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About Me

• Ph.D. Virginia Tech (2005)

• Assistant / Associate / Full Professor, Oklahoma State

• 65% Extension / 25% Research / 10% Teaching
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• Rural Economic Development (undergrad)
• Spatial Econometrics (graduate) 

Google Scholar Profile 



Mostly Focused on Broadband! 
 
So Why Rural Hospital Trends??

• Rural health an important topic in the general regional science / ag econ field

• Ties in with my broader focus on technology / policy evaluation

• Good fit with land-grant mission
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Agenda: 2 Topics
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Recently-published paper on 
shifting “service lines” among 
rural hospitals and the 
resulting impact on profitability

Ongoing project related to 
Artificial Intelligence use by 
hospitals

- What changes make economic sense? 

- Rural – urban differences in specific tasks?
- Determinants of AI adoption in rural hospitals
- Potential impacts of AI use by rural hospitals 



Broader Rural Hospital Landscape

AI summary: 
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Current Policy Environment
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- Significant cuts to Medicaid in “One Big Beautiful Bill”

- Rural Health Transformation Fund dramatically changes funding process

- $50 Billion awarded to states over 5 years

- Base allotment of $500 million / state (same for VT / TX!) 



Rural Hospital Service Lines: Changes 
Over Time and Impacts on Profitability

• Background & Recent Literature

• Data & Methods

- Medicare Cost Reports, 2010 – 2021

- Panel Event Study

- Results & Robustness Checks

- Conclusion

7Full paper available: http://dx.doi.org/10.1097/JHM-D-24-00012 
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Background

- Existing literature largely focuses on survival / closure of rural hospitals and resulting 

impact on healthcare access

- Recognition that financial pressures impact hospital’s ability to provide specific types 

of hospital services

- Clear patterns for rural hospitals over past several decades: 

- Reduction in inpatient volume

- Changes in revenue sources (growing outpatient share)

- Affiliation with larger health systems
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Escalating Pressure to Control 
Costs / Maximize Revenue



Shifting Service Lines

- Shifts documented by John et al. (2022) and Oyeka 

et al. (2023) 

- 2009 – 2017: More cardiology, pain management but less 

skilled nursing, birthing

- 2008 – 2020: Service additions more frequent in hospitals 

that left health care systems. Majority of service losses 

occurred in hospitals that joined systems. 
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No peer reviewed studies on IMPACT 
of these shifts on hospital finances



Data 

- Center for Medicare and Medicaid Service (CMS) Healthcare Cost Report 

Information System (HCRIS)

- Medicare Cost Reports compiled by each individual hospital

- Compiled by RAND Corporation for 1996-2021

- Include larger share of rural hospitals than voluntary AHA annual surveys

- Limited analysis to subset of all hospitals:

- Only hospitals with complete annual data for 2010 – 2021

- Only hospitals defined as “rural” by Federal Office of Rural Health Policy

- RUCA codes ranging from 4-10 OR

- RUCA codes 2-3 with population density < 35 people / square mile

- Only hospitals that did not switch payment classifications during this period
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https://www.hospitaldatasets.org/ 

Critical Access Hospital
Medicare Dependent Hospital

Sole Community Hospital
Prospective Payment System

Rural Referral Center

https://www.hospitaldatasets.org/


Data (cont’d)

- Dependent variable: Operating Margin

- Commonly used to assess profitability in rural hospitals

- Strong predictor of hospital closure BUT useful to assess trends 

over time

- Control variables:

- Occupancy rates

- Medicare charge-to-cost ratio (inpatient, outpatient)

- Healthcare system affiliation (dummy)

- State participation in Medicaid Expansion (dummy)

- Kaiser Family Foundation

- Time of entry important
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=
𝑛𝑒𝑡 𝑖𝑛𝑐𝑜𝑚𝑒

𝑟𝑒𝑣𝑒𝑛𝑢𝑒

Only from patient care;
not cafeterias / gift shops

1,901 hospitals 
12-year period of analysis

22,812 observations

FINAL DATASET:



Hospital Summary Statistics
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What Service Lines to Consider?

- HCRIS contains data on 37 inpatient or ancillary “cost centers”

- Documented changes in % of rural hospitals offering each service

- Limited analysis to those that appeared in at least 10% of rural hospitals (any year)

- Service lines of interest defined as those that were added or removed by at least 

5% of hospitals over the analysis period.  

