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Abstract

OBJECTIVE—To determine whether functional status near the time of discharge from acute care
hospitalization is associated with acute care readmission.

PATIENTS AND METHODS—Retrospective cohort study of 9405 consecutive patients
admitted from an acute care hospital to an inpatient rehabilitation facility between July 1, 2006
and December 31, 2012. Patients’ functional status at admission to the rehabilitation facility was
assessed by the Functional Independence Measure (FIM) score, and divided into low, middle, or
high functional status. The main outcome was readmission to an acute care hospital within 30 days
of acute care discharge (for all patients and by subgroup according to diagnostic group: medical,
orthopedic, or neurologic).

RESULTS—There were 1182 (13%) readmissions. FIM score was significantly associated with
readmission, with adjusted odds ratios (ORs) and 95% confidence intervals (ClIs) for low and
middle versus high FIM score category of 3.0 (2.5-3.6; P <0.001) and 1.5 (95% CI: 1.3-1.8; P <
0.001), respectively. This relationship between FIM score and read-mission held across diagnostic
category. Medical patients with low functional status had the highest readmission rate (OR: 29%;
95% CI: 25%-32%) and an adjusted OR for readmission of 3.2 (95% CI: 2.4-4.3, P < 0.001)
compared to medical patients with high FIM scores.

CONCLUSIONS AND RELEVANCE—For patients admitted to an acute inpatient
rehabilitation facility, functional status near the time of discharge from an acute care hospital is
strongly associated with acute care readmission, particularly for medical patients with greater
functional impairments. Reducing functional status decline during acute care hospitalization may
be an important strategy to lower readmissions.
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Federally mandated pay-for-performance initiatives promote minimizing 30-day hospital
readmissions to improve healthcare quality and reduce costs. Although the reasons for
readmissions are multifactorial, many patients are readmitted for a condition other than their
initial hospital admitting diagnosis.! Impairments in functional status experienced during
acute care hospitalization contribute to patients being discharged in a debilitated state and
being vulnerable to postdischarge complications and potentially hospital read-mission.2 As
such, decreased functional status may be an important and potentially modifiable risk factor
for acute care hospital readmission.3

Previous studies have suggested that impaired functional status may be an important
predictor of rehospitalization.*~” However, inferences from existing studies are limited
because they did not consider functional status as their primary focus, they only considered
specific patient populations (eg, stroke) or readmissions occurring well beyond the 30-day
period defined by federal pay-for-performance standards.*-6:8-10 Qur objective was to
evaluate the association between functional status near the time of discharge from acute care
hospital and 30-day readmission for patients admitted to an acute inpatient rehabilitation
facility. As a secondary objective, we sought to investigate the relationship between
functional status and readmission by diagnostic category (medical, neurologic, or
orthopedic).

METHODS

Study Population and Setting

We conducted a single-center, retrospective study of patients admitted to an inpatient
rehabilitation facility at a community hospital between July 1, 2006 and December 31, 2012.
This facility provides intensive rehabilitation consisting of 3 hours of therapy per day,
skilled nursing care on a 24-hour basis, and medical care by a physiatrist. We excluded
patients who died during inpatient rehabilitation (n = 15, 0.2%) and patients not admitted
directly from an acute care setting (n = 178, 2.0%).

Data Source and Covariates

Data were derived from the Uniform Data System for Medical Rehabilitation (UDSMR),
which is an administrative database providing the following data upon admission to an
inpatient rehabilitation facilityl1-13: age, gender, race/ethnicity, marital status, the discharge
setting, the admission Functional Independence Measure (FIM) score (details further
below), and admission diagnostic category as defined by the primary discharge diagnosis
from the acute care hospital and grouped by functional related groups (a case-mix system for
medical rehabilitation).1214 The 3M Clin-Trac management software (3M, St. Paul, MN),
used for mandatory reporting to the State of Maryland, provided all-payer—refined diagnosis
related group (APRDRG) and severity of illness (SOI) combinations (a tool to group
patients into clinically comparable disease and severity-of-illness categories expected to use
similar resources and experience similar outcomes). The University HealthSystem
Consortium (UHC) database provided national readmission rates for all APRDRG-SOI
combinations using a methodology that has been previously described.1>16 Expected
readmission rates for APRDRG-SOI combinations served as a patient risk stratification tool
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based on clinical logic that evaluates age, comorbidities, principal diagnosis during
hospitalization, and procedures conducted during hospitalization.1”

