Why are Rural Hospitals Closing in the U.S.?: Predictors Identified using Explainable Machine Learning 

Cost reports variables
	Features
	Data Description

	Provider CCN
	CMS certification number

	Rural–Urban status (Mode)
	Most frequently reported rural–urban classification across all cost-reporting years for each hospital, Encoded as: 0 = Rural, 1 = Urban

	Provider type (Mode)
	Most frequently reported provider type (i.e., type of hospital or healthcare facility based on services provided) across all cost-reporting years for a given hospital. Encoded as :1 = General Short Term (includes CAHs), 2 = General Long Term, 3 = Cancer, 4 = Psychiatric, 5 = Rehabilitation, 6 = Religious Non‐Medical Health Care Institution, 7 = Children, 8 = Reserved for Future Use, 9 = Other, 10 = Extended Neoplastic Disease Care, 11 = Indian Health Services, and 12 = Rural Emergency Hospital.

	Critical access hospital (CAH) status (Mode)
	Most frequently reported Critical Access Hospital (CAH) designation across all reporting years for each hospital, indicating whether the hospital is classified as a CAH. Encoded as: 1 = CAH, 0 = non-CAH

	Type of control (mode)
	Most frequently reported ownership/control type across all reporting years for each hospital. Encoded as :1= Voluntary Non‐Profit‐Church, 2 = Voluntary Non‐Profit‐Other, 3 = Proprietary‐Individual, 4 = Proprietary‐Corporation, 5 = Proprietary‐Partnership, 6 = Proprietary‐Other, 7 = Governmental‐Federal, 8 = Governmental‐City‐County, 9 = Governmental‐County, 10 = Governmental‐State, 11 = Governmental‐Hospital District, 12 = Governmental‐City, 13 = Governmental‐Other.

	Negative equity category (Mode)
	Most frequently reported hospital equity categories across all reporting years, representing the hospital’s overall solvency status. Calculated as Total Assets (Sum of all assets) − Total Liabilities (Sum of all current and long-term liabilities) for each hospital-year. Equity values are then binned into four ordered categories using the 25th and 50th percentile thresholds. Encoded as: 0 = Negative (Loss)- liabilities exceed assets; 1 = Low Equity — equity between 0 and 25th percentile; 2 = Moderate Equity — equity between 25th and 50th percentile; 3 = High Equity — equity above the 50th percentile.

	Total hospital days (Mean)
	Total hospital days: Total number of inpatient days for all classes of patients;   
                                                                                  Total hospital days (Mean): Average number of inpatient days for all classes of patients across available cost-reporting years for each hospital.

	Total hospital days (Median)

	Median number of inpatient days for all classes of patients across reporting years.

	Total hospital days (Standard deviation)

	Standard deviation of total inpatient days across reporting years.

	Total hospital days (Interquartile range)

	Interquartile range (IQR) of total inpatient days across reporting years.

	Total hospital beds (Mean)
	Total hospital beds: The number of beds available for use by patients at the end of the cost reporting period.                                                                                                                                                     Total hospital beds (Mean): Average number of beds available for use by patients at the end of each cost-reporting period across all available years. A “bed” includes adult beds, pediatric beds, birthing rooms, and newborn intensive-care beds (excluding newborn bassinets) that are maintained in a patient-care area for lodging patients in acute, long-term, or domiciliary areas of the hospital.

	Total hospital beds (Median)

	Median number of hospital beds available for patient use across all reporting years.

	Total hospital beds (Standard deviation)

	Standard deviation of the number of hospital beds available for patient use across reporting years.

	Total hospital beds (Interquartile range)

	Interquartile range (IQR) of the number of hospital beds available for patient use across reporting years.

	Total hospital bed-days available (Mean)
	Total hospital bed-days available: number of hospital bed-days available across all reporting years. Bed-days available are computed by multiplying the number of beds available during each part of the reporting period by the number of beds available during that part of the reporting period.                                                                     

Total hospital bed-days available (Mean):
 Average number of hospital bed-days available across all reporting years.

	Total hospital bed-days available (Median)
	A median number of hospital bed-days available across all reporting years.

	Total hospital bed-days available (Standard deviation)
	Standard deviation of hospital bed-days available across all reporting years.