- Used those services in the panel event study analysis
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Changes in Rural Hospital Service Lines, 
2010-2021
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Nearly universal

Dramatic increases

Dramatic reductions

12 service lines of interest



Rural Hospital Service Line Changes 
Across Payment Classifications 
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Many lost Skilled 
Nursing Facilities

% with Rural Health Clinic 
more than doubled



A Problem…Adding / Removing 
Multiple Service Lines
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Methods

- Panel Event Study (Clarke and Tapia-Schythe, 2022):
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𝑦ℎ𝑡 = 𝛼 + ෍

𝑗=2

𝐽

𝛽𝑗 𝐿𝑒𝑎𝑑 𝑗 ℎ𝑡 + ෍

𝑘=1

𝐾

𝛾𝑘 𝐿𝑎𝑔 𝑘 ℎ𝑡 + 𝜃ℎ + 𝛿𝑡 + 𝜌𝑋ℎ𝑡 + 𝜀ℎ𝑡

Operating margin for 
hospital h in year t

Hospital fixed effect

Year fixed effect

Time-varying control 
vector X (occupancy rate, 

system affiliation, etc.)

Event takes place in 
final “lead” (j = 1)

Dummies for years 
leading up to addition / 
removal of line

Dummies for years 
after addition / 
removal of line

Treated: Hospitals that added 
(removed) service line of interest

Control: Only hospitals NEVER offering 
service (for additions); Only hospitals 
ALWAYS offering service (for removals)

Should all be 0 if there 
are no differences 
between treated / 
control before change!



Results – ADDED Service Lines (6)

18

Control variables behave as expected:
- (+) impact of higher occupancy rates
- (+) impact of outpatient charge – cost ratio
- (+) impact of state Medicaid Expansion 



Results – ADDED Service Lines (6)
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Lead coefficients largely 
insignificant

Some positive (and 
negative!) impacts after 
addition



Results – ADDED Service Line 
Event-Study Plots
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Rural Health Clinic Traditional Clinic

Year prior to change



Results – ADDED Service Line 
Event-Study Plots
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CT Scan MRI Scan

Year prior to change



Results – ADDED Service Line 
Event-Study Plots
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Occupational Therapy Speech Pathology

Year prior to change



Results – REMOVED Service Lines (6)
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Control variables still behave as expected:
- (+) impact of higher occupancy rates
- (+) impact of outpatient charge – cost ratio
- (+) impact of state Medicaid Expansion 



Results – ADDED Service Lines (6)
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Lead coefficients largely 
insignificant

Only removal of Delivery 
Room has any impact



Results – REMOVED Service Line 
Event-Study Plots
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Delivery Room Intensive Care Unit

Year prior to change



Robustness Checks
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Clarke and Tapia-Schythe Callaway and Sant-Anna

Rural Health Clinic

Comparison with Callaway and Sant-Anna 
(2021) correcting for problematic variation in 
treatment timing (“forbidden comparisons)



Robustness Checks
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Clarke and Tapia-Schythe Callaway and Sant-Anna

MRI Scan

Comparison with Callaway and Sant-Anna 
(2021) correcting for problematic variation in 
treatment timing (“forbidden comparisons)



Robustness Checks
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Clarke and Tapia-Schythe Callaway and Sant-Anna

Delivery Room

Comparison with Callaway and Sant-Anna 
(2021) correcting for problematic variation in 
treatment timing (“forbidden comparisons”)



Other Robustness Checks

- Common combinations of service changes
- MRI and CT scans:  operating losses similar to those for each service individually

- Delivery rooms and Nurseries: operating margin increases by year 6-7

- Shortened period of analysis to 2010 – 2019

- Avoid overlap with COVID-19 (some geographies hit harder)

- Largely similar results

- Restrictions to system affiliated vs. independent rural hospitals

- Impact of line changes more pronounced for independent hospitals

- Alternative control groups:

- Hospitals adding service lines vs. those that always had it

- Hospitals removing service lines vs. those that never had it
29

More likely to be different prior to 
treatment but converge after



Conclusion

- Service line changes are common across rural U.S. hospitals

- 6 services added / 6 removed by more than 5% of hospitals during 2010-2021 period

- Most frequently added: rural health clinics

- Most frequently removed: delivery rooms

- Addition / subtraction of most of these services did not have meaningful impact on hospital 

operating margins!

