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Abstract

Objectives—Assess the influence of sex and age on inpatient rehabilitation outcomes in a large

national sample of older adults with TBI.

Design—Prospective case series.

Setting—848 inpatient rehabilitation facilities that subscribe to the UDSMR.

Participants—Patients (n = 18,413) aged 65 years and older admitted for inpatient rehabilitation

following TBI from 2005 through 2007.

Intervention—None.

Main Outcome Measures—Rehabilitation length of stay, discharge FIM motor and cognitive

ratings, discharge setting, and scheduled home health services at discharge.

Results—Mean age of the sample was 79±7 years and 47% were women. In multi-variable

models, higher age was associated with shorter lengths of stay (p < .001), lower discharge FIM

motor and cognitive ratings (p < .001), and greater odds of home health services at discharge (p < .

001). Women demonstrated shorter lengths of stay (p = .006) and greater odds of being scheduled

for home health services at discharge (p < .001) than men. The sex-by-age interaction term was

not significant in any outcome model. Sex differences and trends were consistent across the entire

age range of the sample.
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Conclusions—Sex and age patterns in rehabilitation outcomes among older adults with TBI

varied by outcome. The current findings related to rehabilitation length of stay may be helpful for

facility-level resource planning. Additional studies are warranted to identify the factors associated

with returning to home and to assess the long-term benefits of combined inpatient rehabilitation

and home health services for older adults with TBI.
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TBI among older adults is a significant public health concern in terms of both patient

wellbeing and healthcare system costs. Persons aged 65 years or older are at greater risk of

being hospitalized with a TBI than any other age group.1 Falls are responsible for more than

half of all TBI-related emergency department visits, hospitalizations, and deaths among

adults aged 65 years or older.2 Moreover, the risk of fall-related TBI increases substantially

for each 10-year age increase over the age of 65.3 Epidemiologic studies show that both the

total number and percentage of older adults with TBI have increased over the past few

decades.1,3,4

TBI often leads to permanent impairments in physical, cognitive, behavioral, and/or

emotional functioning.5 Many older adults with enduring physical or cognitive impairments

following acute hospitalization for a TBI are transferred to inpatient rehabilitation.6 A

previous study 7 concluded that age does not affect the degree of functional improvement

obtained during inpatient rehabilitation. Other studies, however, have shown that older

persons with TBI experience poorer rehabilitation outcomes than younger persons.8,9

Like age, sex is also an established risk factor for TBI. Men are consistently at higher risk of

TBI than women, with ratios greater than 2:1 in many age groups. However, the incidence

rates among older adults are about the same for men and women.10,11 Prior studies have

included sex as an independent predictor of TBI outcomes in acute hospitalization,12,13

inpatient rehabilitation,14,15 and longer-term community settings.16 While the results of

these studies are mixed, women achieved better outcomes than men on several short-term

measures. However, no study focused exclusively on adults aged 65 years and older.

TBI rehabilitation is a rapidly growing area of research.17,18 Despite the potential

importance of age and sex on TBI outcomes, little is known about the influence of sex

specifically among older adults who have sustained a TBI. Thompson and colleagues19

claim that there “is a significant gap in the [aging / TBI] literature.” Many factors that are

associated with recovery of function following injury, including sex, remain “understudied”

in older adults with TBI.19 The purpose of the current study was to assess the independent

and interactive effects of sex and age on inpatient rehabilitation outcomes in a large national

sample of adults aged 65 years and older with TBI. To our knowledge, this is the first study

to examine the interactive effects of sex and age on rehabilitation outcomes in older adults

with TBI.

There is no consensus on sex-based differences in TBI outcomes in studies with mostly

younger persons and there is no precedent in studies with older adults exclusively. However,
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given that women, in general, demonstrate greater resilience and longevity than men and

that age is an equalizer for many health disparities, we hypothesized that 1) older women

would experience better rehabilitation outcomes overall compared to older men, and 2) the

magnitude of male-female differences would diminish with increasing age. Information

from this study may be useful for estimating responses to rehabilitation and resource needs

for older adults with TBI.

