior cerebral artery; RS, right side of cerebral
artery;



Migraineurs Controls Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.3.1 Chronic Migraineurs

Akgun (MCA) 2015 1.22 047 31 145 0587 29 19.8% -0.44 [-0.95, 0.08] — =
Gonzalez-Quintanilla (MCA) 2016 063 048 35 1.43 067 41 201% -1.34 [1.84,-0.84] e

Subtotal {95% CI) 66 70 39.9% -0.89 [-1.78, -0.00] ——eagi———

Heterogeneity: Tau®= 034, Chi*=6.12, df=1 (P =0.01), F=84%
Test for overall effect Z2=1.97 (P=0.05)

1.3.2 Episodic Migraineurs

Choi (LS, MCAY 2017 11 034 28 1.2 024 28 19.5% -0.34 [-0.86, 0.149] -
Choi (RS, MCAY 2017 1.3 052 28 1.3 039 28 19.6% 000052, 0.582] T
Gonzalez-Quintanilla (MCA) 2016 1.04 048 a7 1.43 067 41 M.0% -0.66 F1.11,-0.20] I
Subtotal (95% CI) 93 97 60.1% -0.35[-0.73, 0.03] -

Heterogeneity: Tau®= 0.05; Chi®= 345, df=2(P=018), F=42%
Test for overall effect, Z=1.79 (P =0.07)

Total (95% Cl) 159 167 100.0% -0.56 [-0.99, -0.13] e
Heterogeneity: Tau*=0.18; Chi*=14.80, df= 4 (P = 0.009); F=73%
Test for overall effect £=2.53 (P =0.01)

Testfor subgroup differences: Chi*=1.21, df=1 {P=027), F=17.5%

M-.
=
o

Supplemental Figure 7: Forest plot of five quantitative comparisons of cerebrovascular
responsiveness to hypercapnia in the anterior circulation in migraineurs versus controls taken

from three studies
Abbreviations: LS, left side of cerebral artery; MCA, middle cerebral artery; RS, right side of cerebral artery; VA, vertebral
artery

Migraineurs Controls $td. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.4.1 Chronic Migraineurs
Akgun (PCAY 2015 1.24 0.53 31 1.37 051 29 26.8% -0.25 [0.75, 0.26] e
Subtotal (95% CI) 31 29  26.8% -0.25 [-0.75, 0.26] —nli——

Heterogenaity: Mot applicable
Test for averall effect £2=0.95 (F = 0.34

1.4.2 Episodic Migraineurs

Chai (BA) 2017 1 042 28 11 031 28 280% -0.27 [-0.749, 0.26] I E—
Choi (LS, PCAY 2017 1 0.38 28 1.3 043 28 236% -0F3F1.27,-019] L —

Choi (RS, PCay 2017 11 0.34 28 1.3 0449 28 246% -0.47 [-1.00, 0.08] . —
Subtotal (95% CI) 84 84  73.2% -0.48 [-0.79, -0.18] B,
Heterageneity: Tauw*= 0.00; Chi*=1.44, df=2 (P =049}, F=0%

Testfar averall effect Z=3.08 (P = 0.002

Total {95% Cl) 115 113 100.0% -0.42 [-0.68, -0.16] B

Heterogeneity Tau®= 0.00; Chi*= 2048, df=3 (P=0.56); F= 0%
Test for averall effect 2= 312 (P =0.002)
Test for subgroup differences: Chif= 0.61, df=1 (P = 0.43), F=0%

Supplemental Figure 8: Forest plot of four quantitative comparisons of cerebrovascular

responsiveness to hypercapnia in the posterior circulation in migraineurs versus controls taken

from two studies
Abbreviations: LS, left side of cerebral artery; PCA, posterior cerebral artery; RS, right side of cerebral artery
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Supplemental Figure 9: Funnel plot with pseudo 95% confidence intervals for A) MBFV in the
anterior circulation, B) MBFV in the posterior circulation, C) CVR to hypercapnia in the anterior
circulation, D) CVR to hypercapnia in the posterior circulation E) P in the anterior circulation and
F) Pl in the posterior circulation to evaluate publication bias



