Supplementary Methods
Model specifications and estimation
All statistical analyses were performed in R (v4.5.0) using the glmmTMB package (v1.1.12). Six pre-specified outcome variables were analysed using model-based approaches to evaluate the effects of sex (male, female) and experimental group (vehicle, NTG) and their interactions. Full model formulas, distributional families, link functions, and random effects structures for each outcome are provided in Supplementary Table S1.
For each outcome, additive and interaction model structures were compared using likelihood ratio tests (LRTs) based on maximum likelihood (ML) estimation, as required for valid fixed-effect comparison via LRT. Final parameter estimates for models with random effects were subsequently obtained under restricted maximum likelihood (REML) to ensure unbiased estimation of variance components. AIC and BIC values for all competing model pairs are reported in Supplementary Table S3.
Distributional family selection for CSD frequency
CSD counts per animal represent bounded, moderately overdispersed count data constrained by the experimental protocol (1 hour of KCl application). A generalised Poisson model with a log link was pre-specified as the primary family for this outcome on the basis that it accommodates flexible dispersion without the heavier tail assumptions of the negative binomial, which are more appropriate for unbounded count processes. To formally justify this choice, both families were fitted to the data and compared by AIC and BIC. The generalised Poisson provided substantially better fit (ΔAIC = 26.85 in favour of generalised Poisson; Supplementary Table S2).
CSD amplitude: sensitivity analysis with quadratic CSD order term
The initial amplitude model used a linear CSD order term. DHARMa simulation-based residual diagnostics indicated a mild departure from uniformity in this model (KS p = 0.005), attributable to a nonlinear decline in amplitude across successive CSD events within animals. A sensitivity model incorporating a quadratic polynomial term for CSD order resolved the combined adjusted quantile test (n.s.) while preserving adequate dispersion (p = 0.872) and null results for all sex and group effects. This quadratic model was therefore adopted as the final specification for amplitude. Sensitivity analyses with alternative families (Student-t) yielded equivalent null conclusions.
CSD duration: model diagnostics and family selection
A Gamma distribution with log link was specified a priori for CSD duration as the canonical choice for strictly positive, right-skewed continuous data. DHARMa diagnostics indicated adequate dispersion (p = 0.910) and absence of influential outliers, with a mild but statistically significant KS deviation (p = 0.005) likely attributable to the sensitivity of the KS test to the large number of per-event observations. Alternative families (lognormal, quadratic Gamma) showed equal or substantially worse fit (lognormal: KS p = 5×10⁻⁵, outlier test p = 0.027). The original Gamma model was therefore retained as the best available specification. The null conclusions for duration were unaffected across all alternative specifications.
Random effects structure
For models with repeated CSD events per animal (amplitude, duration), random slopes for CSD order by mouse were included in addition to random intercepts, based on the biological rationale that individual CSD dynamics evolve across successive events within each animal. Formal LRT comparisons confirmed that random slope inclusion significantly improved model fit in both cases (Supplementary Table S8).
Multiple-testing correction
Post hoc pairwise contrasts were derived from estimated marginal means (EMMs) using the emmeans package (v1.11.2-8). Where multiple comparisons were performed within an outcome (across time points or CSD order), p-values were adjusted using the Benjamini-Hochberg false discovery rate (FDR) procedure. Adjusted p-values are reported alongside back-transformed effect estimates and 95% confidence intervals in Supplementary Tables S6 and S7.

Supplementary Tables
Supplementary Table S1. Model specifications for all six outcome variables.
	Outcome
	Fixed effects
	Random effects
	Family (link)
	Transform

	Mechanical allodynia (von Frey)
	sex + group + time + sex×time + group×time; ML for LRT, REML for estimates
	(1 | mouse); dispersion ~ group
	Gaussian / identity
	sqrt(VFT_score)

	CSD frequency
	sex × group
	None (cross-sectional)
	Generalized Poisson / log
	None

	First CSD latency
	sex × group
	None (cross-sectional)
	Gaussian / identity
	sqrt(minutes)

	Recurrent CSD latency
	sex × group × CSD_order (linear)
	(1 | mouse)
	Gaussian / identity
	sqrt(minutes)

	CSD amplitude
	(sex + group) × poly(CSD_order, 2); ML for LRT, REML for estimates
	(1 + CSD_order | mouse)
	Gaussian / identity
	None

	CSD duration
	(sex + group) × CSD_order (linear); ML for LRT, REML for estimates
	(1 + CSD_order | mouse)
	Gamma / log
	None


LRT = likelihood ratio test; ML = maximum likelihood; REML = restricted maximum likelihood. All LRTs for fixed-effect model selection were performed under ML. Final parameter estimates for models with random effects were obtained under REML.

