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Abstract

Background/Objectives—Approximately half of patients newly admitted to long-term care 

nursing homes experienced a prior hospitalization followed by discharge to a skilled nursing 

facility (SNF). We examined the characteristics associated with new institutionalizations among 

older adults on this care trajectory.

Design—Retrospective cohort study

Setting—SNFs and long-term care nursing homes

Participants—Medicare fee-for-service beneficiaries admitted to 7,442 SNFs in 2013 

(N=597,986)

Measurements—Demographic and clinical characteristics from Medicare data and the 

Minimum Data Set. We defined “new institutionalization” as long-term care nursing home 

residence for >90 non-SNF days, starting within six months of hospital discharge.

Results—Among individuals who survived six months following hospital discharge, the overall 

rate of new long-term care institutionalizations was 10.0% (N=59,736). Older age, white race/

ethnicity, being unmarried, Medicaid eligibility, higher income, more comorbidities, cognitive 

impairment, depression, functional limitations, hallucinations/delusions, aggressive behavior, 

incontinence, and pressure ulcers were associated with higher adjusted odds of new long-term care 

institutionalization. In analyses stratified by race/ethnicity, higher income was associated with 
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decreased odds among whites (OR=0.92, 95% CI: 0.89-0.96) and increased odds among blacks 

(OR=1.40, 95% CI: 1.27-1.55) and Hispanics (OR=1.44, 95% CI: 1.25-1.66). Moderate/severe 

depression, functional limitations, hallucinations/delusions, aggressive behavior, and being 

unmarried were stronger risk factors for long-term care among cognitively intact individuals than 

among those with moderate/severe impairment. Being unmarried and having more comorbidities 

were stronger predictors among those 66-70 years than those 81-85 and ≥91 years.

Conclusion—Associations between risk factors and new long-term care institutionalizations 

varied across race/ethnicity, age group, and level of cognitive function. Programs that target older 

adults at increased risk may be an effective strategy for reducing new institutionalizations and 

fostering aging in place.
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Introduction

Aging in place is an important, patient-centered outcome.1 Considerable resources are 

dedicated to providing services that allow older individuals to remain in the community 

rather than in institutional settings.2-4 Older age,5-13 cognitive impairment,6,9,11-16 

functional impairment,6-9,13,15,17 and lack of social support8-10,12,14,15,18 are known risk 

factors for institutionalization in nursing homes. Additionally, nursing home placement is 

more common among whites than among minority populations.10,14,19,20 These prior studies 

differed in the population studied (community cohort vs hospitalized patients) and outcome 

(long-term care nursing home vs any nursing facility).

Older adults who are hospitalized are frequently discharged to skilled nursing facilities 

(SNFs) for further recuperative care.21 Even with these additional services, not all patients 

are able to return to the community. Because institutionalization in long-term care nursing 

homes often follows hospitalization and then a SNF stay,11,14,22 a better understanding of 

the risk factors for institutionalization along this care trajectory can help inform prevention 

efforts.

We used a national cohort of Medicare beneficiaries to examine the characteristics 

associated with new institutionalizations in long-term care nursing homes among older 

adults who experienced a hospitalization followed by a SNF stay. We were particularly 

interested in whether risk factors varied across race/ethnicity, age group, and level of 

cognitive function. Based on previous research12,19,20 and clinical experience, we 

hypothesized that the associations between known risk factors and institutionalization in 

long-term care nursing homes would be weaker as age increased and as cognitive function 

decreased. We also hypothesized that risk factors would differ across race/ethnicities.
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Methods

Data Sources

We used the following 100% Medicare files from 2012-2014: Medicare Provider Analysis 

and Review (MedPAR), Beneficiary Summary, and Resident Assessment Instrument 

Minimum Data Set 3.0 (MDS). The MedPAR, Beneficiary Summary, and MDS files were 

linked using unique encrypted beneficiary identification numbers. We used Medicare 

Provider of Services files to get information on the location (zip code) of SNFs.23 Median 

household income in the beneficiary's zip code of residence was obtained from the 2013 

American Community Survey estimates of the U.S. Census Bureau.24 A data use agreement 

(DUA) was obtained from CMS. The research was approved by the UTMB Institutional 

Review Board.

