The optimal number of HMM states
[bookmark: OLE_LINK12][bookmark: _Hlk218864279]The number of states K is an important parameter of the HMM. We examined K from 2-12 to pick the optimal number of states among different mean activation. To ensure robust estimation, we performed 5 iterations of the model and assessed the minimum free energy, the occupancy rate of the middle segment and state interpretability to determine the optimal number of HMM states. It was observed that HMM state 6 exhibited the maximum composite score in Figure S1. Consequently, based on these findings, this study ultimately estimated 6 HMM states.
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sFigure 1. The choice of the number of HMM states.
[image: ]
[bookmark: OLE_LINK29][bookmark: OLE_LINK28]sFigure 2. Brain mean activation of each state. A. mean activation distribution of state 1; B. mean activation distribution of state 2; and C. mean activation distribution of state 6.
[bookmark: _Hlk213497079][bookmark: OLE_LINK5][bookmark: OLE_LINK54][bookmark: OLE_LINK91]sTable 1 Group differences in FO, MDT and SR of dynamic brain states, with HAMA scores regressed out. 
	State
	Kruskal-Wallis Test
	Post-hoc Pairwise Comparisons 
(Bonferroni-corrected P value)

	
	H (df)
	P value
	dMIG vs ndMIG
	dMIG vs HCs
	ndMIG vs HCs

	FO
	
	
	
	
	

	1
	13.503 (2)
	0.001
	0.001
	0.293
	0.230

	[bookmark: _Hlk218945577]2
	2.740 (2)
	0.254
	-
	-
	-

	3
	72.151 (2)
	< 0.001
	0.013
	< 0.001
	< 0.001

	4
	7.387 (2)
	0.025
	0.457
	0.561
	0.020

	5
	56.664 (2)
	< 0.001
	< 0.001
	[bookmark: OLE_LINK17]1.000
	< 0.001

	6
	1.278 (2)
	0.528
	-
	-
	-

	MDT
	
	
	
	
	

	1
	4.869 (2)
	0.088
	-
	-
	-

	2
	3.198 (2)
	0.202
	-
	-
	-

	3
	69.816 (2)
	< 0.001
	0.010
	< 0.001
	[bookmark: OLE_LINK16]< 0.001

	4
	10.828 (2)
	0.004
	0.026
	[bookmark: OLE_LINK18]1.000
	0.008

	5
	24.067 (2)
	< 0.001
	0.009
	0.143
	< 0.001

	6
	2.592 (2)
	0.274
	-
	-
	-

	SR
	17.580 (2)
	0.001
	0.001
	1.000
	0.001


FO: fractional occupancy; MDT: mean dwell time; SR: switching rate; dMIG: migraine with depressive symptom; ndMIG: migraine without depressive symptom; HCs: healthy controls.


sTable 2 Classification performance of the different models, without migraine severity and anxiety symptom regressed out.
	Models
	[bookmark: OLE_LINK3]Training dataset (n = 142)
	Test dataset (n = 62)

	
	Accuracy（%）
	Precision（%）
	Recall（%）
	F1
	AUC
	Accuracy（%）
	Precision（%）
	Recall（%）
	F1
	AUC

	XGBoost
	92.25
	93.10
	91.89
	0.9250
	0.9750
	74.19
	80.77
	65.62
	0.7241
	0.7844

	LightGBM
	93.66
	94.12
	93.24
	0.9368
	0.9622
	67.74
	73.08
	59.38
	0.6552
	0.7448

	RF
	90.85
	91.89
	90.54
	0.9120
	0.9513
	70.97
	76.92
	62.50
	0.6897
	0.7594


XGBoost: extreme gradient boosting model; LightGBM: light gradient boosting machine; RF: random forest
[image: ]
[bookmark: _Hlk219227702]sFigure 3. Comparison between the XGBoost, LightGBM and RandomForest models, without regressed out migraine severity and anxiety symptom. A. Receiver operating characteristic (ROC) curve and area under curve (AUC) of three models; B, C and D: Confusion matrix of each model.

[image: ]
[bookmark: _Hlk219227743]sFigure 4. Feature importance measured by SHAP vales. A. Summary Plot Displayed the global importance (average absolute SHAP value) of each feature and the specific impact direction of feature values on SHAP values in each sample. The X-axis represents the SHAP value of the feature. The point on the right represents the positive impact (predicted as ndMIG), while the point on the left represents the negative impact (predicted as dMIG). The color of the dots displays the relationship between the eigenvalues and their influence; B, C and D: the correlation between a single eigenvalue and its corresponding SHAP value. The pink represents that as the eigenvalues change, its classification tends to be more towards ndMIG, while blue represents that as the eigenvalues change, its classification tends to be more towards dMIG.

