Supplemental Tables and files
Supplemental Table 1: Data Sources
	Data Source
	Variables

	Center for Systems Science and Engineering (CSSE) at Johns Hopkins University
	COVID-19 case and death counts

	Centers for Disease Control and Prevention (CDC) COVID-19 Death Data and Resources
	COVID-19-specific mortality data

	American Community Survey (ACS) 5-year estimates (2014–2018)
	Socioeconomic and demographic data

	CDC Agency for Toxic Substances and Disease Registry (ATSDR) Social Vulnerability Index
	Social vulnerability indicators

	U.S. Census Bureau Population Totals (2010–2019)
	Annual population estimates

	Area Health Resources File (AHRF) 2018–2019
	Health resource data

	2010 Decennial Census
	Additional demographic information

	Kaiser Health News, the Kaiser Family Foundation
	ICU bed counts

	Politico.com Election Results
	Election outcomes

	The Association of Religion Data Archives (ARDA)
	Religious adherence data



Link to the data sources:
CSSE at Johns Hopkins University. COVID-19 Data Repository. Available at: https://github.com/CSSEGISandData/COVID-19
Centers for Disease Control and Prevention. Deaths by Select Demographic and Geographic Characteristics. Available at: https://www.cdc.gov/nchs/nvss/vsrr/covid_weekly/index.htm
U.S. Census Bureau. American Community Survey (ACS). Available at: https://www.census.gov/programs-surveys/acs
Centers for Disease Control and Prevention. ATSDR Social Vulnerability Index. Available at: https://www.atsdr.cdc.gov/placeandhealth/svi/index.html
U.S. Census Bureau. Population Totals. Available at: https://www.census.gov/data/tables/time-series/demo/popest/2010s-counties-total.html
Health Resources and Services Administration. Area Health Resources File (AHRF). Available at: https://data.hrsa.gov/topics/health-workforce/ahrf
U.S. Census Bureau. 2010 Decennial Census. Available at: https://www.census.gov/programs-surveys/decennial-census/decade/2010.html
Kaiser Family Foundation. Available at: https://kffhealthnews.org/news/as-coronavirus-spreads-widely-millions-of-older-americans-live-in-counties-with-no-icu-beds/
Politico.com. 2020 Election Results. Available at: https://www.politico.com/2020-election/results
The Association of Religion Data Archives (ARDA). Available at: https://www.thearda.com/us-religion/statistics/membership

Supplemental Table 2

Supplemental Table 2.  Summary of LASSO model performance for variable selection in predicting county-level age-adjusted excess COVID-19 mortality across the United States (2020–2022).
	Model Selection Method
	Dataset
	Mean Squared Error (MSE)
	R²

	Cross-Validation (CV)
	Training
	0.557
	0.435

	
	Validation
	0.543
	0.462

	Adaptive LASSO
	Training
	0.567
	0.426

	
	Validation
	0.57
	0.435

	Plug-in LASSO
	Training
	0.562
	0.43

	
	Validation
	0.552
	0.453

	Selected Final Model
	Training
	0.448
	0.548

	
	Validation
	0.439
	0.663



Notes:
• All models were trained on 80% of counties and validated on 20%.
• MSE = Mean Squared Error; R² = coefficient of determination.
• The final selected model demonstrated the lowest prediction error and highest explanatory power across both training and validation datasets, confirming strong predictive performance and generalizability.
Supplemental File 1 (Excel file)
Supplemental File 1. Bivariate correlation matrix for all county-level variables included in the study.
This file presents pairwise Pearson correlation coefficients among all covariates, along with their correlations with crude and age-adjusted excess COVID-19 mortality rates across 3,142 U.S. counties. The matrix provides an overview of interrelationships among demographic, socioeconomic, healthcare, and contextual variables used in the analysis. 
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