Primary Outcome: Acute Care Readmission

The primary outcome was all-cause acute care read-mission, defined as patient transfer to an
acute care hospital during inpatient rehabilitation within 30 days from admission to inpatient
rehabilitation. The care model for our inpatient rehabilitation unit is such that when patients
become sick or develop a complication, they are admitted directly to a clinical unit (eg,
intensive care unit) at the community hospital through a rapid-response intervention, or the
physiatrist arranges with an admitting inpatient attending to accept the patient directly to his
or her service.

Primary Exposure: Functional Independence Measure

Functional status was measured using the FIM score.18 The FIM score is an 18-item
measure of functional status, with each item scored on a scale from 1 to 7 (dependent to
independent). Various aspects of motor function and cognitive function are assessed. The
FIM has been validated and shown to be reliable and reproducible.13.19.20 By definition for
the FIM instrument, admission FIM scores are assessed by trained multidisciplinary
personnel first over the 72 hours of the rehabilitation stay, and for this study served as a
proxy for patient functional status upon discharge from the acute care setting in our analysis.
This 72-hour time window allows for full assessment by therapists and nurses; however, in
clinical practice at the inpatient rehabilitation unit involved in this study, much of the FIM
assessment occurs within the first 24 hours of the rehabilitation stay. For our analysis, we
divided FIM scores into low, medium, and high functional groups. The thresholds for these
groups were based on total FIM score tertiles from a prior study—<60, 60 to 76, and >76.16
As a secondary analysis we created 6 subscales of the overall FIM score based on previous
research. These subscales included: transfers (transfer to chair/wheelchair, toilet, and tub/
shower), locomotion (walking and stairs), self-care (eating, grooming, bathing, dressing, and
toileting), sphincter control (bladder and bowel management), communication
(comprehension and expression), and social cognition (social interaction, problem solving,
and memory).2

Statistical Analysis

To evaluate differences in patient characteristics by diagnostic category, analysis of variance
and y2 tests were used for continuous and dichotomous variables, respectively. Logistic
regression was used to evaluate the association between FIM score category and read-
mission status, adjusting for potentially confounding variables available from the UDSMR
and UHC databases. We used interaction terms to test whether the association between the
FIM score and readmissions varied significantly across diagnostic categories and by age. As
a secondary analysis, we modeled FIM score as a continuous variable. We expressed the
odds ratio in this analysis per 10-point change in FIM, because this represents a clinically
relevant change in function.?? Logistic regression was also used to evaluate the association
between FIM subscale scores (transfers, locomotion, self-care, sphincter control,
communication, and social cognition) and readmission status. Statistical significance was
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defined as a 2-sided P < 0.05. Data were analyzed with R (version 2.15.0; http://www.r-
project.org). This study was approved by the Johns Hopkins and MedStar Health System
institutional review boards.

Readmitted Patients and Diagnostic Categories

A total of 9405 consecutive eligible patients were admitted to the acute inpatient
rehabilitation facility between July 1, 2006 and December 31, 2012. A total of 1182 (13%)
patients were readmitted back to an acute care hospital from inpatient rehabilitation. Median
(interquartile range) time to readmission from acute care hospital discharge was 6 days (3—
10 days), and median length of stay for patients who were discharged to the community
from inpatient rehabilitation was 8 days (6—12 days).

Table 1 shows characteristics of all inpatient rehabilitation patients by diagnostic category.
For the neurologic category, the most common primary diagnoses were stroke and spinal
cord injury; for the medical category, infection, renal failure, congestive heart failure, and
chronic obstructive pulmonary disease; and for the orthopedic category, spinal arthrodesis,
knee and hip replacements. Mean FIM scores were lowest and highest for patients admitted
with a primarily neurologic and orthopedic diagnosis, respectively.