Study Population

We identified individuals who received SNF services within three days of hospital discharge 

in 2013 and selected the first occurrence if a patient had more than one over the year 

(N=1,652,492). To ensure we had complete data on the predictors of interest, some of which 

required a one-year look back, and the outcome, which required a six-month follow-up, we 

excluded individuals under 66 years of age on 1/1/2013 and those without continuous Part A 

(no Medicare Advantage) enrollment over the one year prior to and the six months following 

the index hospitalization (N=343,883). We also excluded SNF patients without complete 

MDS assessment data (N=244,897). Our outcome was “new” institutionalizations, so we 

excluded individuals who resided in long-term care nursing homes at any time over the six 

months prior to their index hospitalization (N=145,163). We also excluded patients living 

outside the United States and those with outlier hospital lengths of stay, which we defined as 

greater than two standard deviations from the geometric mean for their Diagnosis-Related 

Group Major Diagnostic Category (DRG MDC) (N=41,390). Our goal was to ensure the 

cohort was representative of typical patients, not those experiencing excessively long 

hospitalizations due to factors not captured in administrative data. We excluded individuals 

in SNF facilities with fewer than 25 discharges (N=66,506) and those who did not survive 

for six months following hospital discharge (N=212,667). The final cohort included 597,986 

individuals (Supplementary Figure S1).

Outcome

The outcome was “new institutionalization”, defined as residence in a long-term care 

nursing home for at least 90 days starting within six months of discharge from a hospital to a 

SNF. Days in SNF care did not count towards the 90 days. We differentiated long-term care 

days from SNF days using methods similar to those of Intrator, et al.25,26 We identified 

claims for SNF stays in the MedPAR files; MDS episodes outside of SNF dates were 

considered long-term care stays. We have validated this approach against Medicaid data, 

with 91% sensitivity and 87% positive predictive value.26
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Characteristics

We extracted information on individuals' age, sex, race/ethnicity, and Medicaid eligibility 

(i.e., simultaneous enrollment in Medicare and Medicaid)27 from the Beneficiary Summary 

files. We obtained information on the length of stay and primary diagnosis (DRG MDC) for 

the index hospitalization from the MedPAR files. We also extracted all diagnoses from the 

index and other hospitalizations over the prior year to identify Elixhauser comorbidities.28

The MDS is a comprehensive assessment administered to prospective payment system SNF 

patients at multiple time points during their stay, including within eight days of admission.29 

The instrument includes standardized items related to patients' hearing, speech, vision, 

cognition, mood, behavior, functional status, bowel and bladder management, health 

conditions, swallowing/nutritional status, oral/dental status, skin conditions, medications, 

and receipt of special treatments or procedures.29 The MDS 3.0 items demonstrate good 

reliability and validity.30 We used the first MDS assessment from the patient's SNF stay to 

get information on their marital status (married/unmarried), cognitive status (cognitively 

intact, mildly impaired, moderately/severely impaired),31 mood (no depression, minimal/

mild depression, moderate/severe depression),32,33 functional status (six activities of daily 

living [ADL] items), and prognosis (life expectancy <6 months, yes/no). Additionally, we 

used these assessment files to determine whether individuals experienced hallucinations or 

delusions (yes/no); displayed aggressive behavior (none, moderate, severe);34 were continent 

(continent of bladder and bowel, yes/no); had a urinary catheter (yes/no); had an ostomy 

(yes/no); had a pressure ulcer (any/none); were on a ventilator or respirator (any/none); or 

received an insulin injection, oxygen therapy, cancer treatment, tracheostomy care, 

intravenous medication, blood transfusion, dialysis, or hospice care. The look-back period 

for the included MDS items is seven days, with the exception of mood which has a two-

week look-back.29 We used questions from the MDS 3.0 to create our modified Aggressive 

Behavior Scale categorical variable. The original scale was created using items in the MDS 

2.0 and we used the equivalent items from the MDS 3.0.34 Tetrachoric or polychoric 

correlations were performed to measure the correlations between the functional status items 

(six ADL items) and between the bladder/bowel items.35 The largest tetrachoric correlation 

between the functional items was 0.90. Because of this intercorrelation, we created a 

composite score (range 0-24) for functional status (higher scores indicating greater 

assistance with ADLs). The polychoric correlations between the bladder/bowel items were 

≥0.76. Therefore, we created a single two-category predictor: continent of bladder and bowel 

(yes/no).

