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OBJECTIVE: To determine whether a multidisciplinary
mobility promotion quality-improvement (QI) project would
increase patient mobility and reduce hospital length of stay
(LOS).

PATIENTS AND METHODS: Implemented using a struc-
tured QI model, the project took place between March 1,
2013 and March 1, 2014 on 2 general medicine units in a
large academic medical center. There were 3352 patients
admitted during the QI project period. The Johns Hopkins
Highest Level of Mobility (JH-HLM) scale, an 8-point ordinal
scale ranging from bed rest (score 5 1) to ambulating �250
feet (score 5 8), was used to quantify mobility. Changes in
JH-HLM scores were compared for the first 4 months of the
project (ramp-up phase) versus 4 months after project com-
pletion (post-QI phase) using generalized estimating equa-
tions. We compared the relative change in median LOS for
the project months versus 12 months prior among the QI
units, using multivariable linear regression analysis adjust-
ing for 7 demographic and clinically relevant variables.

RESULTS: Comparing the ramp-up versus post-QI phases,
patients reaching JH-HLM’s ambulation status increased

from 43% to 70% (P < 0.001), and patients with improved

JH-HLM mobility scores between admission and discharge
increased from 32% to 45% (P < 0.001). For all patients,

the QI project was associated with an adjusted median LOS

reduction of 0.40 (95% confidence interval [CI]: 20.57 to
20.21, P<0.001) days compared to 12 months prior. A

subgroup of patients expected to have a longer LOS

(expected LOS >7 days), were associated with a signifi-
cantly greater adjusted median reduction in LOS of 1.11

(95% CI: 21.53 to 20.65, P < 0.001) days. Increased mobil-

ity was not associated with an increase in injurious falls

compared to 12 months prior on the QI units (P 5 0.73).

CONCLUSIONS AND RELEVANCE: Active prevention of a
decline in physical function that commonly occurs during

hospitalization may be achieved with a structured QI

approach. In an adult medicine population, our QI project
was associated with improved mobility, and this may have

contributed to a reduction in LOS, particularly for more

complex patients with longer expected hospital stay. Jour-
nal of Hospital Medicine 2016;11:341–347. VC 2016 Society

of Hospital Medicine

Annually, more than 35 million patients are hospital-
ized in the United States, with many experiencing
hospital-acquired impairments in physical functioning
during their in-patient stay.1–4 Such impairments
include difficulties performing basic activities of daily
living, such as rising from a chair, toileting, or ambu-
lating. This functional decline may result in increased
length of stay (LOS), nursing home placement, and
decreased mobility and participation in community
activities even years after hospitalization.1–3,5–7 Ameli-
orating this hospital-acquired functional impairment is
important to improving patient outcomes and reduc-
ing healthcare utilization. Even the sickest hospitalized

patients (eg, those in the intensive care unit [ICU]),
can safely and feasibly benefit from early mobiliza-
tion.6,8–11 In the non-ICU setting there is also evidence
that patient mobilization reduces LOS and hospital
costs, while improving patient satisfaction and physi-
cal and psychological outcomes.12–16 These studies
are, however, difficult to replicate as part of routine
clinical care, because they often do not present the
details of how early mobility was incorporated into
daily practice, require additional hospital resources
(eg, specially trained providers or additional staff), or
are focused only on a select patient population.

The Johns Hopkins medical ICU started early reha-

bilitation quality-improvement (QI) work in 2007,

which has demonstrated ongoing reductions in LOS

and been transformative in terms of helping to foster

a “culture of mobility” at our institution. Previous

research suggests that ICU-based rehabilitation inter-

ventions are often not carried over to the ward set-

ting, even in post-ICU patients.17 Moreover, trends

for sicker patients being admitted in our general medi-

cine units,18 growing reports of patients spending
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most of their time in bed,2,19,20 and healthcare poli-
cies emphasizing the importance of improving inpa-
tient outcomes motivated the need for QI to improve
patient mobility in this setting. Experience from the
medical ICU-based early rehabilitation program
helped drive multidisciplinary collaboration of stake-
holders to develop this nurse-driven, mobility promo-
tion QI project on 2 general medicine hospital units.
The main goals of the project were to see whether a
QI framework can be used in a general medicine set-
ting to increase patient mobility and reduce LOS.21,22