METHODS

Data Source

Data were obtained from the UDSMR.20 Admission and discharge information was collected

from patient medical records contained within the IRF-PAI.21

Study Sample

The inclusion criteria for this study included patients who were 1) being admitted for initial

inpatient rehabilitation services following TBI, 2) aged 65 years or older at the time of

admission, 3) living at home prior to injury, and 4) discharged from rehabilitation in 2005

through 2007. Qualifying etiology included traumatic brain dysfunction coded with UDSMR

Impairment Group Codes 02.21 (Traumatic, Open Injury) and 02.22 (Traumatic, Closed

Injury).21 There were 19,411 patients in the initial sample. Exclusion criteria were 1)

duration from injury onset to admission > 365 days (n = 300), 2) program interruption for

readmission to acute care (n = 236), and 3) length of stay < 3 days or > 100 days (n = 462).

The final sample contained 18,413 patient records from 848 inpatient rehabilitation facilities

across the United States. Compared to the final sample, excluded patients were less likely to

be women, to have a closed head injury, and to be discharged home following rehabilitation.

In addition, excluded patients showed longer duration from injury onset to admission,

shorter lengths of stay in rehabilitation, and lower functional status at both admission and

discharge.

Variables

Demographic information—Age was recorded in years. The age variable was centered

at 65 years (centered age = patient age – 65) for entry in the multi-variable models in order

to facilitate interpretation and accuracy of the regression coefficients.22 Sex and marital

status (married vs. not married) were coded dichotomously. Self-reported race/ethnicity was

coded as black, Hispanic, white, and other categories. ‘Other’ included Asian, Hawaiian /

Pacific Islander, Native American / Alaskan, or unspecified. The race/ethnic groups were

dummy coded (0,1: reference = white) for entry in the regression models.

Living situation and home health—Self-reported living arrangement (alone vs. not

alone) and setting (home vs. not home) were coded dichotomously and recorded for both

pre- and post-hospitalization. As described above, living at home pre-hospitalization was an

inclusion criterion for this study. A dichotomous (yes vs. no) variable was also coded to

identify patients discharged home who were scheduled for continued services through a

home health agency.
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Admission delay and length of stay—Admission delay refers to the time between

injury onset and admission to inpatient rehabilitation. Length of stay refers to the time from

rehabilitation admission to discharge. Both were measured in days.

Comorbidities and injury type—A summary score was calculated for the total number

of additional health conditions (range: 0–10) beyond the primary diagnosis: all ICD-9 codes

(maximum of 10) recorded in each patient’s medical record. Skull integrity was recorded

dichotomously (open vs. closed head injury).

Functional status—Functional status data were obtained using the FIM instrument at

admission and discharge. The FIM instrument contains 18 items covering six domains of

functioning: self-care (activities of daily living), sphincter control, transfers, locomotion,

communication, and social cognition. Each item is scored on a on a scale from 1 (complete

dependence) to 7 (complete independence); i.e., higher scores represent better functioning/

greater independence. The FIM motor subscale contains 13 items (range of possible scores:

13–91) and the FIM cognitive subscale contains 5 items (range of possible scores: 5–35).

The reliability, validity, and responsiveness of the FIM instrument are well documented.23

Efficiency—Rehabilitation efficiency was defined as the average functional improvement

per day. It is calculated by subtracting admission FIM total from discharge FIM total to

obtain FIM total gain and then dividing this value by length of stay in days.

Data Analysis

Univariate differences between older women and men were tabulated for all variables.

Independent t-tests were used for numerical variables, and chi-square tests for categorical

data. Multiple linear regression models were used to assess the independent effects of

sociodemographic, case complexity, and functional status factors on length of stay,

discharge FIM motor ratings, and discharge FIM cognitive ratings. Logistic regression was

performed to examine the effects of these factors on discharge setting (not home vs. home)

and being scheduled to receive home health services (no vs. yes). An interaction variable

linking sex with age was also included in all five outcome models. The interaction variable

was created by dummy coding the sex variable (reference category = men) and then

multiplying this by the value of the (numerical) age variable. All variables were entered as a

single block. The lists of variables included in each model are displayed in the two

consolidated regression tables (Tables 2 and 3). Lastly, we calculated and graphed expected

values for each outcome by sex and age. For these calculations, the most likely sex-specific

values (group means or modes) for all variables in the models were multiplied by the

respective regression coefficients. Alpha was set to 0.05. SPSS version14 softwarea was

used for all statistical analysis.

