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A. ICD-9-CM and ICD-10-CM codes for UTI and pneumonia
Based on the Clinical Classifications Software from Healthcare Cost and Utilization Project1, Chronic Conditions Algorithms from Chronic Conditions Warehouse2, and literature search3, we created a list of ICD-9-CM and ICD-10-CM codes that were used to identify urinary tract infections and pneumonia from hospital and SNF claims in MedPAR, as well as from the open-text field I8000 in MDS. Please see Appendix Table 1 for the complete list of diagnosis codes. Among primary hospital UTI diagnosis claims, the most common diagnoses were “urinary tract infection, site not specified” (599.0 for ICD-9-CM and N390 for ICD-10-CM) and “infection and inflammatory reaction due to indwelling urinary catheter” (996.64 for ICD-9-CM and T83.511A for ICD-10-CM), which took up 74.4% and 17.4% of the claims respectively. Among primary hospital pneumonia diagnosis claims, the most common diagnosis was “pneumonia, unspecified organism” (486 for ICD-9-CM and J18.9 for ICD-10-CM), which took up 78.9% of the claims.

B. Creations of hospital claims and SNF claims samples by linking claims to MDS assessments
Appendix Figures S1 and S2 describe the count of UTI or pneumonia hospital claims in each step of identifying UTI or pneumonia events that occurred in nursing homes by linking hospital claims to Minimum Data Set (MDS) assessments at the resident level. Appendix Figure S3 describes the count of UTI or pneumonia Skilled Nursing Facility (SNF) claims in each step of linking SNF claims to MDS assessments. Our analytical sample is in gray boxes.

C. Creation and interpretation of individual-level and nursing home-level race and dual status variables
Using the centering within context (CWC) method4, we created individual-level and nursing home-level race and dual status variables to explore how much of the reporting differences, if at all, were associated with nursing home mix of race or residents’ own race (the same for dual status). 

The dual status variable was a binary indicator of whether the beneficiary was dually eligible for Medicare and Medicaid in the month of hospital admission as identified from Master Beneficiary Summary File (MBSF). First, using all MDS assessments and MBSF data for 100% sample of Medicare fee-for-service beneficiaries, we calculated the percentage of dually eligible residents in each nursing home, which was the dual status variable at the nursing home level. We then derived the individual-level dual status variable by subtracting the percentage of dually eligible residents from the binary indicator. Therefore, the coefficient of the individual-level dual status variable represents the difference in reporting rate between a dually eligible resident and a non-dually eligible resident in the same nursing home (or conditioning on the nursing home proportions of residents who are dually eligible for Medicare and Medicaid); this is the within effect of dual status. The coefficient of the nursing home-level dual variable measures the mean difference of reporting rates for a nursing home composed entirely of dually eligible residents and one composed of no such residents; this is the between effect of dual status.

Race was a categorical variable denoted as  with  categories,  for claim  and  for nursing home , and we created a dummy code for each race category , with group  as the reference group. First, we used all MDS assessments for a 100% sample of Medicare fee-for-service beneficiaries to calculate nursing home race mix, , each representing the percentage of Medicare fee-for-service beneficiaries in nursing home that belonged to race , e.g., the percentage of Medicare fee-for-service beneficiaries who are Black in nursing home. Second, we created the individual-level race variable by subtracting the nursing home race mix variable from the dummy code for each  group, e.g., , … to . The coefficient of individual-level race variable should be interpreted as the average differences in reporting rate between residents who belong to race and residents who belonged to the reference race, which was White in our model, holding nursing home race mix fixed. The coefficient of nursing home-level race variable  measured the mean difference of reporting rates between a nursing home composed entirely of residents who belong to race  and of residents who are White.

D. Logistic multilevel model specifications and results 
We built a multilevel logistic model with nursing home random intercepts, adjusting for individual-level variables of sex, age, disability, comorbidity score, and chronic conditions, and nursing home-level variables of nursing home ownership, size, region, and individual-level and nursing home-level variables of Medicare-Medicaid dual status and race, as well as year indicators. 

The model specification was as the following:




where  was the binary indicator of whether nursing home  reported UTI or pneumonia identified by hospital claim , and  was a vector of individual-level variables except for dual status and race,  a vector of nursing home-level variables and year indicators except for dual status and race.  and were the coefficients for individual-level dual status and race, the within-nursing home effect of dual status and race on reporting;  and  were coefficients for nursing home-level variables for dual status and race, the between-nursing home effect of dual status and race on reporting. We ran the model separately for long-stay and short-stay residents. Appendix Table 2 shows the regression results, and all coefficients should be interpreted as log odds ratios. Holding nursing home race mix fixed, black residents on average have lower reporting rates for UTI and pneumonia than White residents. On the nursing home level, a nursing home with higher percentage of Black or Hispanic residents is associated with lower reporting rates. Moreover, the model indicates that MDS reporting rate on UTI was decreasing across 2011 – 2017 when holding other variables fixed, whereas the trend for reporting rate on pneumonia was less apparent.

E. Logistic model with nursing home fixed effects
As a sensitivity analysis to the nursing home random effects model, we built a logistic model with nursing home fixed effects to assess the robustness of estimates on coefficients for resident-level covariates such as race. The model was similar to the multilevel model except that we dropped all nursing home level covariates and used dummy variables for individual-level race and dual status variables. Standard errors were clustered at the nursing home level. 

