SUPPLEMENTARY MATERIAL
Article: Seasonal and Temperature-Related Variation in Subarachnoid Hemorrhage Hospital Admissions: A Nationwide Ecological Time-Series Analysis in Brazil, 2020–2024
Supplementary Table S1. Limited PM₁₀ data available in Brazil (2023).
	Month
	PM₁₀ (μg/m³)
	SAH Admissions

	April 2023
	18.1
	186

	May 2023
	20.6
	204

	June 2023
	29.6
	153


Legend: PM₁₀ data from selected urban monitoring stations (São Paulo, Rio de Janeiro, Brasília), representing less than 5% of the study period and under 20% of the national population. PM₁₀, particulate matter ≤10 μm; SAH, subarachnoid hemorrhage.

Section 1.1. Supplementary Methods: Meteorological Data Aggregation
Monthly state-level averages of minimum and maximum air temperature for the 27 Brazilian Federative Units were obtained directly from BDMEP (INMET), which provides pre-aggregated state-monthly statistics derived from its automatic weather station network (15). The BDMEP-aggregated dataset contained no missing monthly state-level values during the study period (January 2020 – November 2024); accordingly, no station-level interpolation, imputation, outlier replacement, or weighting procedures were applied. National monthly time series of minimum and maximum temperatures were derived as the unweighted (simple) arithmetic mean across the 27 Federative Units. Mean temperature was computed as the arithmetic mean of the minimum and maximum temperatures. Seasons were defined according to the Southern Hemisphere calendar (summer: December–February; autumn: March–May; winter: June–August; spring: September–November), and seasonal averages were computed as the unweighted mean of the corresponding monthly values within each season-year stratum.
Section 1.2. Case Ascertainment from DATASUS
Hospital admissions for subarachnoid hemorrhage were identified in the Brazilian Hospital Information System (Sistema de Informações Hospitalares, SIH/SUS), accessed via DATASUS. Cases were identified using the primary diagnosis field (CID Principal) coded I60.0-I60.9 in the International Classification of Diseases, 10th Revision (ICD-10). Records were aggregated at the monthly national level for the period January 2020 through November 2024 (59 months). December 2024 was excluded a priori because data capture for the most recent month at the time of extraction was incomplete, with observed admission counts substantially below the historical monthly range (approximately 66 admissions in the preliminary December 2024 extract, compared with a typical range of 123–240 across the preceding 59 months). This pattern is consistent with the standard consolidation delay of the SIH/SUS, under which Authorization for Hospital Admission (AIH) records are progressively updated after the reference month. The ICD-10 I60.x categories encompass both aneurysmal and non-aneurysmal SAH; etiologic subclassification is not available within SIH/SUS records and was therefore not attempted. SIH/SUS does not capture hospital admissions linked to private-sector providers without SUS reimbursement, consistent with the public health system's approximately 75% national coverage.
Section 1.3. Statistical Modelling
Monthly counts of SAH hospital admissions were modeled using generalized linear models with a quasi-Poisson distribution and a log link function. The quasi-Poisson specification was selected a priori to accommodate overdispersion, which is well documented in monthly count data on relatively rare cerebrovascular events. The estimated dispersion parameter for the overall model was φ = 4.55, indicating substantial overdispersion that was appropriately handled by the quasi-Poisson framework. Dispersion was estimated by the Pearson chi-squared statistic divided by residual degrees of freedom, implemented in statsmodels via family=Poisson() with scale='X2'. The mean minimum air temperature was specified as the primary exposure. Relative risk (RR) per 1°C decrease was computed as exp(−β), where β represents the regression coefficient for temperature on the log scale; this convention reflects the a priori hypothesis that lower temperatures are associated with increased SAH hospital admissions, consistent with prior reports from temperate and subtropical settings.
Distributed lag non-linear models (DLNM) were considered during protocol development but were not implemented in the final analysis. Monthly aggregation precludes estimation of biologically plausible lag windows between cold exposure and SAH onset, which prior physiologic evidence suggests operate on timescales of days to weeks rather than months. Furthermore, with 59 monthly observations distributed across five calendar years, the effective sample size does not support the additional parameters required by lag-by-temperature cross-basis specifications. Quasi-Poisson generalized linear models were therefore retained as the most parsimonious specification compatible with the data resolution.
Season-stratified models were fitted separately for each meteorological season (autumn, winter, spring, summer) without additional long-term trend or within-season seasonality terms, given the small per-stratum sample sizes (14–15 months per season). Humidity and atmospheric pressure were evaluated in preliminary multivariable specifications. Still, they were excluded from the final models because they did not show independent associations with SAH admissions after adjustment for temperature.
Section 1.4. Mortality Analysis
In-hospital mortality data were obtained from the Brazilian Mortality Information System (Sistema de Informações sobre Mortalidade, SIM) via DATASUS, using the same ICD-10 codes (I60.0–I60.9) and the same study period. Because both the admissions and mortality datasets were available only as aggregate monthly national counts, individual-level linkage between admissions and deaths was not possible. Monthly case-fatality estimates were therefore computed as the ratio of monthly SAH deaths to monthly SAH admissions; this represents an aggregate ratio rather than a patient-level case-fatality rate and is interpreted with this caveat throughout the manuscript. Distributions of monthly case-fatality estimates across the four meteorological seasons were compared using the Kruskal–Wallis test, a non-parametric procedure selected as a conservative default for the small per-season sample size (14–15 monthly observations per season). The observed test statistic was H = 3.05 (p = 0.38), with monthly case-fatality estimates of 5.2% in summer, 5.6% in autumn, 5.7% in winter, and 5.6% in spring.
Section 1.5. Sensitivity Analyses
Two prespecified sensitivity analyses were performed. First, all season-stratified quasi-Poisson models were refitted after exclusion of calendar year 2020 to address potential disruption associated with the first year of the COVID-19 pandemic; results are presented in Supplementary Table S4. Second, the winter analysis was repeated using mean maximum temperature as an alternative exposure variable to evaluate consistency of the temperature–SAH association across temperature metrics; this result is also reported in Supplementary Table S4. No further sensitivity specifications (for example, inclusion of long-term trend terms, lag structures, or air pollution covariates) were undertaken, given the data resolution and the absence of nationally representative pollution coverage.
Section 1.6. Software and Reproducibility
All statistical analyses were conducted using Python 3.11 with the statsmodels, scipy, pandas, and numpy libraries. Data extraction relied on publicly accessible DATASUS query interfaces (TabNet/TabWin) and the BDMEP/INMET portal. No proprietary software was used. Complete model specifications, intermediate datasets, and analytical code are available upon reasonable request from the corresponding author.