Data Analysis

We calculated the rates of new institutionalizations for the overall cohort and by patient 

characteristics. We then examined if rates varied at the state-level. Medicaid, rather than 

Medicare, is the primary payer for long-term care services and supports.2 The proportion of 

Medicaid spending for home- and community-based long-term care services varies by state.2 

Rates varied across states, so all subsequent analyses included patient's state of residence as 

a fixed effect. We used logistic regression to determine the association between patient 

characteristics and new institutionalizations. We performed unadjusted and adjusted 

analyses. Adjusted analyses included the patient characteristics listed in Table 1, DRG 
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MDCs (Supplementary Table S1), and state of residence. We estimated a fully interacted 

(i.e., all possible two-way interaction terms) logistic regression model. We then performed 

stratified analyses for all significant interaction terms. Analyses were performed using SAS 

version 9.4 (SAS Inc., Cary, NC).

Results

Cohort characteristics are presented in Table 1. The average age was 81.7 (SD 7.85) years; 

87.7% were white and 68.1% were female. The overall rate of new long-term care 

institutionalizations was 10.0% (N=59,736). The median length of stay over the year 

following admission to long-term care was 252 (IQR: 181, 295) days. Only 7.1% (N=4,228) 

were discharged to the community within one year of admission and 18.5% (N=11,040) 

died. Rates of new institutionalizations varied across states (Figure 1). In general, rates were 

lowest in the West and Southwest (Arizona, 3.4%; Utah, 3.6%; Oregon, 4.6%) and highest in 

the central U.S (South Dakota, 14.8%; Louisiana, 14.7%; Iowa, 14.6%).

Unadjusted and adjusted odds ratios (ORs) from the models estimating new 

institutionalization are presented in Table 1. The C-statistic for the multivariate logistic 

regression model was 0.83. As expected, older age (OR=2.98, 95% confidence interval [CI]: 

2.55-3.47, ≥91 vs 66-70 years), being unmarried (OR=1.30, 95% CI: 1.27-1.34), and being 

eligible for Medicaid (OR=4.04, 95% CI: 3.79-4.30) were associated with higher odds of 

new long-term care institutionalizations. Residing in zip codes further from the SNF was 

associated with lower odds (OR=0.85, 95% CI: 0.78-0.92, ≥15.8 km vs zip code with SNF). 

In unadjusted analyses, blacks and Hispanics had higher odds of new institutionalizations 

than whites; however, this association reversed after adjustment for clinical and 

sociodemographic characteristics (OR=0.87, 95% CI: 0.79-0.96 for blacks and OR=0.72, 

95% CI: 0.61-0.83 for Hispanics). Similarly, females had higher odds than males in 

unadjusted analyses, but lower odds in adjusted analyses (OR=0.90, 95%CI: 0.86-0.94). In 

unadjusted analyses, individuals residing in zip codes with higher median incomes had lower 

odds of new institutionalizations, but higher odds after adjustment (OR=1.17, 95% CI: 

1.10-1.25, top vs bottom quartiles).

Individuals with more comorbidities had higher odds of new long-term care 

institutionalizations. There were also a number of clinical characteristics from the MDS that 

predicted subsequent institutionalization. These included cognitive impairment (OR=1.59, 

95% CI: 1.35-1.89, moderately/severely impaired vs intact), depression (OR=1.25, 95% CI: 

1.14-1.38, moderate/severe vs none), and functional limitations (OR=2.31, 95% CI: 

1.90-2.80, ADL scores 19-24 vs 0-6). Patients experiencing hallucinations/delusions 

(OR=1.36, 95% CI: 1.28-1.45) or displaying aggressive behavior (OR=1.66, 95% CI: 

1.55-1.78, severe vs none) also had higher odds, as did individuals with incontinence 

(OR=1.859, 95% CI: 1.81-1.898, incontinent vs continent of bladder and bowel) or pressure 

ulcers (OR=1.28, 95% CI: 1.21-1.35).