Appendix Table 3 shows the results for all coefficients from the fixed effects model. Fewer than 15% of the observations were dropped from the original sample because there was no variation of the outcome within nursing homes, i.e., the nursing home didn’t report any of the UTI or pneumonia. Nearly all estimates were similar in magnitude and statistical significance with estimates from the random effects model. The random effects and fixed effects models rendered similar results for individual-level covariates, whereas the random effects model allowed for additional analysis on nursing home-level covariates; hence, we used the random effects model in our main analysis.

F. Sensitivity analysis: Reporting rates for secondary UTI/pneumonia hospital diagnosis claims
Apart from primary UTI and pneumonia hospital claims, we identified secondary hospital claims as MedPAR hospital claims with a present-on-admission UTI or pneumonia diagnosis in any secondary diagnosis code. We applied the same linkage method to these secondary hospital claims to construct a sample of infection events that started from nursing home and led to hospitalization. Different from our primary hospital claims sample, secondary hospital claims included nursing home residents who had UTI or pneumonia as a comorbid condition during hospitalization. Since residents were primarily hospitalized and treated for other medical conditions, secondary UTI or pneumonia diagnosis could be less accurate and infections were more likely to be developed during hospitalization rather than during nursing home stay, even though we restricted to only present-on-admission infection cases. Nevertheless, it is meaningful to assess nursing home reporting of infections identified by these claims. 

Appendix Table 4 presents reporting rates of UTI and pneumonia in MDS for the secondary hospital claims sample. We identified 967,223 and 339,114 secondary UTI and pneumonia hospital claims. Reporting rates were lower compared with those from primary hospital claims by 5.9% (short-stay) and 5.7% (long-stay) for UTI, and the differences were larger than 10% if counting post-hospitalization MDS. Reporting rates for pneumonia were lower by 16.7% (short-stay) and 16.8% (long-stay) compared with those for primary hospital claims. Inconsistencies still existed in the same MDS for infections identified by secondary hospital claims. In 1.7% (short-stay) and 1.1% (long-stay) of UTI hospitalizations, nursing homes documented UTI on open-text field I8000 but not on I2300; in 2.4% (short-stay) and 2.8% (long-stay) of pneumonia cases, nursing home reported pneumonia on I8000 but not on I2000.

G. Sensitivity analysis: Reporting rates for UTI without the readmission restriction
For both UTI and pneumonia in the main analysis, we required residents to return to the same nursing home within 1 day after hospitalization. Not only would nursing homes be more familiar with these residents, but we can also assess reporting accuracy on post-hospitalization MDS assessments. For UTI, we found that reporting rates more than doubled to 62.4% (short-stay) and 54.7% (long-stay) if counting post-hospitalization MDS, which meant nursing homes were more likely to report UTI after hospitalization. However, if residents didn’t return to the same nursing home after hospitalization, the discharge MDS would be their last assessment in the nursing home. Therefore, in this sensitivity analysis, we assessed reporting of UTI on discharge MDS for residents who didn’t return to the same nursing home (this population is denoted by number (1) and (2) boxes in Appendix Figure S1), in order to assess the degree of underreporting of UTI for this population. There were in total 59,701 primary UTI hospital claims identified for residents who didn’t return to the same nursing home within 1 day after hospital discharge in 2011 – 2017. The reporting rate of UTI on discharge assessments linked to these claims was only 26.8%. Therefore, a significant percentage of UTI were unreported for this population.

H. Sensitivity analysis: Reporting rates stratified by ICD-9-CM and ICD-10-CM
In this sensitivity analysis, we separately calculated reporting rates in 2011 – 2015 and in 2016 – 2017 to assess the robustness of results within the two time periods when there was a transition of the diagnosis coding system. Appendix Table 5 and Appendix Table 6 presents the reporting rates. Reporting rates in both tables were consistently low, and the decrease of reporting rates for UTI from 2011 – 2015 to 2016 – 2017 corresponds to the negative year effects shown in the nursing home random effects model in Appendix Table 2. 

I. Code description
Below is a description of code scripts for this study. All code listed below is available at <link removed for blinded review>. 

We used SAS 9.4, Stata/MP 17.0, and Python 3.8 for this analysis.

Step 1: Identify infection claims for UTI and pneumonia from hospital and SNF claims in MedPAR
	Script Name
	Infection type
	Description
	Input
	Output

	medpar_infections_noadmission.py
	UTI & pneumonia
	Identify UTI and pneumonia hospital claims from MedPAR hospital claims data according to diagnosis code and their corresponding POA indicators for the diagnosis code. These claims are categorized as primary (principal diagnosis code), second (the second diagnosis code), and secondary (any remaining secondary diagnosis code) UTI or pneumonia claims. Later, the second and the secondary claims were combined into the secondary diagnosis claims.
	MedPAR data for 100% sample of Medicare fee-for-service beneficiaries in 2011 - 2017 
	parquet files in 
primaryUTI/
secondUTI/
secondaryUTI/
primaryPNEU/
secondPNEU/
secondaryPNEU/