aSPSS version 14.0; SPSS Inc, 233 S Wacker Dr, Chicago, IL 60606.
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RESULTS

Sample Characteristics

Women represented 47% of the 18,413 older adults (79±7 years) in our sample who

received inpatient rehabilitation following TBI from 2005 through 2007. The sample was

predominantly white, slightly more than half were married, and approximately one-third was

living alone at the time of the injury. More than 97% of patients experienced closed head

injuries and the mean rehabilitation admission delay was 13 days. On average, patients had 8

comorbid conditions and admission FIM total scores of 56. Following a mean length of stay

of nearly 15 days and average FIM total gain (efficiency) of approximately 2 points per day,

discharge FIM total scores averaged 81 and nearly two-thirds of patients were discharged

home. Table 1 displays summaries of all variables for the total sample and for men and

women.

Univariate Analyses of Sex Differences

Sociodemographic variables—Significant sex differences were observed in age, race,

marital status, and pre-morbid living situation. Overall, women were approximately two

years older than men and a slightly higher percentage of women were white. Women were

also half as likely to be married and nearly twice as likely to be living alone prior to their

injury.

Case complexity—Only rehabilitation admission delay reached statistical significance; on

average, women were admitted to rehabilitation following TBI nearly three days sooner than

men. No sex differences in injury type or number of comorbidities were observed.

Functional status, length of stay, and discharge situation—Women displayed

slightly higher function on motor and cognitive tasks at both admission and discharge, they

were discharged nearly one day earlier than men, and they were more likely to be scheduled

for post-discharge home healthcare. However, there was no sex difference in rehabilitation

efficiency or in the percentage of women and men discharged home.

Multi-Variable Models

The multi-variable models are shown in Tables 2 and 3. The sex-by-age interaction variable

did not reach statistical significance in any of the outcome models.

Length of stay—While controlling for sociodemographic information, case complexity

factors, and admission functional status, both sex (p = .006) and age (p < .001) were

significantly related to rehabilitation length of stay. Length of stay was approximately two-

thirds of a day (b = −0.66) shorter for women than for men. The age coefficient (b = −0.07)

suggests that each 10 year increase in age was also associated with approximately two-thirds

of a day shorter stay. Figure 1 displays projected lengths of stay for both women and men by

age, adjusted for all variables listed in Table 2.

Functional status—After controlling for sociodemographic information, case

complexity, admission functional status, and length of stay, sex was not significantly
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associated with either FIM motor (p = .223) or FIM cognitive (p = .740) ratings at discharge.

Age was significantly related to both FIM subscales (p < .001). The main effect for age

suggests that discharge FIM motor (b = −0.27) decreases nearly 3 points and discharge FIM

cognitive (b = −0.05) decreases one-half point with a 10 year increase in age. Figures 2 and

3 highlight the significant main effects of age and the trends for sex differences and provide

FIM subscale ratings adjusted for all variables listed in Table 2.

Discharge situation—After controlling for sociodemographic information, including

living situation prior to admission, case complexity factors, and discharge functional status,

neither sex (p = .113) nor age (p = .835) was related to likelihood of home discharge.

Conversely, among those discharged home, both variables (p < .001) were associated with

probability of being scheduled for home healthcare services following discharge. Women

demonstrated approximately 50% greater odds of being scheduled for home health services

than men (OR = 1.51). Using the coefficient for the age effect (OR for single year = 1.05) to

calculate the odds ratio for a 10-year age difference, suggests that a 75 year old had a 61%

greater odds of scheduled home health services than a 65 year old. Figures 4 and 5 display

percentages of home discharge and home healthcare, respectively, for women and men by

age, while controlling for all variables listed in Table 3.