FIM Score Category and Risk of Readmission

Figure 1 shows that patients in the low admission FIM score category had the highest
unadjusted rate of readmission for each diagnostic category. In unadjusted analysis, Table 2
shows that younger age, male sex, APDRG-SOI expected readmission rate, and orthopedic
and medical diagnostic categories were associated with readmission. As a continuous
variable, FIM scores were linearly associated with readmission (Figure 2), with an
unadjusted odds ratio (OR) and 95% confidence interval (Cl) of 1.4 (1.4-1.4, P < 0.001) for
a 10-point decrease in FIM. Compared to patients with high admission FIM scores, patients
with low and middle FIM scores had higher unadjusted odds of readmission (OR: 4.0; 95%
Cl: 3.4-4.7; P <0.001 and OR: 1.8; 95% ClI: 1.5-2.1; P < 0.001, respectively). Mean FIM
subscale scores for patients readmitted versus not readmitted were transfers (5.3 vs 7.0, P <
0.001), locomotion (1.6 vs 2.3, P < 0.001), self-care (17.0 vs 20.8, P < 0.001),
communication (10.6 vs 11.5, P < 0.001), and social cognition (15.1 vs 16.6, P < 0.001).

Multivariable and Subset Analyses

Patients with a primary medical diagnosis had higher odds of readmission to the hospital,
(OR: 1.8; 95% CI: 1.6-2.1, P < 0.001), relative to patients with a neurologic or orthopedic
diagnosis (Table 2). Across all diagnoses, the adjusted odds ratios (95% Cls) for the low and
middle versus high FIM score category were 3.0 (2.5-3.6; P < 0.001) and 1.5 (1.3-1.8; P <
0.001) respectively (Table 2). When modeled as a continuous variable, a 10-point decrease
in FIM score was associated with a significantly increased adjusted readmission rate (OR:
1.4; 95% ClI: 1.3-1.4; P < 0.001). In adjusted analysis including all subscales of the FIM,
only the physical subscales, transfers (P < 0.001), locomotion (P = 0.002), and self-care (P <
0.001), were significantly associated with read-mission. For each diagnostic category, there
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were similar significant associations between admission FIM score group and readmission
status (Table 3). The odds of readmission by FIM score did not differ significantly across
the 3 major diagnostic categories (P = 0.20 for interaction term), suggesting that the effect of
functional status was similar across various types of patients. We also did not observe a
statistical interaction between age and FIM score group in predicting readmission (P = 0.58).
Patients in the lowest FIM group with a medical diagnosis had the highest adjusted
readmission rate of 28.7% (Table 3).

DISCUSSION

In this study of 9405 consecutive patients admitted from acute care hospitals to a single
inpatient rehabilitation facility, we investigated the association between functional status and
readmission to an acute care hospital. We found that low functional status near the time of
acute care hospital discharge was strongly associated with higher readmission rates. This
relationship was consistently observed across major patient diagnostic categories, with low
functioning medical patients having the highest rate of readmission (28.7%). Efforts to
maintain or improve functional status during acute care hospitalization may be an important
modifiable risk factor for acute care hospital readmission.

Previous studies have suggested that functional status may serve as an indicator of
physiological reserve, and therefore vulnerability to medical complications and
readmission.®:16:23-25 physiologic reserve refers to a person's ability to endure acute illness
and is influenced by a number of factors, such as the adequacy of oxygen delivery to tissues,
cardiovascular health, immune state, and nutritional status.28 We found that motor subscales
of the FIM score (transfers, locomotion, and self-care), but not the other subscales, were
independently associated with readmissions, which may suggest that lower motor scores are
a stronger marker of physiologic reserve.10:16.27 Although not our primary focus, we did
note in our multivariable models that after adjusting for functional status, patients in a
medical diagnostic category had higher readmission rates compared to patients with a
primary neurologic or orthopedic diagnosis, but the impact of FIM score was consistent
across all these diagnostic categories. We speculate that medical conditions that result in
hospitalization, such as sepsis or acute kidney failure, may be more likely to result in
multiorgan dysfunction that may impair physiological reserve and increase susceptibility to
medical complications.28-31 In comparison, acute neurologic and orthopedic diagnoses, such
as stroke or hip arthroplasty, directly impair gross motor function,32-3% with relative sparing
of overall physiologic reserve.