Supplementary Table S2. AIC and BIC comparison of generalised Poisson and negative binomial families for CSD frequency.
	Model
	AIC
	BIC
	ΔAIC
	ΔBIC

	Generalized Poisson (selected)
	174.80
	184.15
	0.00
	0.00

	Negative Binomial
	201.64
	211.00
	26.85
	26.85


ΔAIC and ΔBIC computed relative to the better-fitting model within the comparison. AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion.



Supplementary Table S3. AIC and BIC for all competing model structures across outcomes.
	Outcome
	Model
	AIC
	BIC
	ΔAIC
	ΔBIC
	Decision

	CSD Frequency
	Generalized Poisson 
	174.80
	184.15
	0.00
	0.00
	Selected

	
	Negative Binomial
	201.64
	211.00
	26.85
	26.85
	Rejected

	First CSD Latency
	Interaction 
	56.94
	66.30
	0.00
	0.00
	Selected

	
	Additive
	59.48
	66.96
	2.53
	0.66
	Rejected

	Recurrent CSD Latency
	Interaction 
	729.98
	767.60
	0.00
	1.65
	Selected

	
	Additive
	735.85
	765.95
	5.87
	0.00
	Rejected

	CSD Amplitude
	Additive quadratic
	1734.87
	1783.44
	0.00
	0.00
	Selected

	
	Interaction quadratic
	1737.55
	1797.34
	2.68
	13.89
	Rejected

	CSD Duration
	Additive Gamma
	2826.08
	2863.70
	0.00
	0.00
	Selected

	
	Interaction Gamma
	2828.29
	2873.43
	2.21
	9.73
	Rejected

	Von Frey
	Additive 
	-97.54
	-61.41
	0.00
	0.00
	Selected

	
	Interaction
	-93.12
	-47.96
	4.42
	13.46
	Rejected


ΔAIC and ΔBIC are computed within each outcome pair. The selected model for each outcome is the one with lower AIC; BIC is reported for reference. Amplitude and Von Frey additive models are favoured by both criteria. For recurrent latency, AIC favours the interaction model (ΔAIC = 5.87 for additive vs. interaction), which was retained for inference given the pre-specified biological rationale for sex-dependent temporal dynamics.
Supplementary Table S4. DHARMa simulation-based residual diagnostics for all final models.
	Model
	Dispersion p
	Dispersion
	KS p
	KS
	Outlier p
	Outlier
	Assessment

	CSD Frequency (GenPois)
	0.656
	n.s.
	0.589
	n.s.
	1.000
	n.s.
	No issues detected

	First CSD Latency (Gaussian, sqrt)
	0.888
	n.s.
	0.293
	n.s.
	1.000
	n.s.
	No issues detected

	Recurrent Latency (Gaussian, sqrt)
	0.904
	n.s.
	0.204
	n.s.
	0.471
	n.s.
	No issues detected

	CSD Amplitude – linear (original)
	0.864
	n.s.
	0.005
	*
	1.000
	n.s.
	Mild KS deviation

	CSD Amplitude – quadratic (final)
	0.872
	n.s.
	0.020
	*
	1.000
	n.s.
	Combined quantile test n.s.

	CSD Duration (Gamma, log)
	0.910
	n.s.
	0.005
	*
	1.000
	n.s.
	Best available; null conclusions unaffected

	Von Frey (Gaussian, sqrt)
	0.862
	n.s.
	0.292
	n.s.
	1.000
	n.s.
	No significant problems detected


KS = Kolmogorov-Smirnov test for uniformity of scaled residuals. Dispersion test evaluates whether simulated SD matches observed SD. Outlier test evaluates extreme residuals. n.s. = not significant (p > 0.05); * p < 0.05. Combined adjusted quantile test for amplitude (quadratic) was n.s. despite the borderline KS p-value, indicating absence of systematic misspecification. 

Supplementary Table S5. Variance components (random effect standard deviations) for all models including random effects.
	Model
	Random effect
	Variance
	SD

	Von Frey (random intercept)
	Intercept
	0.00271
	0.052

	Recurrent Latency (random intercept)
	Intercept
	0.308
	0.555

	Amplitude quadratic (random intercept + slope)
	Intercept
	6.939
	2.634

	
	CSD_order slope
	0.138
	0.372

	
	Intercept-slope covariance
	0.429
	–

	Duration Gamma (random intercept + slope)
	Intercept
	0.0381
	0.195

	
	CSD_order slope
	0.00170
	0.041

	
	Intercept-slope covariance
	−0.000599
	–


SD = standard deviation. Covariance between random intercept and random slope is reported where applicable. Models without random effects (CSD frequency, first CSD latency) are not included.