	merge_mbsf.py
	UTI & pneumonia
	Merge UTI and pneumonia hospital claims with Master Beneficiary Summary File (MBSF) for patient characteristics and subset the population to only fee-for-service beneficiaries.
	Output from medpar_infections_noadmission.py and MBSF data
	parquet files in 
primaryUTI_MBSF/
secondUTI_MBSF/
secondaryUT_MBSFI/
primaryPNEU_MBSF/
secondPNEU_MBSF/
secondaryPNEU_MBSF/

	snf_infections.py
	UTI & pneumonia
	Identify primary SNF claims from MedPAR where the first or the second diagnosis code is related to UTI or pneumonia.
	MedPAR data for 100% sample of Medicare fee-for-service beneficiaries in 2011 - 2017 
	parquet files in 
SNFprimaryUTI/
SNFprimaryPNEU/

	merge_snf_mbsf.py
	UTI & pneumonia
	Merge SNF claims with Master Beneficiary Summary File (MBSF) for patient characteristics and subset the population to only fee-for-service beneficiaries.
	Output from snf_infections.py and MBSF data
	parquet files in SNFprimaryUTI_MBSF/
SNFprimaryPNEU_MBSF/



Step 2: Link infection claims with MDS assessments
	Script Name
	Infection type
	Description
	Input
	Output

	merge_mds.py
	UTI & pneumonia
	Merge UTI and pneumonia hospital claims with nursing home MDS to identify residents discharged from nursing home and admitted to hospital within 1 day and to extract discharge MDS information (for UTI claims only because pneumonia is not reported on discharge assessments) for these residents.
	Output from merge_mbsf.py
	parquet files in 
CDISCHRG/

	select_samenh.py
	UTI
	For the UTI analytical sample, select residents who returned to the same nursing home within 1 day after hospital discharge.
	Output in CDISCHRG/
	parquet files in CDISCHRG_SAMENH/

	select_reenter.py
	Pneumonia
	For the pneumonia analytical sample, select residents who returned to the same nursing home within 1 day after hospital discharge and merge MDS completed after readmission to the nursing home within 7 days of hospital discharge.
	Output in CDISCHRG/
	parquet files in CREENTER/

	merge_snf_mds.py (merge_snf_mds_pneu.py)
	UTI & pneumonia
	Merge SNF claims with MDS assessments within the beneficiaries' stay at the nursing home.
	Output in
SNFprimaryUTI_MBSF/
SNFprimaryPNEU_MBSF/
	parquet files in 
SMDS/




Step 3: Merge individual- and nursing home-level covariates
	Script Name
	Infection type
	Description
	Input
	Output

	merge_mbsfcc.py
	UTI & pneumonia
	Get residents' chronic conditions from Master Beneficiary Summary File Chronic Condition (MBSFCC).
	Output in CDISCHRG_SAMENH/ (or CREENTER/) and MBSFCC data
	parquet files in CDISCHRG_SAMENH_CC/

	identify_sl_residents.py
	UTI & pneumonia
	Identify long-stay vs short-stay nursing home residents. If residents had a 5-day PPS assessment within 100 days before discharge assessment, they were short-stay residents. Otherwise, they were identified as long-stay residents.
	Output in CDISCHRG_SAMENH_CC/ and MDS
	parquet files in CDISCHRG_SL/

	get_comorb_claims.py
	UTI & pneumonia
	Create data frames with all diagnosis codes within a year of hospitalization for residents in analytical samples. These datasets were used to calculate comorbidity score.
	Output in CDISCHRG_SL/
	csv files in DX/

	create_comorbidity.sas
	UTI & pneumonia
	Create Charlson/Elixhauser comorbidity score.
	csv output in DX/
	comorbidity.csv for primary UTI, secondary UTI, primary pneumonia, and secondary pneumonia claims

	merge_facility_data.py
	UTI & pneumonia
	Merge denominator files with LCTFocus and CASPER for facility-level variables.
	Output in CDISCHRG_SL/
	parquet files in CDISCHRG_FAC/

	merge_star.py
	UTI & pneumonia
	Merge NHC star-ratings, quality ratings and urinary tract infection quality measures with denominator files. Create claims-based UTI and pneumonia rate for each nursing home.
	Output in CDISCHRG_FAC/
	parquet files in CDISCHRG_STAR/

	merge_readmission.py
	UTI
	Merge the earliest post-hospitalization MDS from the same nursing home completed within 30 days after hospital discharge to UTI hospital claims sample.
	Output in CDISCHRG_STAR/
	parquet files in CREADMISSION_UTI

	construct_model_data.py
	UTI & pneumonia
	Construct patient- and facility-level variables and output final datasets for analysis.
	Output in CDISCHRG_STAR/ and CREADMISSION_UTI
	csv files in FINAL/new/

	construct_snf_final_data.py
	UTI & pneumonia
	Clean the SNF denominator file for final analysis.
	Output in 
SMDS/
	parquet files in 
FINAL/SMDS/