METHODS
Overview of Project

Mobility, for this project, was defined as a patient get-
ting out of bed (eg, sitting out of bed, toileting at bed-
side commode or bathroom, standing, and
ambulating). We aimed to increase patient mobility
using preexisting unit staffing ratios of clinicians and
support staff. This project was reported in accordance
with the SQUIRE (Standards for QUality Improve-
ment Reporting Excellence) guidelines and used a
structured QI model that had been used to success-
fully promote early mobility in the intensive care
unit.21,23–25 The planning phase of the QI project
began in spring 2012, with initiation of the 12-month
project on March 1, 2013. During the 12-month QI
period, prospective collection of mobility status
occurred for all patients, with no exclusions based on
patient characteristics.

Setting

The QI project setting was 2, 24-bed, general medi-
cine units at the Johns Hopkins Hospital, a large aca-
demic medical center located in Baltimore, Maryland.

QI Process

The primary goals of the QI project were to mobilize
patients 3 times daily, quantify and document the
mobility of the patients, set daily goals to increase
mobility (eg, move up 1 step on the scale today), and
standardize the description of patient mobility across
all hospital staff. We used a structured QI model that
that has been used to implement an early mobility
program in a medical ICU at our institution21,22,24

(see Supporting Information, Appendix, in the online
version of this article). At a programmatic level, we
involved key stakeholders (nurses, physicians, rehabili-
tation therapists, administrators) in the QI project
team, we identified local barriers to implementation
through team meetings as well as a survey tool to
identify perceived barriers,26 and we developed a scale
(the Johns Hopkins Highest Level of Mobility
[JH-HLM]) to document mobility. The JH-HLM is an
8-point ordinal scale that captures mobility mile-
stones, where 1 5 only lying, 2 5 bed activities, 3 5

sit at edge of bed, 4 5 transfer to chair/commode,
5 5 standing for �1 minute, 6 5 walking 101 steps,

7 5 walking 251 feet, and 8 5 walking 2501 feet
(see Supporting Information, Appendix and Support-
ing Figure 1, in the online version of this article for
additional information on the JH-HLM scale).

The 12-month QI project was characterized by sev-
eral phases and milestones and involved a number of
intervention components. During the first 4 months
(ramp-up phase), nurses received education in the
form of unit-based presentations, hands-on-training,
and online education modules. On a 5-times weekly
basis, nurses met with rehabilitation therapists for
unit-based huddles to discuss baseline patient mobil-
ity, current patient mobility levels, barriers to mobiliz-
ing patients, and daily goals to progress mobility.
Mobility levels were included on daily nursing report
sheets to facilitate communication with subsequent
shifts. Discussion of JH-HLM scores also occurred
during daily unit-based care-coordination meetings of
the nurses, physicians, and social-workers to address
barriers to mobilizing patients, such as optimizing
pain control, facilitating discharge location planning,
and expediting physician consultation with physical
and occupational therapy for appropriate patients.
Audit and feedback from huddles and care-
coordination rounds resulted in improved nurse
attendance and engagement during these meetings.
Nurses were expected to document patient mobility
scores using the JH-HLM 3 times daily in the patient
medical record. On the fourth month, reports on JH-
HLM scores and documentation compliance were
available to nurse managers, champions, and unit
staff. Via twice-monthly meetings with the units and
quarterly meetings with hospital leadership and
administration, problems arising during the QI inter-
vention were evaluated and resolved on a timely basis.
Seven months after project execution started, educa-
tional sessions were repeated to all staff, and feedback
was provided based on the data collected, such as
documentation compliance rates and patient mobility
levels, and nurse champions presented the project dur-
ing an American Nurses Credentialing Center magnet
recognition program visit. Lastly, mobility scores and
documentation compliance were continually assessed
for 4 months after the project completion to deter-
mine sustainability of the intervention. Additional
details of the QI project implementation are provided
in the Supporting Information, Appendix, in the
online version of this article.