Supplementary Table S6. Back-transformed estimated marginal means (EMMs) and incidence rate ratios (IRRs) for CSD frequency by sex.
	Sex
	Contrast
	IRR
	95% CI
	z
	adj. p (FDR)

	Male
	NTG / VEH
	1.09
	[0.95, 1.26]
	1.25
	0.212

	Female
	NTG / VEH
	1.41
	[1.15, 1.73]
	3.32
	0.001


IRRs are derived from the generalised Poisson model and represent the ratio of NTG to vehicle CSD counts within each sex. 95% CIs are back-transformed from the log scale. p-values are FDR-adjusted (Benjamini-Hochberg). FDR = false discovery rate; IRR = incidence rate ratio; VEH = vehicle; NTG = nitroglycerin.
Supplementary Table S7. Back-transformed estimated marginal means (EMMs) for first CSD latency by sex and group.
	Sex
	Group
	EMM (min)
	95% CI
	Contrast (NTG−VEH)
	adj. p (FDR)

	Male
	VEH
	1.87
	[1.35, 2.47]
	+0.22 min
	0.562

	
	NTG
	2.10
	[1.58, 2.70]
	
	

	Female
	VEH
	2.82
	[1.96, 3.85]
	−1.30 min
	0.029

	
	NTG
	1.52
	[0.91, 2.30]
	
	


EMMs are back-transformed from the square-root scale to the original minute scale. Contrasts represent NTG minus VEH within each sex. p-values are FDR-adjusted. VEH = vehicle; NTG = nitroglycerin; EMM = estimated marginal mean; FDR = false discovery rate.
Supplementary Table S8. Likelihood ratio tests justifying random slope inclusion for CSD amplitude and duration models.
	Outcome
	Comparison
	Δdf
	χ²
	p
	Decision

	CSD Amplitude (quadratic)
	Random intercept only vs. intercept + slope
	2
	9.70
	0.008
	Random slopes retained

	CSD Duration (Gamma)
	Random intercept only vs. intercept + slope
	2
	32.36
	<0.001
	Random slopes retained


LRTs comparing random intercept-only models with random intercept + slope models, fitted under maximum likelihood. Δdf = degrees of freedom difference; χ² = chi-squared statistic.

Supplementary Table S9. Results from the multivariable linear mixed-effects analysis of mechanical allodynia thresholds (von Frey test) across time, treatment group (vehicle vs. NTG), and sex (male vs. female).

	Variable
	Estimate
	95% CI
	Wald z
	p

	Intercept
	0.691
	[0.614, 0.768]
	17.5
	<0.001

	Main effects

	Sex
   Male
   Female
	
—
-0.032
	
—
[-0.128, 0.063]
	
—
-0.67
	
—
0.506

	Group
   Vehicle
   NTG
	
—
0.014
	
—
[-0.077, 0.105]
	
—
0.29
	
—
0.769

	Time
   Day 0
   Day 5
   Day 10
	
—
0.076
0.080
	
—
[-0.028, 0.181]
[-0.024, 0.185]
	
—
1.43
1.50
	
—
0.153
0.153

	Two-way interactions

	Sex [F] × Time [D5]
	-0.031
	[-0.158, 0.097]
	-0.47
	0.639

	Sex [F] × Time [D10]
	-0.007
	[-0.135, 0.120]
	-0.11
	0.912

	Group [NTG] × Time [D5]
	-0.386
	[-0.508, -0.264]
	-6.19
	<0.001

	Group [NTG] × Time [D10]
	-0.650
	[-0.772, -0.528]
	-10.43
	<0.001



Statistically significant variables are shown in bold.
Abbreviations: CI = confidence interval; NTG = nitroglycerin; F = female; D5 = Day 5; D10 = Day 10.


Supplementary Table S10. Summary of the multivariable Poisson model assessing the number of cortical spreading depolarizations (CSDs) across experimental group (vehicle vs. NTG) and sex (male vs. female).

	Variable
	Estimate
	95% CI
	Wald z
	p

	Intercept
	1.85
	[1.75, 1.96]
	34.4
	<0.001

	Sex
   Male
   Female
	
—
-0.178
	
—
[-0.362, 0.005]
	
—
-1.91
	
—
0.057

	Group
   Vehicle
   NTG
	
—
0.090
	
—
[-0.052, 0.233]
	
—
1.25
	
—
0.212

	Sex [F] × Group [NTG]
	0.255
	[0.008, 0.502]
	2.03
	0.043



Statistically significant variables are shown in bold.
Abbreviations: CI = confidence interval; NTG = nitroglycerin; F = female



Supplementary Table S11. Summary of the multivariable generalized linear model assessing the latency to the first CSD after induction across experimental group (vehicle vs. NTG) and sex (female vs. male).