Step 4: Create exhibits
	Script Name
	Infection type
	Description
	Input
	Output

	exhibit2.py
	UTI & pneumonia
	Create descriptive statistics for residents’ demographics for primary UTI and pneumonia hospital claims.
	Output in FINAL/new/
	

	exhibit3.py
	UTI & pneumonia
	Calculate reporting rates of UTI and pneumonia cases on discharge or post-hospitalization MDS. Calculate nursing home-level reporting rates for UTI and pneumonia.
	Output in FINAL/new/
	hos_claims_count.csv
hos_claims_reporting.csv
NHReporting.csv

	exhibit3_weighted.py
	UTI & pneumonia
	Calculate the 25th and 75th percentile of nursing home reporting rates of UTI and pneumonia weighted by the number of claims.
	NHReporting.csv
	quintileReporting.csv

	model.do
	UTI & pneumonia
	Built the logistic multilevel model and estimated predictions of reporting rates.
	Output in FINAL/new/
	longstay/shortstay_regression_results.csv
longstay/shortstay_preditions.csv

	exhibit5.py
	UTI & pneumonia
	Create a table of quintiles of hospital claims-based infection rates and the mean of NHC MDS-based ulcer measures and star-ratings within each quintile, as well as correlations between claims-based and MDS-based measures for each year.
	Output in FINAL/new/
	exhibit5_main_pneu/uti_rate_medicare{year}_quintile_QM.csv
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	Appendix Table 1. ICD-9-CM and ICD-10-CM diagnosis codes for urinary tract infection and pneumonia

	Outcome
	ICD-9-CM
	ICD-10-CM

	Urinary tract infection
	590.00 590.01 590.10 590.11 590.2 590.3 590.80 590.81 599.0 595.0 595.1 595.2 595.4 595.81 595.89 595.9 597.0 597.80 597.81 597.89 996.64 
	N30.00 N30.01 N30.10 N30.11 N30.20 N30.21 N30.80 N30.81 N30.90 N30.91 N34.0 N34.1 N34.2 N34.3 N11.0 N10 N15.1 N28.85 N13.6 N16 N39.0 T83.511A 

	Pneumonia
	382 480.0 480.1 480.2 480.3 480.4 480.8 480.9 481 482.0 482.1 482.2 482.3 482.30 482.31 482.32 482.39 482.40 482.41 482.42 482.49 482.81 482.82 482.83 482.84 482.89 482.9 483.0 483.1 483.8 484.1 484.3 484.5 484.6 484.7 484.8 485 486 487.0 488.01 488.11 488.81 
	A40.3 B77.81 J12.0 J12.1 J12.2 J12.3 J12.81 J12.89 J12.9 J13 J14 J15.0 J15.1 J15.20 J15.211 J15.212 J15.29 J15.3 J15.4 J15.5 J15.6 J15.7 J15.8 J15.9 J16.0 J09.X1 J10.00 J10.01 J10.08 J11.00 J11.08  J16.8 J17 J18.0 J18.1 J18.8 J18.9 





Appendix Figure 1. Flowchart of identifying UTI events in nursing home from primary hospital UTI diagnosis claims

 
All Medicare inpatient hospital claims
105,754,071
Linked with MDS Discharge Assessments
# of claims for the final sample, removing last three months in 2015 and observations with missing values
249,906
# of claims for NH residents long before/discharged before UTI
 452,370                                                                                                                                                                
# of claims for patients who have been NH residents
1,142,773
Did not return to the same NH after hospitalization
17,412 (2)
# of claims for NH residents during UTI who returned to NH within 1 day
289,667
# of claims for NH residents returning to the same NH within 1 day after hospitalization
272,255
Did not return to NH or returned more than 1 day after hospitalization
42,289 (1)
# of claims for NH residents during UTI with discharge assessments
331,956
# of claims for NH residents during UTI with no discharge assessments
11,223
# of claims for NH residents after UTI
347,224
# of claims with UTI as primary diagnosis for fee-for-service beneficiaries
2,013,783

Appendix Figure 2. Flowchart of identifying pneumonia events in nursing home from primary hospital pneumonia diagnosis claims

 
All Medicare inpatient hospital claims
105,754,071
# of claims for NH residents during pneumonia with no discharge assessments
10,174
# of claims for NH residents after pneumonia and others
402,595
# of claims for NH residents long before/discharged before pneumonia
376,368                                                                                                                                                      
# of claims with pneumonia as primary diagnosis for fee-for-service beneficiaries
2,909,633
# of claims for NH residents during pneumonia with discharge assessments
370,760
Did not return to NH or returned more than 1 day after hospitalization
87,926
# of claims for NH residents returning to the same NH within 1 day after hospitalization
270,411
Linked with MDS Discharge Assessments
# of claims for NH residents during pneumonia who returned to NH within 1 day
282,834
Did not return to the same NH after hospitalization
12,423
# of claims for patients who have been NH residents
1,159,897
# of claims for NH residents returning to the same NH within 1 day after hospitalization and linked with a MDS with pneumonia item within 7 days
203,284
# of claims for the final sample, removing last three months in 2015 and observations with missing values
183,139

Appendix Figure 3. Flow chart of identifying UTI/pneumonia events in nursing home from SNF claims