Data Sources and Covariates for Project Evaluation

The Sunrise Clinical Manager system (Allscripts
Healthcare Solutions Inc., Chicago, IL) was used to
document and extract nursing-documented JH-HLM
scores. The Johns Hopkins Hospital Datamart finan-
cial database, used for mandatory reporting to the
State of Maryland, provided data on LOS, age, sex,
race (white, black, other), payer (Medicare, Medicaid,
other), primary admission diagnosis, and comorbidity

Hoyer et al | Promoting Mobility and Reducing LOS

342 An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine Vol 11 | No 5 | May 2016



index using Agency for Healthcare Research and
Quality (AHRQ) methodology.27 Expected LOS was
calculated using the risk adjustment method developed
by the University Health System Consortium
(UHC).28 This calculation uses a combination of the
Diagnostic-Related Group grouper and the Sachs
Complication Profiler29 in conjunction with data on
specific patient characteristics (age, sex, urgency of
admission, payer category) to construct risk-
adjustment regression models that assign expected val-
ues for LOS, and is not based on actual LOS.28 The
databases were linked at the patient level using the
patient’s medical record and unique admission record
number.

Outcome Measures

Two functional outcome measures were based on
daily JH-HLM scores, which frequently occurred sev-
eral times on each patient-day: (1) the maximum daily
JH-HLM scores for each patient-day during hospitali-
zation, and (2) the intrapatient change in JH-HLM
scores between the maximum JH-HLM score within
24 hours of hospital admission and 24 hours before
discharge for all patients who were on the unit >48
hours. We also compared the mean LOS during the
12-month QI project versus the 12-months prior so
we could more accurately address seasonal differen-
ces.30–35 Lastly, because the perception of increased
falls was an important barrier to address in the QI
process, we compared the rate of injurious falls
between the QI period and 12-months prior.

Statistical Analysis

To evaluate changes in the percent of ambulatory
patients (JH-HLM �6), we compared the initial 4
months of the QI project (ramp-up phase) with the
same 4-month period occurring immediately after pro-
ject completion (post-QI phase) using generalized esti-
mating equations to account for clustering at the
patient-level. This test was also used to evaluate
changes in documentation compliance rates between
the 2 phases, with compliance defined as at least 1
instance of JH-HLM documentation per day, exclud-
ing the day of admission and discharge. To evaluate if
improved JH-HLM results were driven by improved
documentation compliance rates over time, we per-
formed a sensitivity analysis by imputing a JH-HLM
score of 6 (ambulate 101 steps) for any missing daily
maximum JH-HLM scores.

To assess unadjusted changes in LOS during the 12-
month QI project versus the same period 1 year ear-
lier, we compared mean and median LOS using a t
test and Wilcoxon rank sum test, respectively. We
used a multivariable linear regression model to esti-
mate the change (expressed in days) in adjusted
median LOS comparing the project months (March
2013–March 2014) with 12 months prior (March
2012–March 2013). The model adjusted for age, gen-
der, race, payer, admission diagnostic category, UHC
expected LOS, and AHRQ comorbidity index. We
confirmed a lack of multicollinearity in the multivari-
able regression model using variance inflation factors.
We evaluated residual versus predicted value plots
and residual versus fitted value plots with a locally
weighted scatterplot smoothing line to confirm model
fit. P values are reported from the test of the null
hypothesis that the change in adjusted median LOS is
the same comparing the QI project months versus 12
months prior. Separate models estimated and tested
the change in adjusted median LOS by tertiles of
expected LOS (<4, 4–7, and >7 days). Lastly, we
compared the rate of injurious falls (the number of
injurious falls by total patient-days) between the QI
period and 12 months prior using an exact Poisson
method.36 Statistical significance was defined as a
2-sided P < 0.05. Statistical analyses were conducted
using R (version 3.1.0; The R Foundation for Statisti-
cal Computing, Vienna, Austria; http://www.r-project.
org). This study was approved, with waiver of con-
sent, by the Johns Hopkins Institutional Review Board
as a research project.