Subgroup analyses

The odds ratios from all stratified analyses for significant interaction terms are presented in 

Supplementary Table S2. There were a number of significant interactions by race/ethnicity, 
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age group, and level of cognitive function. In Figure 2, we show selected adjusted odds 

ratios stratified by age. Being unmarried and having more comorbidities were stronger 

predictors in the 66-70 years age group than the 81-85 and ≥91 years age groups. For 

example, the odds of institutionalization for individuals 66-70 years who were unmarried 

versus married was 1.64 (95% CI: 1.49-1.81), while the odds for those ≥91 years was 1.10 

(95% CI: 1.04-1.17).

We present adjusted odds ratios from the stratified analyses for race/ethnicity in Table 2. 

Higher income was associated with decreased odds of new institutionalization among whites 

(OR=0.92, 95% CI: 0.89-0.96) and increased odds among blacks (OR=1.40, 95% CI: 

1.27-1.55) and Hispanics (OR=1.44, 95% CI: 1.25-1.66). Moderate to severe cognitive 

impairment was a stronger predictor of new institutionalization among whites (OR=1.76, 

95% CI: 1.49-2.08) than among blacks (OR=1.38, 95% CI: 1.16-1.65). Selected adjusted 

odds ratios from stratified analyses for cognitive function are also presented in Table 2. 

Moderate/severe depression, functional limitations, hallucinations/delusions, aggressive 

behavior, and being unmarried were stronger risk factors among individuals who were 

cognitively intact than those with moderate/severe cognitive impairment.

We performed sensitivity analyses in a cohort that included those who died over the six 

months following hospital discharge (N=810,653), with “new institutionalization” defined as 

residence in a long-term care nursing home for at least 90 days or until death, starting within 

six months of discharge from a hospital to a SNF. Adjusted odds ratios for the sensitivity 

analysis are presented in Supplementary Table S3. The overall rate of new 

institutionalizations was 12.8%. The direction of associations remained the same as the 

original analysis except for income in the highest quartile, which was associated with 

slightly lower odds (OR=0.96, 95%CI: 0.94-0.98) in the sensitivity analysis and higher odds 

in the original analysis. Insulin injection was associated with the outcome in the sensitivity 

analysis (OR=1.03, 95%CI: 1.01-1.05), but not in the original analysis; whereas pressure 

ulcers were not associated with the outcome in the sensitivity analysis, but were in the 

original analysis. Cognitive impairment was more strongly associated with the outcome in 

the sensitivity analysis than the original analysis.

Discussion

In this national cohort of community-dwelling older adults discharged to SNFs following 

hospitalization, among those who survived for six months 10.0% had a subsequent long-

term care admission. This rate is higher than the new long-term care institutionalization rate 

of 3.6% for Medicare beneficiaries discharged from the hospital36 because individuals 

discharged to a SNF are at an increased risk of institutionalization.11,14,22

Previous research indicates that whites are more likely to be institutionalized in nursing 

homes than other race/ethnicities,10,13,20,37 while the relationship between socioeconomic 

status and risk for institutionalization is less consistent.10,13 Our results also found a higher 

risk for whites, after adjusting for patient characteristics such as demographics, 

socioeconomic status and comorbidities. Furthermore, there were a number of significant 

interactions between race/ethnicity and other patient characteristics. In our cohort, higher 
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income had a protective effect among whites; however, among both blacks and Hispanics, 

higher income was associated with greater odds of institutionalization. These findings differ 

from previous studies reporting lower risk of institutionalization among blacks with better 

socioeconomic status.20,37 The inconsistency may be related to the different socioeconomic 

status indicator variables used and/or to cohort differences. We used the median income in 

an individuals' zip code of residence as a proxy for socioeconomic status. Prior studies used 

self-reported non-housing wealth37 or dichotomized income to above/below $10,000.20 We 

studied individuals discharged from hospitals to SNFs. This represents a specific and 

common trajectory leading to institutionalization. The interplay of race/ethnicity and 

economic resources may be different along this pathway compared to other pathways (e.g., 

direct admission to long-term care from home). Finally, we studied risk of long-term care 

nursing homes whereas other studies conflate SNF and long-term care stays under the rubric 

of “nursing home”.