Supplemental Table 1: Subgroup Analysis Summary

Supplemental Table 1A: Subgroup Analysis Summary

Overall Effect Heterogeneity
Subgroup SMD (95%Cl) P-Value Chi 2P-Value 12 (%)
Anterior MBFV | MA 0.19 (0.06, 0.32) <0.01* 0.15 23
MO 0.04 (-0.08, 0.15) 0.55 0.38 5
Mixed 0.17 (-0.05, 0.39) 0.12 <0.01* 74
Test for subgroup differences 0.20 38
Posterior MBFV | MA 0.16 (-0.06, 0.38) 0.15 <0.01* 58
MO 0.20 (-0.07, 0.46) 0.16 <0.01* 67
Mixed 0.23 (-0.02, 0.49) 0.07 <0.01* 76
Test for subgroup differences 0.92 0
Anterior Pl MA 0.10 (-0.11, 0.31) 0.35 0.06 46
MO -0.14 (-0.31, 0.03) 0.10 0.55 0
Test for subgroup differences 0.08 67
Posterior Pl MA 0.20 (-0.08, 0.48) 0.16 0.05 51
MO 0.29 (0.03, 0.55) 0.03* 0.28 21
Test for subgroup differences 0.66 0
Anterior CVRH | MA 0.33(-0.15, 0.81) 0.17 <0.01* 87
MO -0.06 (-0.39, 0.26) 0.70 <0.01* 71
Mixed 0.02 (-0.39, 0.44) 0.92 <0.01* 87
Test for subgroup differences 0.40 0
Posterior CVRH | MA 0.00 (-0.80, 0.81) 1.00 <0.01* 90
MO -0.40 (-0.68, -0.11) | <0.01* 0.19 33
Mixed -0.60 (-1.07, -0.14) | 0.01* <0.01* 91
Test for subgroup differences 0.44 0
Hypocapnia MA -0.21 (-1.15, 0.73) 0.66 <0.01* 85
MO 0.17 (-0.25, 0.59) 0.43 0.08 52
Test for subgroup differences 0.47 0
NVC MA 0.23 (-0.37, 0.83) 0.45 <0.01* 80
MO 0.10 (-0.61, 0.80) 0.78 0.18 45
Mixed 0.33 (-0.22, 0.88) 0.24 Not estimable | Not estimable
Test for subgroup differences 0.88 0
Phase MA -0.13 (0.42, 0.17) 0.40 0.90 0
MO 0.53 (-0.06, 1.12) 0.08 Not estimable | Not estimable
Mixed 0.39(0.01,0.77) 0.05 0.96 0
Test for subgroup differences 0.04 69
Gain MA -0.07 (-0.36, 0.23) 0.65 0.79 0
MO -0.61 (-1.20, -0.02) | 0.04 Not estimable | Not estimable
Mixed -0.28 (-0.66, 0.10) 0.15 0.92 0
Test for subgroup differences 0.25 28
Mx MA -0.20 (-0.79, 0.39) 0.67 Not estimable | Not estimable
Mixed 0.16 (-0.38, 0.70) 0.56 0.15 52
Test for subgroup differences 0.37 0
Dx MA 0.43(-0.42, 1.28) 0.32 0.05 75
MO 0.67 (0.07, 1.26) 0.03 Not estimable | Not estimable
Mixed -0.00 (-0.37, 0.37) 0.99 0.72 0
Test for subgroup differences 0.15 47

Abbreviations: CVRH, cerebrovascular responsiveness to hypercapnia; MA, migraine with aura; MBFV, mean blood flow

velocity; MO, migraine without aura; NVC, neurovascular coupling *P-Value <0.05




Supplemental Table 1B: Subgroup Analysis Summary

Overall Effect Heterogeneity
Subgroup | SMD (95%ClI) P-Value Chi 2P-Value 12 (%)
Anterior MBFV | CM -0.22 (-0.70, 0.27) | 0.38 Not estimable Not estimable
EM -0.07 (-0.30,0.44) | 0.71 0.65 0
Test for subgroup differences 0.36 0
Posterior MBFV | CM -0.11 (-0.60, -0.37) | 0.65 Not estimable Not estimable
EM -0.13(-0.44,0.17) | 0.39 0.71 0
Test for subgroup differences 0.94 0
Anterior CVRH | CM -0.89 (-1.78, -0.00) | 0.05 0.01* 84
EM -0.35 (-0.73,0.03) | 0.07 0.18 42
Test for subgroup differences 0.27 18
Posterior CVRH | CM -0.25 (-0.75,0.26) | 0.34 Not estimable Not estimable
EM -0.48 (-0.79, -0.18) | <0.01* 0.49 0
Test for subgroup differences 0.43 0

Abbreviations: CM, chronic migraine; CVRH, cerebrovascular responsiveness to hypercapnia; EM, episodic migraine; MA,
migraine with aura; MBFV, mean blood flow velocity; *P-Value <0.05



Supplemental Table 2: Egger’s Test

Supplemental Table 2: Egger’s Test

Comparison | Intercept | 95% ClI | P-value
MBFV

Anterior Circulation -1.201 -2.480to0 0.077 0.065
Posterior Circulation -0.826 -2.870t0 1.218 0.418
CVR to Hypercapnia

Anterior Circulation 1.407 -1.857 t0 4.672 0.386
Posterior Circulation 0.228 -3.764 t0 4.221 0.905
Pl

Anterior Circulation -2.652 -4.427 to -0.878 0.006
Posterior Circulation 1.472 -1.526 t0 4.471 0.303

Abbreviations: CVR, cerebrovascular reactivity; MBFV, mean blood flow velocity; PI, pulsatility index