 
# of claims linked with an eligible MDS (except entry/death record) within the SNF stay
711,993  /  818,840
Linked with MDS Assessments
# of claims linked with an MDS
773,440  /   834,939
All Medicare SNF claims
19,265,327
# of claims with UTI/pneumonia as primary or the second diagnosis for fee-for-service beneficiaries
900,179  /  1,070,405

	Appendix Table 2. Logistic multilevel regression results of reporting of MDS UTI or pneumonia item (log odds ratios)a

	Variables
	UTI (I2300)
	 
	Pneumonia (I2000)

	 
	 
	Short-stay
	Long-stay
	 
	Short-stay
	Long-stay

	Race (individual level)
	
	
	
	
	

	
	White (Ref)
	
	
	
	
	

	
	American Indian
	-0.0554
	-0.0331
	
	-0.0867
	-0.157

	
	Asian
	-0.0816
	-0.163*
	
	-0.0572
	-0.0332

	
	Black
	-0.203***
	-0.146***
	
	-0.0864**
	-0.116***

	
	Hispanic
	-0.0573
	-0.103*
	
	-0.0813
	-0.0609

	
	Other
	-0.330**
	0.131
	
	-0.224
	0.147

	Race (nursing home level)
	
	
	
	
	

	
	White (Ref)
	
	
	
	
	

	
	American Indian
	-0.00252
	0.0475
	
	-1.336***
	-1.183***

	
	Asian
	-0.285
	-0.593**
	
	-0.0103
	0.241

	
	Black
	-0.685***
	-1.024***
	
	-0.982***
	-1.110***

	
	Hispanic
	-0.895***
	-0.874***
	
	-0.832***
	-0.666***

	
	Other
	-1.245
	-2.055
	
	-2.934*
	-1.095

	Dual (individual level)
	0.0207
	-0.101***
	
	0.0403*
	0.0517*

	Dual (nursing home level)
	0.0000821
	0.0228
	
	-0.286***
	-0.301***

	Age
	
	
	
	
	

	
	>=89.0 (Ref)
	
	
	
	
	

	
	<=73.0
	-0.0477
	0.0550*
	
	-0.272***
	-0.216***

	
	74.0_82.0
	-0.0277
	0.0459*
	
	-0.121***
	-0.0967***

	
	83.0_88.0
	0.00262
	0.0384
	
	-0.0815***
	-0.038

	Female
	0.267***
	0.152***
	
	-0.123***
	-0.0688**

	Disability
	0.0876**
	0.142***
	
	-0.0278
	-0.0879*

	Comorbidity score
	-0.0169***
	0.0247***
	
	-0.0374***
	-0.0487***

	Year
	
	
	
	
	

	
	2011 (Ref)
	
	
	
	
	

	
	2012
	-0.155***
	-0.0754**
	
	0.0131
	0.0931**

	
	2013
	-0.308***
	-0.299***
	
	0.000746
	0.0809**

	
	2014
	-0.394***
	-0.407***
	
	-0.0167
	0.032

	
	2015
	-0.568***
	-0.576***
	
	-0.0734*
	-0.0935**

	
	2016
	-0.721***
	-0.829***
	
	-0.0974**
	-0.0613

	
	2017
	-0.937***
	-1.039***
	
	-0.102**
	-0.0865*

	Ownership
	
	
	
	
	

	
	For profit (Ref)
	
	
	
	
	

	
	Government
	0.141**
	0.374***
	
	-0.0359
	-0.141**

	
	Non-profit
	0.160***
	0.222***
	
	0.103***
	0.0486

	Region
	
	
	
	
	

	
	Midwest (Ref)
	
	
	
	
	

	
	Northeast
	0.0601*
	0.0478
	
	0.0931**
	0.0493

	
	South
	0.0520*
	0.0771**
	
	-0.0131
	-0.019

	
	West
	0.0756*
	-0.0131
	
	0.356***
	0.247***

	Size
	
	
	
	
	

	
	Large (Ref)
	
	
	
	
	

	
	Medium
	0.0052
	0.0322
	
	-0.0128
	0.0475

	
	Small
	0.0969***
	0.207***
	
	-0.0553*
	0.0175

	Chronic Conditions
	
	
	
	
	