DISCUSSION

Few studies have examined older adults with TBI exclusively19 and relatively little is known

regarding the differences within and between groups of older women and men.24 This study

provides a broad snapshot of admission characteristics and outcomes for adults aged 65

years and older admitted to inpatient rehabilitation following TBI, and it highlights the

influence of sex and age on these latter measures. We hypothesized that women would

generally fare better than men and that the sex advantage would be moderated at older ages.

Multi-variable analyses showed that sex differences were not uniform across rehabilitation

outcomes. Specifically, women experienced shorter stays in rehabilitation and were more

likely to be scheduled for home health services at discharge than men, but functional status

and discharge setting did not significantly differ by sex. In addition, these sex differences

and trends were not significantly moderated by patient age.

On average these older adults with TBI stayed in inpatient rehabilitation for just over two

weeks. Two previous studies, involving TBI Model Systems subjects, reported longer

lengths of stay (mean of approximately 20 days). In contrast to our sample, those studies

included patients of all ages (means = 38 and 52 years) and larger proportions were men (>

70% in both studies).15,25 A relatively older study using TBI Model Systems data showed

that those 55 years and older stayed in inpatient rehabilitation almost twice as long as those

younger than 55 years (mean 56 days in the older compared to 31 days in the younger

group).9 It should be noted that all three prior studies used data that preceded the PPS for

inpatient rehabilitation, whereas the current study sample was admitted entirely in the PPS

era. Introduction of the PPS likely had a substantial influence on TBI rehabilitation length of

stay.25 None of these prior studies investigated outcome differences by sex.
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Both sex and age were significant factors in the amount of time our sample of older adults

with TBI spent in rehabilitation (Table 2). A prior study15 using a similar multiple linear

regression analysis, but in a younger sample with complicated mild TBI, yielded no

significant relationship between sex and rehabilitation length of stay. The authors of that

study did report a significant relationship between age and rehabilitation length of stay, but

regression coefficients were not provided. Figure 1 displays the main effects of sex and age

on length of stay for the current study and converts the regression statistics to clinically-

relevant values.

While the sex differences in length of stay may seem trivial at the individual level, these

differences can have substantial implications at the facility and national levels. The current

sample contained comparable numbers of women and men; approximately 9,000 each.

Multiplying these numbers by the predicted mean difference of two-thirds of a day translates

to 5,940 more days that men spent in rehabilitation than women, over the 3 years included in

this study. Although sex is not a factor in the current prospective payment environment, it is

reasonable to assume that over time sex may impact facility resource and staffing needs

associated with caring for older adults with TBI.

Age was significantly related to both FIM motor and cognitive subscales at discharge;

however, the implications of these relationships (b = −0.27 and b = −0.05, respectively) are

not clinically meaningful. The impact of age on various health and function outcomes

following TBI has been addressed in numerous studies. Reeder et al.7 found that after

controlling for injury etiology, injury severity, and demographic information, age was not a

significant predictor of inpatient rehabilitation functional outcomes. On the other hand, Cifu

et al.9 showed that older persons with TBI had significantly longer rehabilitation lengths of

stay, higher total rehabilitation charges, and a lower rate of functional change, with no

statistically significant differences in rehabilitation discharge disposition. Similarly, Frankel

et al.8 found that older rehabilitation patients with TBI progressed with less efficiency on the

Disability Rating Scale and FIM instrument. Older age also has an impact on longer-term

outcomes after rehabilitation,26 as well as on decline over time post-injury.27,28 Hammond

and colleagues 29 reported that age was predictive of improvement on the FIM items of

comprehension and expression from year 1 to year 5 post-injury, but not predictive of

decline in these items, nor was age predictive of positive or negative changes in memory and

problem solving or social interaction.