	Total hospital bed-days available (Interquartile range)
	Interquartile range (IQR) of hospital bed-days available across all reporting years.

	Total margin (Mean)
	Total margin: measures a hospital’s overall profitability.                                        

Total margin (Mean): Average overall profitability of the hospital across all available cost-reporting years.

	Total margin (Median)
	Median overall profitability of the hospital across all available cost-reporting years.

	Total margin (Standard deviation)
	Standard deviation of total margin across all reporting years.

	Total margin (Interquartile range)
	IQR of total margin across all reporting years.

	Outpatient revenue to total revenue (Mean)
	Outpatient revenue to total revenue: total patient revenue derived from outpatient services across all available cost-reporting years.                                                                

Outpatient revenue to total revenue (Mean): Average percentage of total patient revenue derived from outpatient services across all available cost-reporting years.

	Outpatient revenue to total revenue (Median)
	Median the percentage of total patient revenue derived from outpatient services across all available cost-reporting years.

	Outpatient revenue to total revenue (Standard deviation)
	Standard deviation of the percentage of total patient revenue derived from outpatient services across all available cost-reporting years.

	Outpatient revenue to total revenue (Interquartile range)
	IQR of the percentage of total patient revenue derived from outpatient services across all available cost-reporting years.

	Uncompensated care as a percentage of operating expenses (Mean)
	Uncompensated care refers to the total cost of healthcare services that hospitals provide but do not receive payment for. 

Uncompensated care as a percentage of operating expenses: proportion of hospital operating expenses attributable to uncompensated care (including charity care and bad debt)   

Uncompensated care as a percentage of operating expenses (Mean): Average proportion of hospital operating expenses attributable to uncompensated care (including charity care and bad debt) across all available cost-reporting years. 

	Uncompensated care as a percentage of operating expenses (Median)
	Median the proportion of hospital operating expenses attributable to uncompensated care (including charity care and bad debt) across all available cost-reporting years. 

	Uncompensated care as a percentage of operating expenses (Standard deviation)
	Standard deviation of the proportion of hospital operating expenses attributable to uncompensated care (including charity care and bad debt) across all available cost-reporting years. 

	Uncompensated care as a percentage of operating expenses (Interquartile range)
	IQR of the proportion of hospital operating expenses attributable to uncompensated care (including charity care and bad debt) across all available cost-reporting years. 

	Operating margin (Mean)
	Operating margin: shows the hospital’s financial health from patient-care activities alone;                                                                     

Operating margin (Mean): Average profitability from patient-care services across all available cost-reporting years

	Operating margin (Median)
	Median profitability from patient-care services across all available cost-reporting years

	Operating margin (Standard deviation)
	Standard deviation of profitability from patient-care services across all available cost-reporting years

	Operating margin (Interquartile range)
	IQR of profitability from patient-care services across all available cost-reporting years

	Charge markup (Mean)
	Charge markup: Charge markup measures how much higher a hospital’s billed charges are compared to its actual costs for providing care.                                                                         

Charge markup (Mean): Average ratio of hospital service charges to estimated costs across all available cost-reporting years

	[bookmark: _GoBack]Charge markup (Median)
	Median ratio of hospital service charges to estimated costs across all available cost-reporting years.

	Charge markup (Standard deviation)
	Standard deviation of hospital service charges to estimated costs across all available cost-reporting years.

	Charge markup (Interquartile range)
	IQR ratio of hospital service charges to estimated costs across all available cost-reporting years.

	Occupancy rate (Mean)
	Occupancy rate: measures how efficiently a hospital uses its available beds. measures how efficiently a hospital uses its available beds.                                                                       

Occupancy rate (Mean): Average percentage of available hospital bed-days that were occupied by inpatients across all available cost-reporting years

	Occupancy rate (Median)
	Median percentage of available hospital bed-days that were occupied by inpatients across all available cost-reporting years.

	Occupancy rate (Standard deviation)
	standard deviation percentage of available hospital bed-days that were occupied by inpatients across all available cost-reporting years.

	Occupancy rate (Interquartile range)
	IQR percentage of available hospital bed-days that were occupied by inpatients across all available cost-reporting years.