	
	AMI
	-0.0432*
	-0.0618*
	
	0.00404
	-0.0298

	
	ALZH
	-0.0444*
	-0.126***
	
	-0.00986
	-0.0363

	
	ALZH_DEMEN
	0.138***
	-0.0595**
	
	0.0441*
	0.0374

	
	ATRIAL_FIB
	-0.0609***
	-0.0193
	
	-0.026
	-0.0242

	
	CATARACT
	-0.0194
	0.014
	
	0.00855
	0.0245

	
	CHRONICKIDNEY
	0.251***
	0.179***
	
	-0.0117
	-0.00377

	
	COPD
	-0.0368*
	0.0109
	
	0.104***
	0.0653***

	
	CHF
	-0.0338
	-0.0380*
	
	-0.00085
	-0.0271

	
	DIABETES
	-0.011
	-0.00802
	
	-0.0957***
	-0.0236

	
	GLAUCOMA
	-0.00762
	-0.0137
	
	0.0133
	0.0262

	
	HIP_FRACTURE
	-0.0634***
	0.00765
	
	-0.00138
	-0.0214

	
	ISCHEMICHEART
	-0.0038
	-0.0115
	
	-0.0374
	-0.0620**

	
	DEPRESSION
	0.0609***
	0.0205
	
	0.0304
	0.00888

	
	OSTEOPOROSIS
	0.0057
	0.0288
	
	0.0400*
	0.0241

	
	RA_OA
	0.00982
	0.0602**
	
	0.00166
	-0.000838

	
	STROKE_TIA
	-0.0365*
	-0.0457**
	
	-0.00335
	-0.0271

	
	CANCER_BREAST
	-0.0136
	0.0242
	
	-0.0241
	-0.0328

	
	CANCER_COLORECTAL
	-0.00864
	0.0595
	
	-0.00941
	0.0193

	
	CANCER_PROSTATE
	0.120***
	0.061
	
	0.0291
	0.0417

	
	CANCER_LUNG
	-0.0438
	-0.076
	
	0.0875**
	0.103*

	
	CANCER_ENDOMETRIAL
	0.135**
	0.0716
	
	-0.0642
	-0.0576

	
	ANEMIA
	0.0589*
	0.0375
	
	-0.0243
	0.0128

	
	ASTHMA
	-0.0440*
	-0.00215
	
	0.0324
	0.0113

	
	HYPERL
	-0.102***
	-0.0238
	
	-0.0630**
	-0.0212

	
	HYPERP
	0.263***
	0.203***
	
	-0.0617*
	0.0349

	
	HYPERT
	-0.0338
	0.0226
	
	-0.178***
	-0.0329

	
	HYPOTH
	0.0191
	-0.0228
	
	-0.0203
	-0.0430*

	Constant
	-0.794***
	-1.544***
	
	1.725***
	1.660***

	var(intercept)
	0.329***
	0.478***
	
	0.559***
	0.663***

	Observations
	107856
	142050
	 
	93087
	90052

	UTI: urinary tract infection
*P< .05, **P<.01, ***P<.001 at 5% significance level.
a For UTI, the outcome was the reporting indicator for the discharge assessment in the main sample of hospitalized cases; for pneumonia, the outcome was the reporting indicator for the post-hospitalization assessment in the main sample of hospitalized cases.  




	Appendix Table 3. Logistic regression results of reporting of MDS UTI or pneumonia item with nursing home fixed effects (log odds ratios)a

	Variables
	UTI (I2300)
	 
	Pneumonia (I2000)

	 
	 
	Short-stay
	Long-stay
	 
	Short-stay
	Long-stay

	Race
	
	
	
	
	

	
	White (Ref)
	
	
	
	
	

	
	American Indian
	0.00465
	0.0675
	
	-0.0706
	-0.14

	
	Asian
	-0.126
	-0.241**
	
	-0.0177
	-0.0602

	
	Black
	-0.189***
	-0.149***
	
	-0.0767*
	-0.119***

	
	Hispanic
	-0.0242
	-0.0982*
	
	-0.0883
	-0.0374

	
	Other
	-0.385**
	0.188
	
	-0.244
	0.263

	Dual
	0.0202
	-0.0740**
	
	0.0273
	0.0281

	Age
	
	
	
	
	

	
	>=89.0 (Ref)
	
	
	
	
	

	
	<=73.0
	-0.00876
	0.0843**
	
	-0.241***
	-0.179***

	
	74.0_82.0
	-0.00349
	0.0517*
	
	-0.103***
	-0.0877***

	
	83.0_88.0
	0.0169
	0.0457*
	
	-0.0666*
	-0.0396

	Female
	0.277***
	0.161***
	
	-0.122***
	-0.0704*

	Disability
	0.0988**
	0.160***
	
	-0.00821
	-0.0777*

	Comorbidity score
	-0.0138***
	0.0288***
	
	-0.0363***
	-0.0491***

	Year
	
	
	
	
	

	
	2011 (Ref)
	
	
	
	
	

	
	2012
	-0.154***
	-0.0859***
	
	0.0211
	0.0930**

	
	2013
	-0.321***
	-0.311***
	
	0.00747
	0.0941**

	
	2014
	-0.405***
	-0.420***
	
	-0.00214
	0.0462

	
	2015
	-0.579***
	-0.592***
	
	-0.0644
	-0.0662

	
	2016
	-0.728***
	-0.845***
	
	-0.0968**
	-0.0353

	
	2017
	-0.943***
	-1.065***
	
	-0.121**
	-0.0766

	Chronic Conditions
	
	
	
	
	