While the association between older age and risk for institutionalization is well-established,
5-13 less is known on whether risk factors differ between age groups within the older adult 

population. In general, the strength of associations between risk factors and new 

institutionalizations diminished as age increased. In some cases, the association disappeared, 

such as with comorbidities.

A strength of our study is that we used risk factors assessed at the time of a precipitating 

event (i.e., hospitalization followed by SNF admission), not at the time of 

institutionalization. This allows findings to inform proactive efforts focused on preventing 

institutional care. Avoiding unnecessary institutionalizations is a reasonable objective, as 

providing home-based services may delay nursing home entry.38 The variation in rates 

across states supports the concept that some future institutionalizations among individuals 

discharged from acute care hospitals to SNFs are potentially preventable. Comprehensive 

prevention efforts may need to target persons at increased risk. In addition to modifying risk 

factors that are mutable, efforts may need to focus on addressing gaps in home and 

community-based services and supports. Not all new institutionalizations will be avoidable 

with the current services and supports available. However, a clear picture of the individuals 

at higher risk for institutionalization will guide resource development and foster aging in 

place initiatives. Home- and community-based long-term care services and supports can be 

tailored to the needs of those who currently continue to require institutional-level care. Our 

findings extend previous research and help inform these efforts.

Successful discharge to the community, defined as discharging to a community setting and 

remaining there without an unplanned rehospitalization or death for 31 days, is a new quality 

measure for SNFs.39 We present the patient characteristics associated with increased risk of 

institutionalization following SNF discharge. These findings may help inform risk-

adjustment for the new community discharge quality metric.

Limitations

We used Medicare claims and assessment data to address our study objectives. Although this 

provided a national sample, these data were not collected for research purposes. Information 
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regarding the accuracy of data entry is not available. Use of this data limits the 

generalizability of our findings to the Medicare fee-for-service population.

Our definition of “long-term care” differs from the definition used by the Centers for 

Medicare & Medicaid Services (CMS) for quality reporting. CMS dichotomizes patients in 

nursing homes as short-stay or long-stay based on how long they have been in the facility. 

Individuals residing in a nursing home for more than 100 days are considered long-stay 

residents.40 We defined “long-term care” as residing in a nursing home for 90 days, 

excluding any days in which the individual received SNF services. Our approach allowed us 

to differentiate between the two disparate populations within nursing homes, those receiving 

post-acute recuperative SNF services and those residing in the facility in a more permanent 

capacity. The importance of distinguishing between these populations is highlighted in other 

work.25,26,41

We were interested in new institutionalizations among individuals discharged from acute 

care hospitals to SNFs. This represents a vulnerable population at high risk for future 

institutionalization, but limits the generalizability of our findings to others on this care 

trajectory. An important area for future research will be examining risk factors along other 

pathways (e.g., other post-acute care settings). Future research is also needed to better 

understand the role SNF quality plays in risk of institutionalization. SNF quality may have a 

mediating effect on risk for future institutionalization, as there may be certain characteristics 

(e.g. socioeconomic status) that increase the likelihood of patients going to high versus low 

quality facilities.