RESULTS
During the QI project period, 3352 patients were
admitted to the 2 general medicine units. Twelve
(0.4%) patients expired on the units, but their data
were retained in the analysis. Mean (standard devia-
tion [SD]) age of the patients was 54.4 (18.3) years,
with 47% male, and 54% African American. A total
of 1896 of 6654 (28%) patients on the QI units were

TABLE 1. Patient Characteristics on the QI Units*

Characteristics

Comparison Period,

March 2012–March 2013,

N 5 3,302

QI Period, March

2013–March 2014,

N 5 3,352

Age, y 53.3 (17.8) 54.4 (18.3)
Male 1467 (44%) 1569 (47%)
Race

African American 1883 (57%) 1809 (54%)
Caucasian 1269 (38%) 1348 (40%)
Other 150 (5%) 195 (6%)

Payer
Medicare 1310 (40%) 1470 (44%)
Medicaid 1015 (31%) 925 (28%)
Other 977 (30%) 957 (29%)

Admission diagnostic category
Infectious disease 579 (18%) 629 (19%)
Pulmonary 519 (16%) 559 (17%)
Gastrointestinal 535 (16%) 494 (15%)
Cardiovascular 410 (12%) 405 (12%)
Hematologic 199 (6%) 195 (6%)
Renal 220 (7%) 205 (6%)
Other 840 (25%) 865 (26%)

UHC expected length of stay, d 5.5 (3.3) 5.3 (3.2)
AHRQ comorbidity index 3.3 (1.7) 3.5 (1.8)

NOTE: Abbreviations: AHRQ, Agency for Healthcare Research and Quality; QI, quality improvement; UHC,
University Health Consortium. *Continuous variables are presented as mean (standard deviation), and
dichotomous variables are presented as n (%)
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�65 years old. Patient characteristics were similar
during the QI period versus 12 months prior
(Table 1).

During the 12-month QI project, there were a total
of 13,815 patient-days of documented mobility data
and the median (interquartile range [IQR]) number of
days of documentation for each hospital admission
was 3 (2–5) days. Compliance with daily documenta-
tion of JH-HLM was 85.0% over the entire 12-month
QI project. Documentation compliance started at
83% during the ramp-up phase and increased to 89%
during the last 4 months of the project (late-QI phase,
P < 0.001).

Comparing the ramp-up phase versus post-QI
phase, the percentage of patient-days in which
patients ambulated (JH-HLM �6) increased from
43% to 70% (P < 0.001), and the percentage of
patients who experienced an improvement in their
mobility scores between admission and discharge
increased from 32% to 45% (P < 0.001), as shown in
Table 2. In the sensitivity analysis imputing missing
daily JH-HLM scores and comparing the ramp-up ver-
sus post-QI phases, the results were similar to the pri-
mary analysis; the percent of patient-days where

patients ambulated increased from 60% to 78% (P <
0.001), and the percent of patients who experienced
an improvement in their mobility scores increased
from 26% to 48% (P < 0.001).

LOS during the 12-month QI project versus the
12-months immediately prior was shorter (Table 3),
with an unadjusted median (IQR) LOS of 3 (2–6) ver-
sus 4 (2–7) days (P < 0.001) and an unadjusted mean
(SD) LOS of 5.1 (5.6) versus 6.0 (7.6) (P < 0.001).

Table 3 displays the change in adjusted median
LOS for the project months versus the 12 months
prior among the QI units. We found that for all
patients, there was an overall reduction in adjusted
median LOS of 0.40 (95% confidence interval [CI]:
20.57 to 20.21, P<0.001) days. When we divided
patients into tertiles based on their UHC expected
LOS (ELOS), we observed that patients with longer
ELOS had greater reductions in adjusted median LOS.
Patients on the QI units with ELOS <4 days (lowest
tertile) did not show a significant reduction in
adjusted median LOS (0.09 days, 95% CI: 20.13 to
0.32, P 5 0.42); however, patients with UHC ELOS 4
to 7 days (middle tertile) and ELOS >7 days (highest
tertile) had a significant reduction in adjusted median

TABLE 2. Change in Mobility Scores During the 12-Month QI Project and the First 4 Months Thereafter

JH-HLM Category

Ramp-up Phase, March 1, 2013 – June 30,

2013, n 5 4,649

Late-QI Phase, November 1, 2013–February

28, 2013, n 5 4,515

Post-QI Phase, March 1, 2014– June 30,

2014, n 5 4,298

Walk (JH-HLM 5 6, 7, or 8) 1,994 (43) 3,430 (76) 2,986 (70)
Stand/chair (JH-HLM 5 4 or 5) 1,772 (38) 488 (10) 511 (12)
Bed (JH-HLM 5 1, 2, or 3) 883 (19) 597 (13) 801 (19)