	
	AMI
	-0.0534*
	-0.0583*
	
	-0.00946
	-0.0481

	
	ALZH
	-0.0367
	-0.119***
	
	0.00378
	-0.00851

	
	ALZH_DEMEN
	0.141***
	-0.0631**
	
	0.0471*
	0.0336

	
	ATRIAL_FIB
	-0.0632***
	-0.022
	
	-0.0360*
	-0.0169

	
	CATARACT
	-0.0228
	0.0174
	
	0.00533
	0.0299

	
	CHRONICKIDNEY
	0.238***
	0.169***
	
	-0.0185
	-0.0186

	
	COPD
	-0.0218
	0.0142
	
	0.118***
	0.0809***

	
	CHF
	-0.0425*
	-0.0486*
	
	0.00744
	-0.0259

	
	DIABETES
	-0.0179
	0.00341
	
	-0.0829***
	-0.0113

	
	GLAUCOMA
	-0.013
	-0.00844
	
	0.00935
	0.0193

	
	HIP_FRACTURE
	-0.0573**
	-0.00112
	
	-0.00333
	-0.0121

	
	ISCHEMICHEART
	0.0049
	0.00869
	
	-0.018
	-0.0401

	
	DEPRESSION
	0.0605**
	0.0366
	
	0.0217
	-0.00296

	
	OSTEOPOROSIS
	0.000767
	0.0415*
	
	0.0441*
	0.0316

	
	RA_OA
	0.0187
	0.0711***
	
	0.0221
	-0.00389

	
	STROKE_TIA
	-0.0244
	-0.0301
	
	0.00564
	-0.0233

	
	CANCER_BREAST
	-0.0122
	0.0248
	
	-0.0193
	-0.0336

	
	CANCER_COLORECTAL
	-0.014
	0.0596
	
	0.00821
	0.0187

	
	CANCER_PROSTATE
	0.133***
	0.0715
	
	0.0343
	0.0502

	
	CANCER_LUNG
	-0.0328
	-0.0841
	
	0.0720*
	0.0827

	
	CANCER_ENDOMETRIAL
	0.106
	0.0819
	
	-0.0342
	-0.0227

	
	ANEMIA
	0.0463
	0.0567
	
	-0.0141
	0.0296

	
	ASTHMA
	-0.0439*
	-0.00405
	
	0.0199
	0.0102

	
	HYPERL
	-0.0930***
	-0.021
	
	-0.0698**
	-0.028

	
	HYPERP
	0.267***
	0.215***
	
	-0.0603*
	0.0246

	
	HYPERT
	0.00154
	0.0533
	
	-0.178**
	-0.022

	
	HYPOTH
	0.023
	-0.019
	
	-0.00689
	-0.0305

	Observationsb
	94999
	116641
	 
	79963
	74229

	UTI: urinary tract infection
*P< .05, **P<.01, ***P<.001 at 5% significance level.
a For UTI, the outcome was the reporting indicator for the discharge assessment in the main sample of hospitalized cases; for pneumonia, the outcome was the reporting indicator for the post-hospitalization assessment in the main sample of hospitalized cases.  
b About 12% - 18% observations were dropped from the model because there were no variations in the outcome variables within nursing homes, meaning all UTI/pneumonia or none of the UTI/pneumonia were reported by the nursing home.


 

	Appendix Table 4. Sensitivity analysis: National reporting rate of infections by identification sources and short- versus long-stay for secondary hospital infection claims, 2011 - 2017 (%)

	 
	UTI
	 
	 
	 
	Pneumonia
	 

	Methods of identifying infection in nursing home
	N
	Percent of claims with UTI reported on discharge MDSa
	Percent of claims with UTI reported on discharge MDSa or post-hospitalization MDSb
	 
	N
	Percent of claims with pneumonia reported on post-hospitalization MDSc

	
	Short-stay

	Secondary hospital infection claimsd
	452240
	23.2%
	47.2%
	
	197453
	49.3%

	Secondary hospital infection claimsd + Indwelling urinary cathetere
	120413
	28.8%
	51.4%
	
	-
	-

	
	Long-stay

	Secondary hospital infection claimsd
	514983
	13.5%
	41.1%
	
	141661
	53.8%

	Secondary hospital infection claimsd + Indwelling cathetere
	90364
	20.5%
	43.7%
	 
	-
	-

	UTI: Urinary tract infection; SNF: Skilled nursing facility
a Nursing homes are required to report item I2300 on the MDS discharge assessment to document whether a resident had a UTI in the past 30 days. Therefore, we used the MDS discharge assessment within one day prior to the hospitalization to assess UTI reporting. 
b A post-hospitalization MDS assessment for UTI was the first MDS completed within 30 days after the resident returned to the same nursing home after hospitalization. If a nursing home reported a UTI on the MDS discharge assessment or the post-hospitalization assessment, the UTI was counted as being reported by the nursing home. 
c A post-hospitalization MDS assessment for pneumonia was the MDS completed within seven days after the resident returned to the same nursing home after hospitalization and was used to assess the reporting of pneumonia. Nursing homes are not required to report item I2000 on the MDS discharge assessment to document whether a resident had pneumonia in the past seven days after 2011. Therefore, only post-hospitalization MDS assessments were used to assess the reporting of pneumonia.
d Secondary hospital infection claims for UTI were hospital admission claims from MedPAR with any secondary diagnosis code for UTI that was present-on-admission. Secondary hospital infection claims for pneumonia were hospital admission claims from MedPAR with any secondary diagnosis code for pneumonia that was present-on-admission.
e Nursing homes are required to report item H0100A about whether residents used indwelling catheter in the past seven days. We subset the sample of hospital infection claims to those matched to a MDS discharge assessment with an indwelling catheter documented in H0100A.