Conclusions

Tailoring programs to address the needs of patients with risk factors for institutionalization 

in long-term care nursing homes may improve prevention efforts. We examined 

characteristics associated with new institutionalizations among individuals receiving SNF 

services following hospitalization. In this vulnerable population, risk factors varied across 

race/ethnicity, age group, and level of cognitive function. We observed a variation in rates 

across states, suggesting that some new institutionalizations may be preventable. A better 

understanding of the complex interplay between risk factors and Medicaid policies may 

further inform targeted prevention efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
State-level variation in the observed rates of new institutionalizations among a national 

cohort of older adults discharged to skilled nursing facilities following hospitalization 

(N=597,986). The overall rate was 10.0%.
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Figure 2. 
Odds of new institutionalization from age group stratified analyses adjusted for all patient 

characteristics listed in Table 1, plus the DRG MDCs in Supplementary Table S1, and state 

of residence. Abbreviation: CI, confidence interval.
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Table 1
Observed rates and unadjusted and adjusted odds of new institutionalizations by patient 
characteristics

Patient characteristic N Observed Rates Unadjusted OR (95% CI) Adjusted ORa (95% CI)

Overall 597,986 10.0%

Race/ethnicity

 White 524,253 9.7% Reference Reference

 Black 40,112 12.3% 1.33 (1.27, 1.40) 0.87 (0.79, 0.96)

 Hispanic 19,406 11.7% 1.31 (1.27, 1.35) 0.72 (0.61, 0.83)

 Others 14,215 12.5% 1.23 (1.18, 1.29) 0.83 (0.70, 0.99)

Sex

 Male 190,505 9.3% Reference Reference

 Female 407,481 10.3% 1.13 (1.11, 1.15) 0.90 (0.86, 0.94)

Age, years

 66-70 51,596 5.6% Reference Reference

 71-75 84,573 6.0% 1.07 (1.02, 1.12) 1.18 (1.01, 1.39)

 76-80 107,537 7.4% 1.35 (1.29, 1.41) 1.45 (1.24, 1.69)

 81-85 131,615 9.4% 1.74 (1.67, 1.81) 1.75 (1.51, 2.03)

 86-90 129,102 12.3% 2.36 (2.26, 2.45) 2.12 (1.83, 2.46)

 ≥91 93,563 16.7% 3.35 (3.22, 3.49) 2.98 (2.55, 3.47)

Marital statusb

 Married 211,357 6.8% Reference Reference

 Unmarried 373,767 11.8% 1.85 (1.82, 1.89) 1.30 (1.27, 1.34)

Medicaid eligibility

 No 494,967 7.1% Reference Reference

 Yes 103,019 24.13% 4.20 (4.12, 4.27) 4.04 (3.79, 4.30)

Number of comorbidities

 0,1 45,155 6.0% Reference Reference

 2 69,250 8.0% 1.36 (1.29, 1.42) 1.08 (1.01, 1.16)

 3 86,515 9.6% 1.66 (1.59, 1.74) 1.15 (1.07, 1.23)

 4 88,550 10.6% 1.84 (1.76, 1.92) 1.14 (1.06, 1.22)

 ≥5 308,516 11.0% 1.92 (1.84, 2.00) 1.10 (1.04, 1.18)

Income quartilec

 ≤41,989 145,063 11.5% Reference Reference

 41,990-52,611 147,555 10.4% 0.89 (0.87, 0.91) 1.08 (1.01, 1.14)

 52,612-69,475 151,034 9.3% 0.79 (0.77, 0.81) 1.12 (1.05, 1.16)

 ≥69,475 154,334 8.8% 0.74 (0.72, 0.76) 1.17 (1.10, 1.25)

Distance from SNF (km)d

 0 162,578 11.8% Reference Reference
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Patient characteristic N Observed Rates Unadjusted OR (95% CI) Adjusted ORa (95% CI)

 0.1-7.1 135,250 8.5% 0.69 (0.68, 0.71) 0.69 (0.64, 0.75)

 7.2-15.7 150,252 9.0% 0.74 (0.72, 0.76) 0.76 (0.70, 0.83)

 ≥15.8 149,906 10.4% 0.87 (0.85, 0.89) 0.85 (0.78, 0.92)

Length of hospital staye

 Quartile 1 227,124 8.8% Reference Reference

 Quartile 2 150,731 10.6% 1.23 (1.20, 1.26) 0.94 (0.92, 0.97)

 Quartile 3 103,251 10.5% 1.21 (1.18, 1.24) 0.95 (0.92, 0.98)

 Quartile 4 116,880 11.1% 1.29 (1.26, 1.32) 1.04 (1.00, 1.07)