The association between low functional status and readmissions is supported by previous
studies across multiple hospital settings.*>7-9.27.36 Degpite this finding, routine inpatient
medical practice may not fully address functional impairments. For instance, systematic
measurement and documentation of functional status on admission and during
hospitalization are not routine and may be a barrier to identifying medical patients at high
risk for readmission.37=3% Moreover, without recognition of functional impairment and its
implications, current clinical practice may suboptimally prevent and treat physical
impairments during inpatient care. However, such barriers can be surmounted. For example,
in the medical intensive care unit setting, there is growing recognition that proactive and
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aggressive management of hospital-acquired functional impairments through early
rehabilitation is safe and feasible, improving patient outcomes while reducing hospital costs
and readmissions.340-51 Moreover, 2 recent meta-analyses have shown that physical therapy
hospital-based exercise programs can improve length of stay, overall hospital costs, and
rates of discharge to home.>2:3 Finally, a randomized trial has demonstrated that an
individualized exercise regimen started in the acute hospital setting with long-term
telephone follow-up can significantly reduce emergency hospital readmissions and improve
quality of life in older adults.>*

Therefore, decreased functional status likely represents a modifiable risk factor for hospital
readmission, and further research is necessary to more systematically identify low-
functioning patients and implement early mobility and activity programs to reduce hospital-
acquired functional impairment.249:55

Our analysis has potential limitations. First, this was an observational study and we are
unable to demonstrate a direct cause-and-effect relationship between functional status and
readmission. However, our results are consistent with prior literature in this field. Second,
our cohort only included patients who were discharged from an acute hospital to a
rehabilitation facility, which may limit its generalizability. However, we included a large
patient sample size with a broad range of admission FIM scores, and our findings are
consistent with other studies conducted in different clinical settings. Third, although 1 of our
goals was to evaluate how readmission rates differed by diagnostic category, it is possible
that individual diagnoses within each category may have different risks for readmission, and
future larger studies could evaluate more detailed diagnostic grouping approaches. Fourth,
we also recognize that although FIM score assessment has been validated, admission
assessment occurs over a 72-hour time period, during which patients’ function could
potentially change a clinically meaningful degree. Fifth, there may be residual confounding
because of limitations in available data within our administrative dataset; however, we did
account for severity of illness using a standardized measure, and prior research has
demonstrated that the relationship between functional status and readmissions may be
minimally confounded by demographic and clinical variables.8:16:27:56 Finally, we lacked
readmission data following discharge from rehabilitation; it is possible that the association
between FIM score at the time of rehabilitation initiation may have had limited predictive
value among patients who successfully completed rehabilitation and were sent home.

CONCLUSION

In conclusion, in this study of patients admitted from acute care hospitals to a single
inpatient rehabilitation facility, we observed a strong association between decreased
functional status and increased hospital readmission. In particular, medical patients with
lower physical functioning exhibited an especially high rate of readmission. Incorporating
functional status assessment into routine medical care may help identify patients at higher
risk of readmission. Moreover, preventing and treating impaired functional status during
inpatient admission, through early activity and mobility, should be evaluated as a way of
improving patient outcomes and reducing hospital readmissions.
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Association between admission FIM scores and readmission. (A) A plot of admission FIM
score and the observed probability of readmission (open circles), with a locally weighted
scatterplot smoothing line and 95% confidence bands (grey shading). (B) A linear
relationship between FIM score and log odds of readmission to acute care hospital.
Abbreviations: FIM, Functional Independence Measure.
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Characteristic All Patients, N = 9405 Diagnostic Category
Neurc:;lggéc, n= Medical, n = 2135 Ortho%egﬂc, n= PVaJueT

Age, y 67.8(14.2) 66.7 (15.3) 67.0(14.9) 69.3(12.4) <0.001
Male 4,068(43%) 1,816(49%) 1,119(52%) 1,133(32%) <0.001
Race <0.001

Caucasian 6,106(65%) 2344(63%) 1,320(62%) 2,442(69%)

African American 2,501 (27%) 984(27% 658(31%) 859(24%)

Other 798(8%) 378(10%) 157(7%) 263(7%)
Married 4,330(46%) 1,683(45%) 931 (44%) 1,716(48%) 0002
APRDRG-SOI expected 18.0(7.4) 20.5(6.8) 21.3(7.5) 13.5(5.6) <0.001
readmission rate
Total admission FIM score 68.7(17.2) 60.4 (18.6) 69.1 (15.5) 77.2(11.7) <0.001

NOTE: Abbreviations: APRDRG, all-payer-refined diagnosis-related group; FIM, Functional Independence Measure; SOI, severity of illness.