Women exhibited higher motor and cognitive functioning than men at both admission and

discharge (Table 1). However, in the multi-variable models for functional status at

discharge, sex was not a significant factor when controlling for sociodemographic, injury

complexity, functional status at admission, and length of stay variables (Table 2). In

addition, women and men made similar functional gains during their inpatient rehabilitation

stay. Thus, from a functional independence perspective, it is reasonable to conclude that the

response to rehabilitation was similar among older women and men with TBI. The mean

functional improvement (efficiency) observed in the current study was 1.96 FIM points per

day, which is similar to a previously reported value in a study of younger and predominately

male TBI patients (median = 1.98 FIM points per day).25
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Prior studies addressing sex effects on TBI outcomes have yielded mixed results across a

broad range of measures. Kraus et al.12 reported women to have higher mortality rates and

to be more severely disabled than men 18 months post injury. Additionally, a meta-analysis

of 8 TBI studies concluded that women did worse than men on 85% of outcome measures.24

Outcomes included length of post-traumatic amnesia, number of postconcussive symptoms,

and the development of new psychiatric symptoms. Conversely, Slewa-Younan et al.13

found that women aged 50 years and younger demonstrated better Glasgow Outcome Scale

scores and shorter hospital lengths of stay than men. Ratcliff and colleagues16 evaluated sex

differences in neuropsychologic performance one-year post-injury, using TBI Model

Systems data. Women performed significantly better than men on tests of attention/working

memory and language, while men outperformed women on visual tests. Given that these

studies included relatively younger patients, these results may not be readily generalized to

older persons19 such as the current sample.

Neither sex nor age was significantly related to home discharge. The strongest predictors of

home discharge in the multi-variable logistic model were race/ethnicity, living situation

prior to TBI, and marital status (Table 3). Using multinomial logistic regression, Chang and

colleagues30 recently reported robust race/ethnicity differences in discharge disposition

following inpatient rehabilitation among older adults with TBI; with institutionalization as

the reference category, they showed that black patients, for example, had two times greater

odds of going home and 78% lesser odds of going to assisted living compared to white

patients. In the current study, all 3 non-white cohorts demonstrated greater odds of home

discharge than whites. Married persons also showed greater odds of home discharge than

unmarried ones. And, individuals living alone prior to their injury had lesser odds of home

discharge than those living with someone. Interestingly, fewer women than men in our study

were white or married and more were living alone pre-injury. Thus, given the independent

relationships between these variables and home discharge, it would be logical to assume that

women were less likely to go directly home following rehabilitation. However, there was no

unadjusted (Table 1) or adjusted (Table 3) difference in the percentages of older women and

men discharged home. Figure 4 does show a trend for a higher percentage of women

discharged home compared to men across the entire age range of older adults.

Better family and/or social structure is believed to underlie race/ethnicity-based increases in

likelihood of home discharge.31,32 Given that women were half as likely to be married and

twice as likely to be living alone, the current data do not support this assumption for home

discharge by sex among older adults with TBI. One plausible explanation for the current

findings may be that women are more proficient than men at common activities of daily

living such as managing finances, housework, cooking, and grocery shopping following

TBI.33 Conversely, Whiteneck et al.34 showed that a higher proportion of women needed

assistance with both physical and cognitive activities one year post injury compared to men,

in a population-based TBI sample ranging in age from 16 to 96 years.

This study also included scheduled home health services as an inpatient rehabilitation

outcome; i.e., a perceived need for continued services as determined by the rehabilitation

team at discharge. More women were scheduled to receive home healthcare services than

men, suggesting that sex either directly or indirectly (home circumstances) factored into the
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discharge planning process. In the multi-variable logistic regression model (Table 3),

women demonstrated 51% greater odds of being scheduled for home healthcare services

after discharge than men. Age was also positively associated with increased odds of

scheduled home health services. The availability of home healthcare is likely allowing more

people to be discharged home than would be possible without the availability of these

services. Further study is needed to ascertain the set of factors and complex relationships

underlying home discharge following inpatient rehabilitation among older adults with TBI.

In addition, investigations on the benefits of combination therapy (inpatient rehabilitation +

home health and/or outpatient services) in promoting independence and preventing

secondary complications are needed to increase our understanding of the long-term recovery

potential of older adults with TBI.