	Medicaid payer mix (Mean)
	Medicaid payer mix shows what percentage of a hospital’s total billed charges came from Medicaid patients.      
                                                        
Medicaid payer mix (Mean): Average proportion of total hospital charges attributed to Medicaid patients across all available cost-reporting years.

	Medicaid payer mix (Median)
	Median proportion of total hospital charges attributed to Medicaid patients across all reporting years.

	Medicaid payer mix (Standard deviation)
	Standard deviation of the proportion of total hospital charges attributed to Medicaid patients across all reporting years.

	Medicaid payer mix (Interquartile range)
	The IQR proportion of total hospital charges attributed to Medicaid patients across all reporting years.

	Return on equity (Mean)
	Return on equity: measures how efficiently a hospital turns its total equity (fund balances) into profit.                                                                 

Return on equity (Mean): Average percentage of net income generated relative to total fund balances (equity) across all available cost-reporting years.

	Return on equity (Median)
	Median percentage of net income generated relative to total fund balances (equity) across all available cost-reporting years.

	Return on equity (Standard deviation)
	Standard deviation of the percentage of net income generated relative to total fund balances (equity) across all available cost-reporting years.

	Return on equity (Interquartile range)
	IQR of the percentage of net income generated relative to total fund balances (equity) across all available cost-reporting years.

	Current ratio (Mean)
	Current ratio measures how easily a hospital can pay its short-term bills using its short-term assets.                                                                      

Current ratio (Mean): Average liquidity ratio representing the hospital’s ability to meet short-term obligations across all available cost-reporting years.

	Current ratio (Median)
	Median liquidity ratio across all cost-reporting years.

	Current ratio (Standard deviation)
	Standard deviation of the current ratio across all reporting years.

	Current ratio (Interquartile range)
	IQR of the liquidity ratio across all cost-reporting years.

	Equity financing (Mean)
	Equity financing shows what portion of a hospital’s total assets are financed through its own funds (equity) instead of borrowed money (liabilities).       
                                                              
Equity financing (Mean): Average percentage of total hospital assets financed through equity (fund balances) across all available cost-reporting years.

	Equity financing (Median)
	Median percentage of total hospital assets financed through equity across all available cost-reporting years.

	Equity financing (Standard deviation)
	Standard deviation of equity financing ratios across all available cost-reporting years.

	Equity financing (Interquartile range)
	IQR of equity financing ratios across all available cost-reporting

	Disproportionate Share Hospital (DSH) adjustment (Mean)
	DSH percentage shows how much extra reimbursement a hospital gets for serving low-income and Medicaid patients.                                                            

DSH (Mean): Average allowable Disproportionate Share Hospital (DSH) adjustment percentage across all available cost-reporting years.

	Disproportionate Share Hospital (DSH) adjustment (Median)
	Median allowable DSH adjustment percentage across all available cost-reporting years.

	Disproportionate Share Hospital (DSH) adjustment (Standard deviation)
	Standard deviation of allowable DSH percentages across all cost-reporting years.

	Disproportionate Share Hospital (DSH) adjustment (Interquartile range)
	IQR of allowable DSH percentages across all cost-reporting years.

	Medicare discharge share (Mean)
	Medicare discharge share measures what percentage of a hospital’s total patients (discharges) covered by Medicare, the federal insurance program mainly for people aged 65 and older.       
                     
Medicare discharge share (Mean): 
 Average percentage of total hospital discharges attributed to Medicare-covered patients across all available cost-reporting years.

	Medicare discharge share (Median)
	Median percentage of discharges attributed to Medicare-covered patients across all available cost-reporting years.

	Medicare discharge share (Standard deviation)
	Standard deviation of Medicare discharge share across reporting years.

	Medicare discharge share (Interquartile range)
	IQR of Medicare discharge share across reporting years.

	Medicaid discharge share (Mean)
	Medicaid discharge share shows what percentage of a hospital’s total patients (discharges) are covered by Medicaid, the public insurance program for low-income individuals and families.  

Medicaid discharge share (Mean): Average percentage of total hospital discharges attributed to Medicaid-covered patients across all available cost-reporting years.

	Medicaid discharge share (Median)
	Median percentage of discharges attributed to Medicaid-covered patients across all available cost-reporting years.