Change in Mobility (Admission

Versus Discharge)

Ramp-up Phase, March 1,

2013–June 30, 2013, n 5 968

Late-QI Phase, November 1,

2013–February 28, 2013, n 5 893

Post-QI Phase, March 1,

2014– June 30, 2014, n 5 834

Improved 305 (32) 392 (44) 379 (45)
No change 512 (53) 428 (48) 386 (46)
Declined 151 (16) 73 (8) 69 (8)

NOTE: Change in patient mobility during the 12-month QI project and the 4 months after completion of the project, using the Johns Hopkins Highest Level of Mobility (JH-HLM) scale. Values are presented as n (%). For all analy-
ses, the maximum daily JH-HLM score was used for each patient-day of data. The top section refers to the percentage of patient-days with mobility scores in each of the JH-HLM categories (walk, stand/chair, bed). The bottom
section refers to the percentage of patients in each category (improved, no change, declined) based on the difference in their discharge JH-HLM scores compared to their admission scores for patients who were on the unit >48
hours. Abbreviations: QI, quality improvement.

TABLE 3. Comparison of the Absolute Change in Adjusted Median LOS for the Project Months Versus 12-Months
Prior*

Adjusted Median LOS, d

Absolute Change in Adjusted Median LOS (95% CI), d P Value†12 Months Prior QI Project Months

All patients 6.01 5.61 20.40 (20.57 to 20.21), N 5 4,411 <0.001
Subgroups by ELOS‡

ELOS <4 days 4.68 4.77 0.09 (20.13 to 0.32), N 5 1,357 0.42
ELOS 4–7 days 5.68 5.38 20.30 (20.57 to 20.01), N 5 1,509 0.04
ELOS >7 days 8.07 6.96 21.11 (21.53 to 20.65), N 5 1,545 <0.001

NOTE: Abbreviations: AHRQ, Agency for Healthcare Research and Quality; CI, confidence interval; ELOS, expected length of stay; LOS, length of stay, QI, quality improvement; UHC, University Health Consortium. *Absolute
change (expressed in days) in adjusted median LOS compared project months (March 2013–March 2014) with 12 months prior (March 2012–March 2013) and were calculated using a linear regression analysis for the logarithm of
LOS. Patients with an LOS >48 hours were included in the analyses. Analyses were adjusted for age, sex, race, payer, admission diagnostic category, UHC expected LOS, and AHRQ comorbidity index. †P values are reported
from the test of the null hypothesis that the change in adjusted median LOS is the same comparing the QI project months versus 12 months prior. ‡Separate models estimated and tested the change in adjusted median LOS by
tertiles of UHC expected LOS (<4, 4–7, and >7 days).
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LOS by 0.30 (95% CI: 20.57 to 20.01, P 5 0.04)
and 1.11 (95% CI: 21.53 to 20.65, P < 0.001) days
during the QI project versus 12 months prior,
respectively.

Lastly, we found that there was no difference in the
rate of injurious falls on the QI units during QI period
compared to 12 months prior (QI: 0.34 per 1000
patient-days versus 12 months prior: 0.48 per 1000
patient-days, P 5 0.73).

DISCUSSION
We conducted a nurse-driven, multidisciplinary mobil-
ity promotion QI project on 2 general medicine units
at a large teaching hospital. The 12-month QI project,
conducted between March 1, 2013 and February 28,
2014, was associated with patients ambulating more
frequently, with improved mobility status between
hospital admission and discharge. These improve-
ments in mobility were not associated with increased
rates of injurious falls, and were sustained for at least
4 months after project completion. The QI project
was associated with overall significant reduction in
LOS for more complex patients with longer expected
LOS (4 days or longer). Hence, such QI efforts may
be important for maintaining or improving patients’
functional status during hospitalization in a safe and
cost-effective manner.