Study Limitations

The lack of information on the patients’ status and experiences prior to rehabilitation

admission is a limitation of this study. Knowledge of factors such as pre-injury disability

status as well as the original severity and cause of the injury would increase our

understanding of the TBI recovery process and of sex differences among older adults. We

controlled for admission functional status, number of comorbidities, and days from TBI

onset to rehabilitation admission when assessing outcomes. However, it was not possible to

evaluate the degree of recovery relative to pre-TBI functioning or the relationship between

post-rehabilitation functional status and original injury severity. Also, we did not identify

and include specific comorbidities that may have been disproportionately prevalent in

women or men. Rather, we used an index of comorbidity. Lastly, we did not have a measure

of extended-family or social support that might have helped to explain the apparent

discrepancy between living situation (e.g. alone) and home discharge. A key strength of this

study is the use of a large national sample, which provides sufficient statistical power and

generalizable findings. In addition, this is the first investigation on the influence of sex and

age, including a sex-by-age interaction term, on rehabilitation outcomes among older adults

with TBI.

CONCLUSION

We identified certain differences in inpatient rehabilitation outcomes between older women

and men with TBI. Age was significantly related to four of the five outcomes included in

this study. Home discharge was the only outcome not significantly associated with age. The

sex-by-age interaction term did not reach significance in any models, suggesting that the

main effects for sex are consistent across the entire age range of older adults in our sample.

Multivariable analyses showed that motor and cognitive functional status at discharge as

well as odds of home discharge were similar for women and men, whereas length of stay

and home healthcare outcomes differed by sex. Women were discharged from rehabilitation

sooner than men and this information may improve resource planning at the facility level.

Women were also more likely to be scheduled for home health services at discharge. Future

studies should address the interconnected factors associated with returning home and the

long-term benefits of combined inpatient rehabilitation and home health services for older

adults with TBI.
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Figure 1.
Predicted values for length of stay by age and sex adjusted for all other variables listed in

Table 2.
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Figure 2.
Predicted values for discharge FIM motor ratings by age and sex adjusted for all other

variables listed in Table 2.
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Figure 3.
Predicted values for discharge FIM cognitive ratings by age and sex adjusted for all other

variables listed in Table 2.
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Figure 4.
Predicted percentages of patients discharged home by age and sex adjusted for all other

variables listed in Table 3.
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Figure 5.
Predicted percentages of home-discharged patients scheduled to receive home healthcare

services by age and sex adjusted for all other variables listed in Table 3.
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Table 1

Patient characteristics and outcomes for TBI rehabilitation by sex.

Total Men Women p-value

N 18,413 9,763 8,650

Age, yrs 79.19 (7.39) 78.29 (7.35) 80.22 (7.30) <.001

Race/ethnicity .002

 White 86.5% 85.7% 87.5%

 Black 5.1% 5.6% 4.5%

 Hispanic 4.2% 4.4% 4.1%

 Other 4.1% 4.3% 3.9%

Married 51.6% 67.6% 33.6% <.001

Living alone pre injury 32.5% 22.8% 43.4% <.001

Closed injury 97.4% 97.2% 97.7% .058

Admission delay, days 12.98 (19.43) 14.66 (21.38) 11.08 (16.77) <.001

Comorbidities, number 8.02 (2.43) 8.02 (2.45) 8.01 (2.41) .661

FIM motor: admit 36.77 (13.49) 36.05 (13.87) 37.58 (13.01) <.001

FIM cognitive: admit 18.94 (7.77) 18.08 (7.78) 19.90 (7.66) <.001

FIM total: admit 55.71 (19.04) 54.13 (19.47) 57.49 (18.37) <.001

Length of stay, days 14.92 (8.36) 15.30 (8.96) 14.49 (7.60) <.001

FIM motor: discharge 57.76 (17.51) 57.12 (18.12) 58.48 (16.77) <.001

FIM cognitive: discharge 23.28 (7.35) 22.67 (7.47) 23.98 (7.15) <.001

FIM total: discharge 81.04 (22.87) 79.78 (23.62) 82.46 (21.90) <.001

Efficiency 1.96 (1.69) 1.96 (1.77) 1.96 (1.58) .996

Discharged home 65.6% 65.5% 65.7% .729

Scheduled for home healthcare* 60.9% 56.0% 66.3% <.001

Values are mean (sd) or percentage.

*
Percentages are based on the 12,082 patients who were discharged home.
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