Supplementary Table S2. Pearson correlations between monthly meteorological variables and SAH hospital admissions, Brazil, January 2020 – November 2024 (N = 59 months).
	Variable
	Pearson r
	p-value

	Mean minimum temperature (°C)
	−0.192
	0.14

	Mean maximum temperature (°C)
	−0.196
	0.14

	Mean temperature (°C)
	−0.194
	0.14


Legend: Pearson product–moment correlation coefficients between monthly state-averaged meteorological variables (unweighted mean across the 27 Federative Units) and monthly SAH hospital admissions across the full study period (N = 59 months). SAH, subarachnoid hemorrhage.

Supplementary Table S3. Season-stratified quasi-Poisson model results: relative risk of SAH hospital admission per 1°C decrease in mean minimum temperature, Brazil, January 2020 – November 2024.
	Stratum
	N (months)
	RR per 1°C decrease (95% CI)
	p-value

	Overall
	59
	1.019 (0.994–1.045)
	0.14

	Autumn (Mar–May)
	15
	1.026 (0.985–1.067)
	0.22

	Winter (Jun–Aug)
	15
	1.133 (1.008–1.275)
	0.037

	Spring (Sep–Nov)
	15
	1.037 (0.947–1.135)
	0.43

	Summer (Dec–Feb)
	14
	0.991 (0.819–1.199)
	0.92


Legend: Quasi-Poisson generalized linear models fitted separately for the overall study period and within each season, with monthly SAH admissions as the outcome and mean minimum temperature as the exposure. Relative risks are expressed per 1°C decrease in mean minimum temperature. Summer comprises 14 months, as December 2024 was excluded due to incomplete data capture—CI, confidence interval; RR, relative risk; SAH, subarachnoid hemorrhage.

Supplementary Table S4. Sensitivity analysis excluding the first pandemic year (2020): season-stratified quasi-Poisson model results, Brazil, January 2021 – November 2024 (N = 47 months, 8,004 admissions).
	Stratum
	Exposure
	RR per 1°C decrease (95% CI)
	p-value

	Autumn
	Mean minimum T
	1.035 (0.998–1.072)
	0.061

	Winter
	Mean minimum T
	1.140 (1.013–1.282)
	0.030

	Spring
	Mean minimum T
	1.038 (0.940–1.146)
	0.463

	Summer
	Mean minimum T
	1.006 (0.810–1.250)
	0.958

	Winter
	Mean maximum T
	1.121 (0.995–1.263)
	0.060


Legend: Quasi-Poisson generalized linear models refitted after exclusion of calendar year 2020 to address potential disruption associated with the first year of the COVID-19 pandemic. Results are stratified by season; an additional row shows the winter analysis using mean maximum temperature as an alternative exposure. Relative risks are expressed per 1°C decrease—CI, confidence interval; RR, relative risk; SAH, subarachnoid hemorrhage.
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