Our findings are consistent with previous studies
showing that mobility promotion in the acute hospital
setting is feasible, can reduce length of stay, and can
be applied to a diverse population including vulnera-
ble medical patients with multiple comorbidities and
the elderly.12,16,37–42 These studies provide valuable
evidence of the benefits of mobility promotion; how-
ever, it is difficult to translate these prior results into
routine clinical practice because they used specially
trained staff to mobilize patients, focused on a select
patient population, or did not specify how the mobil-
ity intervention was delivered within daily clinical
workflows. Research in the medical ICU at our insti-
tution has previously described the use of a structured
QI model to successfully implement an early rehabili-
tation program.22,24 Here, we successfully adapted the
same QI framework to a general medicine setting.
Hence, our study contributes to the literature with
respect to (1) use of a structured QI framework to
develop a successful patient mobility program in a
general medicine patient population, and (2) sharing
best practices from 1 clinical setting, such as the ICU,
as a source of learning and knowledge translation for
other care settings, with the addition of novel tools,
such as the JH-HLM scale.

There may have been several factors that contrib-
uted to shorter stays in the hospital we observed dur-
ing the QI project. First, we increased the number of
ambulatory patient-days, which may have helped pre-
vent physiological complications of bed rest, such as
muscle weakness, atelectasis, insulin resistance, vascu-

lar dysfunction, contractures, and pressure ulcers.43

As such, mobility promotion has been associated with
reduced rates of other hospital-acquired complica-
tions, such as deep venous thrombosis, pneumonia,
and delirium.44–46 In our study, we saw the greatest
LOS reduction in more complex patients who were
expected to spend a longer time in the hospital and
are at greater risk of developing complications from
bed rest. Second, our early mobility project may have
had a direct impact on care-coordination processes as
reported in prior studies.47–49 An important compo-
nent of our intervention was incorporating functional
status into multidisciplinary discussions, either
through nurse-to-therapist huddles or care-
coordination rounds between nurses, therapists, physi-
cians, social workers, and case managers. During
care-coordination rounds, JH-HLM scores were
reported to expedite appropriate physical and occupa-
tional therapy consultations and assist in determining
appropriate discharge location. During the QI project,
we transitioned from a unit-based daily huddle
between nursing and rehabilitation therapists to a sys-
tem where mobility status was discussed primarily
during care coordination rounds 5 times per week.
We saw that mobility scores were maintained after QI
project completion, suggesting that reporting on
patient function in a multidisciplinary setting is a
potentially sustainable mechanism to improve care-
coordination processes that are affected by functional
status.

Our study has several potential limitations. First,
this is a single-site study in 2 general medicine units
of a large academic hospital. Further research is
needed to determine if this structured QI intervention
and its benefits can be generalized to different settings
and different patient populations. Second, because the
documentation was initially an optional element in
the electronic medical record system, we observed
higher rates of missing documentation during the first
4 months of the project versus the comparison period
at 4 months after project completion. However, a sen-
sitivity analysis conducted of these missing data dem-
onstrated similar results to our primary analysis.
Third, our nonrandomized pre-post study design does
not allow us to conclude a direct cause-and-effect
relationship between our intervention and increased
mobility and reduced LOS. Although patient charac-
teristics were similar between the 2 periods and
adjusted for in our multivariable regression analysis,
we cannot rule out the possibility of secular trends in
LOS on the project units and that broader QI efforts
at our institution also contributed to reduction in
LOS. Fourth, we do not have data on 30-day readmis-
sions and discharge location. Future studies should
explore the impact of hospital-based mobility inter-
ventions on these outcomes.50 Fifth, although nurses
consistently documented the highest level of mobility
on a daily basis, these data did not capture other
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potentially important information about patient
mobility such as the daily frequency that patients
were mobilized, the length of time a patient was
engaged in a mobility event (ie, number of hours sit-
ting in a chair), or the mobility that occurred during
physical therapy or occupational therapy sessions.
Hence, although we used JH-HLM as a marker of
improved mobility during our QI project it is likely
that our data cannot fully describe the total mobility
and activity that patients experienced during hospitali-
zation. Lastly, although the front-line staff and QI
team found the JH-HLM scale to be a useful tool to
measure and advance patient mobility, further studies
are needed to evaluate the reliability and validity of
this scale.

CONCLUSION
A structured QI process can improve patient mobility
and may contribute to reduction in LOS, particularly
for more complex patients in this setting. Active pre-
vention of decline in physical function that commonly
occurs during hospitalization may prove valuable for
improving patient outcomes and reducing healthcare
resource utilization.
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