Supplementary material
Table S1. Selected sensitivity analyses for anterior-superior and whole-total VSS models
	Outcome
	Model
	N
	β per 1-point VSS
	95% CI
	P

	Whole hypothalamus (total)
	Base
	41
	0.814
	-0.469 to 2.097
	0.206

	Whole hypothalamus (total)
	+BMI
	41
	0.712
	-0.559 to 1.983
	0.263

	Whole hypothalamus (total)
	+HADS
	41
	0.967
	-0.563 to 2.497
	0.208

	Whole hypothalamus (total)
	+BMI + HADS
	41
	1.089
	-0.408 to 2.585
	0.148

	Whole hypothalamus (total)
	HC3 robust SE
	41
	0.814
	0.031 to 1.597
	0.042

	Anterior-superior (total)
	Base
	41
	0.136
	0.038 to 0.233
	0.008

	Anterior-superior (total)
	+BMI
	41
	0.145
	0.050 to 0.240
	0.004

	Anterior-superior (total)
	+HADS
	41
	0.191
	0.081 to 0.302
	0.001

	Anterior-superior (total)
	+BMI + HADS
	41
	0.185
	0.075 to 0.296
	0.002

	Anterior-superior (total)
	HC3 robust SE
	41
	0.136
	0.035 to 0.236
	0.009


Base models adjust for age, sex, and TIV. +BMI and/or +HADS rows add those covariates, and HC3 rows report heteroskedasticity-robust confidence intervals. The women-only refit is provided only as a limited influence check because the migraine cohort contained one male participant; it is not a sex-effect analysis.
Table S2. Headache-burden variables and anterior-superior/whole-total volumes
	Predictor
	Outcome
	N
	β
	95% CI
	P

	Baseline MMD
	Whole hypothalamus (total)
	41
	0.919
	-2.148 to 3.985
	0.547

	Baseline MMD
	Anterior-superior (total)
	41
	0.042
	-0.210 to 0.295
	0.736

	MIDAS total score
	Whole hypothalamus (total)
	38
	-0.203
	-0.945 to 0.540
	0.582

	MIDAS total score
	Anterior-superior (total)
	38
	-0.006
	-0.068 to 0.056
	0.842

	HIT-6 score
	Whole hypothalamus (total)
	41
	-0.314
	-2.697 to 2.070
	0.791

	HIT-6 score
	Anterior-superior (total)
	41
	-0.040
	-0.235 to 0.156
	0.681


All models are covariate-adjusted linear regressions within the migraine cohort, adjusted for age, sex, and TIV.
Table S3. Nonlinearity and age² sensitivity analyses for anterior-superior and whole-total volumes
	Outcome
	Analysis
	N
	Estimate
	95% CI
	P

	Whole hypothalamus (total)
	Quadratic VSS term
	41
	-0.001
	-0.053 to 0.050
	0.954

	Anterior-superior (total)
	Quadratic VSS term
	41
	-0.002
	-0.006 to 0.002
	0.353

	Whole hypothalamus (total)
	Continuous VSS with age² adjustment
	41
	0.698
	-0.607 to 2.003
	0.285

	Anterior-superior (total)
	Continuous VSS with age² adjustment
	41
	0.140
	0.039 to 0.240
	0.008


Quadratic rows report the coefficient for the squared centered VSS term from models adjusted for age, sex, and TIV. Age² rows report the continuous VSS coefficient from models additionally adjusted for a quadratic age term. Across leave-one-out iterations, the whole-total VSS coefficient ranged from 0.629 to 1.002 and the anterior-superior coefficient ranged from 0.121 to 0.172; the anterior-superior coefficient remained positive in every iteration.
Table S4. Continuous DHI models for the six primary hypothalamic outcomes
	Outcome
	N
	β per 1-point DHI
	95% CI
	P
	FDR
	Partial R²

	Anterior-superior
	41
	0.098
	0.025 to 0.171
	0.010
	0.058
	0.172

	Whole hypothalamus
	41
	0.325
	-0.644 to 1.295
	0.500
	0.601
	0.013

	Anterior-inferior
	38
	0.007
	-0.080 to 0.094
	0.874
	0.874
	0.001

	Posterior
	40
	0.141
	-0.135 to 0.417
	0.306
	0.577
	0.030

	Tuberal-inferior
	41
	0.189
	-0.247 to 0.625
	0.385
	0.577
	0.021

	Tuberal-superior
	41
	0.159
	-0.150 to 0.468
	0.305
	0.577
	0.029


β coefficients represent the adjusted change in volume per 1-point increase in DHI. Models were adjusted for age, sex, and TIV. Partial R² values were derived from the model-specific t statistic for DHI and are provided as descriptive effect-size indices. FDR correction was applied across the six primary outcomes within the DHI family; no DHI association survived FDR correction.
Table S5. Exploratory sample-derived VSS tertile associations with the six primary hypothalamic outcomes
	Outcome
	Low
	Middle
	High
	ANCOVA P
	FDR
	Partial η²

	Anterior-superior
	34.80 ± 6.27
	41.27 ± 5.11
	39.94 ± 6.76
	0.006
	0.036
	0.254

	Whole hypothalamus
	661.13 ± 80.11
	749.46 ± 58.39
	679.54 ± 95.06
	0.024
	0.048
	0.192

	Anterior-inferior
	19.51 ± 6.59
	20.59 ± 6.82
	21.12 ± 6.52
	0.805
	0.805
	0.013

	Posterior
	208.40 ± 24.73
	220.00 ± 18.18
	205.30 ± 26.47
	0.552
	0.662
	0.034

	Tuberal-inferior
	224.29 ± 39.26
	263.93 ± 23.98
	237.24 ± 41.12
	0.036
	0.054
	0.173

	Tuberal-superior
	175.83 ± 25.24
	203.68 ± 24.01
	186.75 ± 21.89
	0.024
	0.048
	0.192


VSS tertiles were low (0–16; n = 14), middle (17–28; n = 13), and high (29–82; n = 14), derived from the observed migraine-cohort distribution. P values are from ANCOVA adjusted for age, sex, and TIV. Descriptive FDR values across the six primary outcomes are shown for completeness but are not used for confirmatory inference. Because these tertiles were sample-derived and subgroup sizes were small, the table is descriptive/exploratory rather than confirmatory.
Table S6. Descriptive side-specific continuous VSS models for the anterior-superior hypothalamic subregion
Side-specific models were adjusted for age, sex, and TIV. These analyses are descriptive and were not part of the prespecified multiplicity-controlled primary family.
	Outcome
	N
	β per 1-point VSS
	95% CI
	P
	Partial R²

	Anterior-superior, left
	41
	0.073
	0.002 to 0.143
	0.043
	0.109

	Anterior-superior, right
	41
	0.063
	-0.011 to 0.138
	0.094
	0.076
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Figure 1. Vestibular symptom burden and anterior-superior hypothalamic volume
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