*

Continuous variables are presented as mean (standard deviation); dichotomous variables are presented as n (%).

TP values calculated using analysis of variance and X2 tests for continuous and dichotomous variables, respectively.
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TABLE 2

Association Between Patient Characteristics, FIM Scores, and 30-Day Readmission Status

BivatriaLbIeAnalysisJr MultivariableAnalysisT
Characteristic All Patients, N = Readmitted, n = OR (95% CI) PValue OR(95% CIl) P Value
9405 1,182

Age, y 68.0(14.2) 66.4(14.5) 0.9(0.9-1.0)  <0.001  0.9(0.9-1.0)  <0.001
Male 3,431(42%) 637(54%) 16(14-18) <0001  13(L1-15)  <0.001
Race

Caucasian 5,340(65%) 766(65%) 1.0 1.0

African American 2,177(26%) 324(27%) 1.0(0.9-1.2) 0.60 1.0(0.8-1.1) 0.75

Other 706 (9%) 92(8%) 0.9(0.7-1.1) 0.41 0.8(0.6-1.0) 0.12
Married 3,775(46%) 555(47%) 1.0(0.9-1.2) 0.50 1.0 (09-1.2) 0.67
Admission diagnosis category

Neurologic 3,205(39%) 501 (42%) 1.0 1.0

Medical 1,726(21%) 409(35%) 15(1.3-17)  <0.001  1.8(1.6-21)  <0.001

Orthopedic 3,292(40%) 272(23%) 05(05-06)  <0.001  1.3(1.1-1.6) 0.005
APDRG-SOI expected readmission rate 17.4(7.1%) 22.2(8.0%) 1.1(1.1-1.1) <0.001 1.1(1.0-1.1) <0.001
Total FIM score category

High FIM, >76 points 3,517(43%) 257(22%) 1.0 1.0

Middle FIM, 60-points 2,742(33%) 353(30%) 1.8(1.5-2.1) <0001  15(1.3-1.8)  <0.001

Low FIM, <60 points 1,964(24%) 572(48%) 40(34-47) <0001 3.0(25-36)  <0.001

NOTE: Abbreviations: APRDRG, all-payer-refined diagnosis-related group; Cl, confidence interval; FIM, Functional Independence Measure; OR,
odds ratio; SO, severity of illness.

*
Binary and categorical data are presented as n (%), and continuous variables are represented as mean (standard deviation). Proportions may not
add to 100% due to rounding.

TCalculated using logistic regression analysis.
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TABLE 3
Adjusted Association of FIM Score With 30-Day Readmissions by Diagnostic Category

No. MultivariabIeAnaIysis* Adjusted Readmission RatasT % (95% ClI)
OR (95% CI) P Value
Neurologic
High FIM (>76 points) 755 1.0 7.3(4.7-10.0)
Middle FIM (60-76 points) 1,283 1.4 (1.0-2.1) 0.06 9.1 (7.0-11.1)
Low FIM (<60 points) 1,668  3.3(2.3-47)  <0.001 18.7(16.8-20.6)
Medical
High FIM (>76 points) 807 1.0 11.2(8.1-14.3)
Middle FIM (60-76 points) 766 1.8(1.3-2.4)  <0.001 17.7(14.5-20.9)
Low FIM (<60 points 562  3.2(24-43)  <0.001 28.7(25.1-32.4)
Orthopedic
High FIM (>76 points) 2,212 1.0 6.1 (4.7-7.6)
Middle FIM (60-76 points) 1,046  1.4(1.1-1.9) 0.02 8.3 (6.4-10.1)
Low FIM (<60 points 306  2.2(15-33)  <0.001 13.5(10.4-16.7)

NOTE: Abbreviations: APRDRG, all-payer-refined diagnosis-related group; CI, confidence interval; FIM, Functional Independence Measure; OR,
odds ratio; SOI, severity of illness.

*
Calculated using multivariate logistic regression analysis, adjusting for age, gender, race, APRDRG-SOI expected readmission rate, and marital
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status as in Table 2.

TCalculated using the least squared means method for the multivariate regression.
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