Type of DRG

 Surgical 249,769 4.5% Reference Reference

 Medical 348,217 14.0% 3.47 (3.40, 3.55) 2.00 (1.94, 2.07)

Cognitive function

 Cognitively intact 398,688 5.3% Reference Reference

 Mildly impaired 125,831 14.1% 2.95 (2.88, 3.01) 1.16 (0.99, 1.36)

 Moderately or severely impaired 73,467 28.6% 7.21 (7.06, 7.36) 1.59 (1.35, 1.89)

Mood

 No depression 243,063 8.6% Reference Reference

 Minimal or mild depression 327,308 10.5% 1.25 (1.23, 1.28) 1.09 (1.04, 1.13)

 Moderate or severe depression 27,615 15.7% 1.98 (1.91, 2.05) 1.25 (1.14, 1.38)

ADL (score range 0-24)

 0-6 25,595 3.4% Reference Reference

 7-12 138,442 4.5% 1.32 (1.22, 1.41) 0.99 (0.81, 1.20)

 13-18 388,478 10.4% 3.25 (3.03, 3.47) 1.38 (1.14, 1.67)

 19-24 45,471 27.2% 10.48 (9.77, 11.24) 2.31 (1.90, 2.80)

Hallucinations/Delusions

 No 589,129 9.8% Reference Reference

 Yes 8,857 25.6% 3.18 (3.03, 3.34) 1.36 (1.28, 1.45)

Aggressive Behavior

 None 561,798 9.2% Reference Reference

 Moderate 28,567 20.2% 2.51 (2.43, 2.58) 1.33 (1.29, 1.38)

 Severe 7,621 31.3% 4.51 (4.29, 4.73) 1.66 (1.55, 1.78)

Continent of bladder and bowel

 Yes 306,092 4.6% Reference Reference

 No 291,894 15.6% 3.82 (3.74, 3.89) 1.85 (1.81, 1.89)

Ostomy

 No 587,701 10.03% Reference Reference

 Yes 10,285 7.90% 0.77 (0.72, 0.83) 0.99 (0.92, 1.07)

Urinary catheter

 No 546,538 9.60% Reference Reference
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Patient characteristic N Observed Rates Unadjusted OR (95% CI) Adjusted ORa (95% CI)

 Yes 51,448 14.18% 1.56 (1.52, 1.60) 1.26 (1.23, 1.30)

Insulin injection

 No 486,857 9.9% Reference Reference

 Yes 111,129 10.6% 1.08 (1.06, 1.10) 1.01 (0.99, 1.04)

Pressure ulcer

 None 528,169 9.4% Reference Reference

 Any 69,817 14.1% 1.58 (1.54, 1.62) 1.28 (1.21, 1.35)

Oxygen therapy

 No 473,922 9.8% Reference Reference

 Any 124,064 10.6% 1.08 (1.06, 1.11) 0.89 (0.87, 0.92)

IV medication

 No 558,084 10.1% Reference Reference

 Yes 39,902 7.9% 0.76 (0.73, 0.79) 0.74 (0.71, 0.77)

Abbreviations: OR, odds ratio; CI, confidence interval; SNF, skilled nursing facility; DRG, Diagnosis-Related Group; ADL, activities of daily 
living; IV, intravenous.

a
Odds ratios are from a logistic regression model adjusted for all characteristics presented in the table, plus the Diagnosis-Related Group Major 

Diagnostic Categories (Supplementary Table S1), and state of residence. Also included in the model were a number of characteristics from the 
MDS with very low prevalence, including poor prognosis, cancer treatment, tracheostomy, ventilator, recent transfusion, dialysis and hospice care. 
The C statistic for the model was 0.83.

b
Marital status missing for 12,862 individuals.

c
Household income level in the beneficiary's zip code of residence, obtained from the 2013 American Community Survey (ACS) estimates of the 

U.S. Census Bureau.

d
Distance between individuals' zip code of residence and the skilled nursing facility.

e
Length of stay quartiles based on expected length of stay for admitting diagnosis-related group major diagnostic category (DRG-MDC).
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