	Medicaid discharge share (Standard deviation)
	Standard deviation of Medicaid discharge share across reporting years.

	Medicaid discharge share (Interquartile range)
	IQR of Medicaid discharge share across reporting years.

	class
	Hospital operational status.  Indicates whether the hospital remained open or had closed. Encoded as 0: Closed; 1: open 





Population and community
	Features
	Data Description

	Rural–Urban Commuting Area (RUCA)
	Rural–Urban Commuting Area (RUCA) primary code indicating the level of rurality or urban influence for the hospital’s location, based on population density, urbanization, and commuting patterns. Lower codes denote more urban areas, while higher codes denote more rural or isolated regions.

	Age group distribution (Mean)
	Base variable: Percentage of the population within specific age groups (5–14, 15–24, 25–64, and ≥65 years) in the hospital’s ZIP Code Tabulation Area (ZCTA). 


Mean: Average percentage of the population in each age group across all available reporting years (2011–2022) for each hospital.

	Age group distribution (Median)
	Median percentage of the population in each age group across all available reporting years for each hospital.

	Age group distribution (Standard deviation)
	Standard deviation of the percentage of the population in each age group across all available reporting years for each hospital, representing variability over time.

	Age group distribution (Interquartile range)
	Interquartile range (IQR) of the percentage of the population in each age group across all available reporting years for each hospital.

	Employment rate (Mean)
	Base variable: Percentage of the working-age population that is employed within the hospital’s ZCTA. 

Mean: Average employment rate across all available reporting years (2011–2022) for each hospital.

	Employment rate (Median)
	Median employment rate across all available reporting years for each hospital.

	Employment rate (Standard deviation)
	Standard deviation of the employment rate across all available reporting years for each hospital.

	Employment rate (Interquartile range)
	Interquartile range (IQR) of the employment rate across all available reporting years for each hospital.

	Unemployment rate (Mean)
	Base variable: Percentage of the working-age population that is unemployed within the hospital’s ZCTA. 

Mean: Average unemployment rate across all available reporting years (2011–2022) for each hospital.

	Unemployment rate (Median)
	Median unemployment rate across all available reporting years for each hospital.

	Unemployment rate (Standard deviation)
	Standard deviation of the unemployment rate across all available reporting years for each hospital.

	Unemployment rate (Interquartile range)
	Interquartile range (IQR) of the unemployment rate across all available reporting years for each hospital.

	Mean household income (Mean)
	Base variable: Mean household income (in U.S. dollars) within the hospital’s ZCTA. 

Mean: Average household income across all available reporting years (2011–2022) for each hospital.

	Mean household income (Median)
	Median household income across all available reporting years for each hospital.

	Mean household income (Standard deviation)
	Standard deviation of household income across all available reporting years for each hospital.

	Mean household income (Interquartile range)
	Interquartile range (IQR) of household income across all available reporting years for each hospital.

	Race/ethnicity distribution (Mean)
	Base variable: Percentage of the population identifying as each race/ethnicity category (White, Black or African American, American Indian/Alaska Native, Asian, Native Hawaiian/Other Pacific Islander, and Some Other Race) within the hospital’s ZCTA. 

Mean: Average percentage of each race/ethnicity group across all available reporting years for each hospital.

	Race/ethnicity distribution (Median)
	Median percentage of each race/ethnicity group across all available reporting years for each hospital.

	Race/ethnicity distribution (Standard deviation)
	Standard deviation of the percentage of each race/ethnicity group across all available reporting years for each hospital.

	Race/ethnicity distribution (Interquartile range)
	Interquartile range (IQR) of the percentage of each race/ethnicity group across all available reporting years for each hospital.

	Uninsured rate (Mean)
	Base variable: Percentage of individuals without health insurance within specific subgroups (e.g., age groups, sex, employment status) in the hospital’s ZCTA. 

Mean: Average uninsured rate across all available reporting years (2011–2022) for each hospital.

	Uninsured rate (Median)
	Median uninsured rate across all available reporting years for each hospital.

	Uninsured rate (Standard deviation)
	Standard deviation of uninsured rates across all available reporting years for each hospital.

	Uninsured rate (Interquartile range)
	Interquartile range (IQR) of uninsured rates across all available reporting years for each hospital.