- May be disappointing for hospital administrators looking for “quick fix”

- Only rural health clinic addition / delivery room removal had positive effect on operating margin

- Some had negative impacts!  High cost of MRI / CT equipment may be to blame

- Not able to assess drivers of these findings (capital or labor categories) given data 

constraints
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Rural Hospital AI Use & Evaluation

• Background

• AI & Healthcare in the press

• AI Definition

• Current Literature

• Results

• “So what?”
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Background

- Summer of 1956

- Dartmouth Conference on 

Artificial Intelligence hosted 

first formal discussions on AI

- Framingham Heart study laid a 

foundation for predictive 

models in healthcare
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Dartmouth Conference participants; many referred to as “founding fathers” of AI

Framingham, MA around the time the study began



- Acute Physiology and Chronic Health Evaluation (APACHE)

- 1981: APACHE I, 1985: APACHE II, 1991: APACHE III, 2006: APACHE IV

- Estimates illness severity/mortality among Intensive Care Unit patients

- Initially hard to implement with different health recordkeeping systems.

- 2009 Health Information Technology for Economic and Clinical Health (HITECH) Act

- Provided incentive payments for hospitals that used electronic health records

- Established 62 Regional Extension Centers to train hospital staff

- A year before passing the act 4.6% of rural hospitals used EHRs, 3 years after a third did

- Advance Alert Monitor (AAM)

- Created by Kaiser Permanente in 2013, uses machine learning

- Over 500 deaths per year prevented
33

Bill Knaus, APACHE inventor
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AI & Healthcare in the Press
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AI Defined

- According to the European Commission (2018), AI “refers to systems that display intelligent 

behavior by analyzing their environment and acting, with some degree of autonomy, to 

achieve specific goals”

- For the first time in 2023, the American Hospital Association Annual Survey’s Information 

Technology supplement included multiple questions on “machine learning or predictive 

model” use

- Marked the first large-scale data collection on AI use in the United States healthcare industry
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AHA Annual Survey IT Supplement

- Rural hospitals in 

particular benefit from 

evaluating whether 

predictive models are 

valid for their specific 

subset of patients (which 

may be unique from the 

sets of patients, typically 

in larger cities, which 

models were trained on)
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Ongoing project related 
to Artificial Intelligence 
use by hospitals

- Rural – urban differences in specific tasks?
- Determinants of AI adoption in rural hospitals
- Potential impacts of AI use by rural hospitals 
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Current Literature

- Descriptive statistics (see table) show 

that some AI uses are more common 

than others: 

- Predicting inpatient health trajectories (92%)

- Automate billing (36%) 

- Nong et al. also ran 2 weighted 

multivariate Poisson regressions with a 

binary outcome to analyze AI use & 

evaluation



39

Nong et al. (2025)

- Weighted multivariate Poisson 

regressions to analyze AI use & 

evaluation

- Use was associated with many variables, 

including top quintile operating margins 

(RR=1.27), being urban (rural hospital 

RR=0.90), being a system member 

(RR=2.31), & having 400 beds or more 

(RR=1.23)

- Though less extreme, these relationships 

are the same (besides size) for an AI 

evaluation dependent variable
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Results

- Comparing 

descriptive 

statistics 

across urban 

and rural 

hospitals

Rural Higher!

Rural Less Likely to 
Evaluate for Bias
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Results

- For only rural 

hospitals, 

comparing 

descriptive 

statistics 

across CAH, 

MDH, SCH 

and none of 

the above 

categories
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Regression
Results

- Logistic regression 

(not Poisson as in 

Nong et al.)

- As such, odds 

ratios (not relative 

risks) are provided

- Weights for 

nonresponse bias 

derived from a 3rd 

multivariate logistic 

regression
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So what? Potential Impacts of AI Use

- Coarsened Exact Matching (CEM) procedure allows for comparison among treated (AI users) and 
control (non-AI users)

- Bins for: operating margins, Medicare inpatient discharge share, system membership, ownership type, number of beds

- 2022 data was used in previous logit regressions; 2023 data on FTE employees, operating margins, 
total salaries was added to create 1-year change variables

- A two-year change variable would be preferred, but 2024 Medicare data is only partially released.

- Univariate regressions run on all observations that were matched using CEM weights (2,077 rural 
and urban hospitals used, while 239 were unmatched/dropped)

Preliminary Results (all hospitals)

- FTE Employees: No significant relationship

- Operating Margins: 0.0080 increase for AI users (0.0195 treated vs 0.0115 control) - 
significant at the 10% level

- Total Salaries: $7.5M (roughly 6%) increase for AI users - significant at the 1% level



Thank You!  

Questions / Comments?

brian.whitacre@okstate.edu   
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mailto:brian.whitacre@okstate.edu
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Nonresponse Bias Weighting 
Results

- Derivation of 

weights shown:
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