	Appendix Table 5. Sensitivity analysis: National reporting rate of infections by identification sources and short- vs long-stay, 2011 - 2015 (%)

	 
	UTI 
	 
	Pneumonia

	Methods of identifying infection in nursing home
	N
	Percent of claims with UTI reported on discharge MDSa
	Percent of claims with UTI reported on discharge MDSa or post-hospitalization MDSb
	 
	N
	Percent of claims with pneumonia reported on post-hospitalization MDSc

	
	Short-stay

	Hospital infection claimsd
	80926
	31.6%
	66.1%
	
	72967
	66.7%

	Hospital infection claimsd + Indwelling cathetere
	28401
	37.6%
	68.6%
	
	-
	-

	SNF infection claimsf
	495864
	81.3%
	-
	
	581548
	81.2%

	
	Long-stay

	Hospital infection claimsd
	108389
	21.2%
	58.1%
	
	71128
	71.3%

	Hospital infection claimsd + Indwelling cathetere
	26855
	28.6%
	59.7%
	 
	 -
	-

	UTI: Urinary tract infection; SNF: Skilled nursing facility
a Nursing homes are required to report item I2300 on the MDS discharge assessment to document whether a resident had a UTI in the past 30 days. Therefore, we used the MDS discharge assessment within one day prior to the hospitalization to assess UTI reporting. 
b A post-hospitalization MDS assessment for UTI was the first MDS completed within 30 days after the resident returned to the same nursing home after hospitalization. If a nursing home reported a UTI on the MDS discharge assessment or the post-hospitalization assessment, the UTI was counted as being reported by the nursing home. 
c A post-hospitalization MDS assessment for pneumonia was the MDS completed within seven days after the resident returned to the same nursing home after hospitalization. Nursing homes are not required to report item I2000 on the MDS discharge assessment to document whether a resident had pneumonia in the past seven days after 2011. Therefore, only post-hospitalization MDS assessments were used to assess the reporting of pneumonia. 
d Hospital infection claims for UTI were hospital admission claims from MedPAR with a primary diagnosis code for UTI that was present-on-admission. Hospital infection claims for pneumonia were identified as any hospital admission claims from MedPAR with a primary diagnosis code for pneumonia that was present-on-admission. 
e Nursing homes are required to report item H0100A about whether residents used indwelling catheter in the past seven days. We subset the sample of hospital infection claims to those matched to a MDS discharge assessment with an indwelling catheter documented in H0100A. 
f SNF infection claims were claims from MedPAR with the first or second diagnosis code related to UTI or pneumonia. Any MDS that matched within the SNF stay was used to assess reporting. Since Medicare covers the first 100 days at a nursing home, all residents from SNF claims were short-stay residents.





	Appendix Table 6. Sensitivity analysis: National reporting rate of infections by identification sources and short- vs long-stay, 2016 - 2017 (%)

	 
	UTI 
	 
	Pneumonia

	Methods of identifying infection in nursing home
	N
	Percent of claims with UTI reported on discharge MDS a
	Percent of claims with UTI reported on discharge MDSa or post-hospitalization MDSb
	 
	N
	Percent of claims with pneumonia reported on post-hospitalization MDSc

	
	Short-stay

	Hospital infection claimsd
	26930
	21.3%
	51.3%
	
	20120
	63.5%

	Hospital infection claimsd + Indwelling cathetere
	8849
	24.3%
	52.0%
	
	-
	-

	SNF infection claimsf
	216129
	73.9%
	-
	
	237292
	83.0%

	
	Long-stay

	Hospital infection claimsd
	33661
	13.0%
	44.0%
	
	18924
	68.1%

	Hospital infection claimsd + Indwelling cathetere
	7247
	16.0%
	43.2%
	 
	 -
	 -

	UTI: Urinary tract infection; SNF: Skilled nursing facility
a Nursing homes are required to report item I2300 on the MDS discharge assessment to document whether a resident had a UTI in the past 30 days. Therefore, we used the MDS discharge assessment within one day prior to the hospitalization to assess UTI reporting. 
b A post-hospitalization MDS assessment for UTI was the first MDS completed within 30 days after the resident returned to the same nursing home after hospitalization. If a nursing home reported a UTI on the MDS discharge assessment or the post-hospitalization assessment, the UTI was counted as being reported by the nursing home. 
c A post-hospitalization MDS assessment for pneumonia was the MDS completed within seven days after the resident returned to the same nursing home after hospitalization. Nursing homes are not required to report item I2000 on the MDS discharge assessment to document whether a resident had pneumonia in the past seven days after 2011. Therefore, only post-hospitalization MDS assessments were used to assess the reporting of pneumonia. 
d Hospital infection claims for UTI were hospital admission claims from MedPAR with a primary diagnosis code for UTI that was present-on-admission. Hospital infection claims for pneumonia were identified as any hospital admission claims from MedPAR with a primary diagnosis code for pneumonia that was present-on-admission. 
e Nursing homes are required to report item H0100A about whether residents used indwelling catheter in the past seven days. We subset the sample of hospital infection claims to those matched to a MDS discharge assessment with an indwelling catheter documented in H0100A. 
f SNF infection claims were claims from MedPAR with the first or second diagnosis code related to UTI or pneumonia. Any MDS that matched within the SNF stay was used to assess reporting. Since Medicare covers the first 100 days at a nursing home, all residents from SNF claims were short-stay residents.
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