[bookmark: _Hlk213497052]sTable 3 Group differences in FO, MDT and SR of dynamic brain states (K=5). 
	[bookmark: OLE_LINK11]State
	Kruskal-Wallis Test
	Post-hoc Pairwise Comparisons 
(Bonferroni-corrected P value)

	
	H (df)
	P value
	dMIG vs ndMIG
	dMIG vs HCs
	ndMIG vs HCs

	FO
	
	
	
	
	

	[bookmark: _Hlk212211258]1
	52.250 (2)
	[bookmark: OLE_LINK9]< 0.001
	< 0.001
	1.000
	[bookmark: OLE_LINK8]< 0.001

	2
	75.883 (2)
	< 0.001
	< 0.001
	0.931
	< 0.001

	3
	63.217 (2)
	[bookmark: OLE_LINK6]< 0.001
	[bookmark: OLE_LINK14]< 0.001
	0.075
	[bookmark: OLE_LINK7]< 0.001

	4
	3.060 (2)
	0.217
	-
	-
	-

	5
	8.252 (2)
	0.016
	0.013
	0.285
	0.840

	MDT
	
	
	
	
	

	1
	44.279 (2)
	< 0.001
	[bookmark: OLE_LINK15]< 0.001
	1.000
	[bookmark: OLE_LINK13]< 0.001

	2
	79.285 (2)
	< 0.001
	< 0.001
	0.715
	< 0.001

	3
	50.109 (2)
	< 0.001
	< 0.001
	0.047
	[bookmark: OLE_LINK10]< 0.001

	4
	3.175 (2)
	0.204
	-
	-
	-

	5
	9.496 (2)
	0.009
	0.007
	0.181
	0.868

	SR
	25.443 (2)
	< 0.001
	< 0.001
	0.205
	0.008


FO: fractional occupancy; MDT: mean dwell time; dMIG: migraine with depressive symptom; ndMIG: migraine without depressive symptom; HCs: healthy controls.
[image: ]
[bookmark: _Hlk219228452][bookmark: OLE_LINK61][bookmark: OLE_LINK58][bookmark: OLE_LINK30]sFigure 5. Differences in dynamic indicators of fractional occupancy and mean dwell time (K=5). A. each state of FO with significant differences among dMIG, ndMIG and HCs; B. each state of FO with significant differences between three groups compared pairwise, Bonferroni correction; C. each state of MDT with significant differences among dMIG, ndMIG and HCs; D. each state of MDT with significant differences between three groups compared pairwise, Bonferroni correction. dMIG: migraine with depressive symptom; ndMIG: migraine without depressive symptom; HCs: healthy controls.
[image: ]
[bookmark: _Hlk219228482]sFigure 6. Brain mean activation of each state (K=5). 

[bookmark: _Hlk219226490]sTable 4 Group differences in FO, MDT and SR of dynamic brain states between mild dMIG and moderate dMIG.
	
	dMIG (mild)
	dMIG (moderate)
	Statistics
	P value

	n
	79
	22
	-
	-

	FO
	
	
	
	

	1
	0.00 (0.00, 0.02)
	0.01 (0.00, 0.02)
	Z = 0.165
	0.869

	[bookmark: OLE_LINK33]2
	0.17 (0.03, 0.41)
	0.18 (0.03, 0.49)
	Z = 0.082
	0.934

	3
	0.00 (0.00, 0.02)
	0.00 (0.00, 0.02)
	Z = -0.477
	0.633

	4
	0.06 (0.01, 0.30)
	0.10 (0.01, 0.24)
	Z = -0.362
	0.717

	5
	0.23 (0.13, 0.42)
	0.29 (0.23, 0.66)
	Z = 1.473
	0.141

	6
	0.08 (0.00, 0.30)
	0.04 (0.00, 0.22)
	Z = -0.255
	0.799

	MDT
	
	
	
	

	1
	0.00 (0.00, 2.50)
	0.50 (0.00, 3.00)
	Z = 0.347
	0.729

	2
	5.14 (2.50, 7.33)
	4.49 (1.50, 8.60)
	Z = -0.330
	0.741

	3
	0.00 (0.00, 2.00)
	0.00 (0.00, 2.50)
	Z = -0.072
	0.942

	4
	4.00 (2.00, 7.57)
	4.00 (1.50, 6.91)
	Z = -0.413
	0.679

	5
	4.80 (3.83, 7.00)
	5.14 (3.84, 9.02)
	Z = 0.736
	0.461

	6
	3.63 (0.00, 6.17)
	3.50 (0.00, 5.85)
	Z = -0.440
	0.660

	SR
	0.14 (0.10, 0.17)
	0.15 (0.09, 0.17)
	Z = 0.329
	0.742


The data are represented as the median (first quartile, third quartile); dMIG: migraine with depressive symptom; FO: fractional occupancy; MDT: mean dwell time; SR: switching rate; “-”: no data; statistics indicated comparison between two group using Mann-Whitney U test. 
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