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MOTIVATION

 1/3 of healthcare spending is wasted

 One way to reduce waste is to decrease hospital readmissions

 Nursing homes are a major source of hospital admissions because they serve an elderly population 

who often have a complex mix of chronic and acute illnesses.

 Increasingly, policy and insurance companies are financially penalizing readmissions

 How do we decrease readmissions from nursing homes? 



DATASET

 CMS Nursing Home Compare

 Engineered features: occupancy

MSR_521_SCORE_ADJUSTED

MSR_522_SCORE_ADJUSTED

MSR_523_SCORE_ADJUSTED

PROVIDER_STATE

OWNERSHIP_TYPE

NUMBER_OF_CERTIFIED_BEDS

NUMBER_OF_RESIDENTS_IN_CERTIFIED_BEDS

TOTAL_WEIGHTED_HEALTH_SURVEY_SCORE

NUMBER_OF_FACILITY_REPORTED_INCIDENTS

NUMBER_OF_SUBSTANTIATED_COMPLAINTS

PROVIDER_RESIDES_IN_HOSPITAL

CYCLE_1_TOTAL_NUMBER_OF_HEALTH_DEFICIENCIES

CYCLE_1_NUMBER_OF_STANDARD_HEALTH_DEFICIENCIES

CYCLE_1_NUMBER_OF_COMPLAINT_HEALTH_DEFICIENCIES

CYCLE_1_HEALTH_DEFICIENCY_SCORE

CYCLE_1_NUMBER_OF_HEALTH_REVISITS

CYCLE_1_HEALTH_REVISIT_SCORE

CYCLE_1_TOTAL_HEALTH_SCORE

CYCLE_2_TOTAL_NUMBER_OF_HEALTH_DEFICIENCIES

CYCLE_2_NUMBER_OF_STANDARD_HEALTH_DEFICIENCIES

CYCLE_2_NUMBER_OF_COMPLAINT_HEALTH_DEFICIENCIES

CYCLE_2_HEALTH_DEFICIENCY_SCORE

CYCLE_2_NUMBER_OF_HEALTH_REVISITS

CYCLE_2_HEALTH_REVISIT_SCORE

CYCLE_2_TOTAL_HEALTH_SCORE

CYCLE_3_TOTAL_NUMBER_OF_HEALTH_DEFICIENCIES

CYCLE_3_NUMBER_OF_STANDARD_HEALTH_DEFICIENCIES

CYCLE_3_NUMBER_OF_COMPLAINT_HEALTH_DEFICIENCIES

CYCLE_3_HEALTH_DEFICIENCY_SCORE

CYCLE_3_NUMBER_OF_HEALTH_REVISITS

CYCLE_3_HEALTH_REVISIT_SCORE

CYCLE_3_TOTAL_HEALTH_SCORE

TOTAL_HEALTH_DEFICIENCY_SCORE

TOTAL_FINE_AMT

NUM_PAYMENT_DENIALS

NUM_OF_PENALTIES

STAFFING_RATING_x

RN_STAFFING_RATING_x

CNA_HOURS

LPN_HOURS

RN_HOURS

TOTAL_NURSE_HOURS

HEALTH_INSPECTION_RATING

STAFFING_RATING_y

RN_STAFFING_RATING_y



DATA EXTRACTION AND TRANSFORMATION

 Did not impute

 Transformations/pivots

 Convert response variables from percentage score to logits



NURSING HOME READMISSION ANALYSIS

 Variable Selection Methods

 Random Lasso 

 Recursive Feature Elimination

 Random Forest Feature Ranking

 Mean Ranking Score
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data!
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VARIABLE SELECTION

 Variable Selection Methods

 Random Lasso 

 Recursive Feature Elimination

 Random Forest feature Ranking

 Mean Ranking Score



VARIABLE SELECTION



MODELING – INITIAL LINEAR REGRESSION



MODELING – LINEAR REGRESSION AFTER REMOVING HIGH 

LEVERAGE POINTS



MODELING – BETA REGRESSION

 Used for percentage or ratio 

predictors where range is 

between 0-1



CONCLUSION



CONCLUSION

 Variable selection explained ~13% of the variation

 MSE similar between training and test, model does not over or under fit

 Training MSE: 0.0703

 Test MSE: 0.06669

 Using the beta regression, inferences:

Variable Variable action Response action

Number of complaints increase increase

Health Deficiency Score increase decrease

Occupancy increase decrease

CNA staff 

hours/resident/day

increase decrease

LPN staff 

hours/resident/day

increase increase

RN staff hours/resident/day increase decrease



CONCLUSION

 LPN/RN/CNA inferences

 Increased LPN hours per resident increase the re-admittance rate

 Increased LPN hours per resident are negatively correlated with RN and CNA hours



MOVING FORWARD

 Several variables explain ~13% of variation in readmissions from nursing homes back to hospitals 

 Other potential factors:

 Admission accepted 24/7/365

 Participation in first fill prescription program

 EHR access

 Mandatory case review

 Communication with PCP

 Implement care pathways

 Transition planning

 Phone calls made to patients who transition home

 Scheduling medical appointments prior to transition home

 Interaction term with RN/LPN/CPN hours



We would now be happy to avoid your questions





APPENDIX

 VIF for Linear Model



APPENDIX

 Residuals Plot for Linear Model 

 Does not appear to violate assumptions of linear model (mean of zero, constant variance, no correlation of error terms)

Mean = 8.14*10^-18



APPENDIX

 Studentized Residuals Plot for Linear Model

 Does not appear to be outliers



APPENDIX

 Leverage

 7 high leverage point that should be removed



APPENDIX

 Looking for high leverage points part 2

 7 high leverage point that should be removed



APPENDIX

 Linear regression model results with interaction term

Net Effect of Increase by One on Logit

CNA -0.0198953

LPN 0.0783406

RN -0.495969