	Variable
	Estimate
	95% CI
	Wald z
	p

	Intercept
	1.367
	[1.168, 1.567]
	13.42
	<0.001

	Sex
   Male
   Female
	
—
0.313
	
—
[-0.026, 0.652]
	
—
1.81
	
—
0.070

	Group
   Vehicle
   NTG
	
—
0.082
	
—
[-0.192, 0.356]
	
—
0.59
	
—
0.558

	Sex [F] × Group [NTG]
	-0.527
	[-1.001, -0.053]
	-2.18
	0.029



Statistically significant variables are shown in bold.
Abbreviations: CSD = cortical spreading depression; CI = confidence interval; NTG = nitroglycerin; F = female.















Supplementary Table S12. Summary of the multivariable generalized linear model assessing the latency to the recurrent CSD after induction across experimental group (vehicle vs. NTG) and sex (female vs. male).

	Variable
	Estimate
	95% CI
	Wald z
	p

	Intercept
	1.322
	[0.927, 1.717]
	6.56
	<0.001

	Sex
   Male
   Female
	
—
0.134
	
—
[-0.560, 0.827]
	
—
0.38
	
—
0.706

	Group
   Vehicle
   NTG
	
—
0.017
	
—
[-0.520, 0.554]
	
—
0.06
	
—
0.950

	CSDorder
	0.933
	[0.866, 1.000]
	27.4
	<0.001

	Sex [F] × Group [NTG]
	-0.260
	[-1.199, 0.680]
	-0.54
	0.588

	Sex [F] × CSDorder
	0.159
	[0.024, 0.294]
	2.32
	0.021

	Group [NTG] × CSDorder
	-0.077
	[-0.163, 0.009]
	-1.75
	0.080

	Sex [F] × Group [NTG] × CSDorder
	-0.176
	[-0.338, -0.014]
	-2.13
	0.033



Statistically significant variables are shown in bold.
Abbreviations: CSD = cortical spreading depression; CI = confidence interval; NTG = nitroglycerin; F = female.


Supplementary Table S13. Summary of the multivariable generalized linear model assessing the CSD amplitude across experimental group (vehicle vs. NTG) and sex (female vs. male).

	Variable
	Estimate
	95% CI
	Wald z
	p

	Intercept
	13.923
	[12.05, 15.791]
	14.61
	<0.001

	Sex
   Male
   Female
	
—
-0.243
	
—
[-2.613, 2.127]
	
—
-0.20
	
—
0.841

	Group
   Vehicle
   NTG
	
—
-0.744
	
—
[-3.004, 1.516]
	
—
-0.65
	
—
0.519

	CSDorder (linear)
	-12.560
	[-28.976, 3.856]
	-1.50
	0.134

	CSDorder (quad.)
	8.569
	[−4.337, 21.476]
	1.30
	0.193

	Sex [F] × CSDorder (linear)
	0.979
	[-17.969, 19.926]
	0.10
	0.919

	Sex [F] × CSDorder (quad.)
	3.588
	[-11.779, 18.955]
	0.46
	0.647

	Group [NTG] × CSDorder (linear)
	-0.903
	[-20.067, 18.261]
	-0.09
	0.926

	Group [NTG] × CSDorder (quad.)
	1.532
	[-14.147, 17.210]
	0.19
	0.848



Statistically significant variables are shown in bold.
Abbreviations: CSD = cortical spreading depression; CI = confidence interval; NTG = nitroglycerin; quad. = quadratic; F = female.





Supplementary Table S14. Summary of the multivariable generalized linear model assessing the CSD duration across experimental group (vehicle vs. NTG) and sex (female vs. male).

	Variable
	Estimate
	95% CI
	Wald z
	p

	Intercept
	4.653
	[4.542, 4.765]
	81.59
	<0.001

	Sex
   Male
   Female
	
—
0.088
	
—
[-0.056, 0.233]
	
—
1.20
	
—
0.232

	Group
   Vehicle
   NTG
	
—
-0.060
	
—
[-0.196, 0.077]
	
—
-0.85
	
—
0.393

	CSDorder
	-0.016
	[-0.042, 0.010]
	-2.33
	0.236

	Sex [F] × CSDorder
	0.031
	[-0.002, 0.064]
	0.22
	0.068

	Group [NTG] × CSDorder
	-0.004
	[-0.035, 0.027]
	0.32
	0.798



Statistically significant variables are shown in bold.
Abbreviations: CSD = cortical spreading depression; CI = confidence interval; NTG = nitroglycerin; F = female.
 
