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Abstract

Background Hospitalized older adults spend as much as 95% of their time in bed, which can result in adverse events
and delay recovery while increasing costs. Observational studies have shown that general mobility interventions

(e.g., ambulation) can mitigate adverse events and improve patients' functional status. Mobility technicians (MTs) may
address the need for patients to engage in mobility interventions without overburdening nurses. There is no data,
however, on the effect of MT-assisted ambulation on adverse events or functional status, or on the cost tradeoffs

if a MT were employed. The AMBULATE study aims to determine whether MT-assisted ambulation improves mobility
status and decreases adverse events for older medical inpatients. It will also include analyses to identify the patients
that benefit most from MT-assisted mobility and assess the cost-effectiveness of employing a MT.

Methods The AMBULATE study is a multicenter, single-blind, parallel control design, individual-level randomized trial.
It will include patients admitted to a medical service in five hospitals in two regions of the USA. Patients over age 65
with mild functional deficits will be randomized using a block randomization scheme. Those in the intervention group
will ambulate with the MT up to three times daily, guided by the Johns Hopkins Mobility Goal Calculator. The inter-
vention will conclude at hospital discharge, or after 10 days if the hospitalization is prolonged. The primary outcome

is the Short Physical Performance Battery score at discharge. Secondary outcomes are discharge disposition, length

of stay, hospital-acquired complications (falls, venous thromboembolism, pressure ulcers, and hospital-acquired pneu-
monia), and post-hospital functional status.

Discussion While functional decline in the hospital is multifactorial, ambulation is a modifiable factor for many
patients. The AMBULATE study will be the largest randomized controlled trial to test the clinical effects of dedicating
a single care team member to facilitating mobility for older hospitalized patients. It will also provide a useful estima-
tion of cost implications to help hospital administrators assess the feasibility and utility of employing MTs.
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Introduction

Background and rationale {6a}

Annually, there are approximately 12.8 million adults
over the age of 65 hospitalized in the USA [1]. Hospitali-
zation contributes to functional decline of older patients
[2-6]. Inpatients spend as much as 95% of their time in
bed, [7] and bed rest is associated with increased risk of
complications such as falls, venous thromboembolism,
skin breakdown, and hospital-acquired pneumonia [8, 9].
Such adverse events delay eventual recovery and increase
costs as patients spend time in both acute and post-acute
(e.g., skilled nursing and inpatient rehabilitation facility)
care.

Frequent in-hospital physical therapy may contrib-
ute to improved function and discharge home, [10-12]
but physical therapists primarily treat patients with sig-
nificant functional impairments. They should not be the
first-line clinicians for providing general mobility inter-
ventions (i.e., any activity out of bed, including ambula-
tion) [13, 14]. Evidence is growing that general mobility
interventions can be facilitated by non-therapists and
may mitigate adverse events and improve patients’
functional status [9, 15-26]. The studies for this evi-
dence base, however, are mostly observational and the
effects are mixed. One randomized controlled trial has
shown promise, but the effect on patients’ outcomes was
assessed after hospitalization [27]. In each, interventions
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were facilitated by a bedside nurse or a designated
mobility technician. Nurses, however, have multiple
competing demands that often take precedence, [28] a
problem exacerbated by the COVID-19 pandemic and
resulting nationwide nursing shortage [29-31]. Addi-
tionally, fall prevention strategies—which are a neces-
sary priority for nurses—often limit mobility out of bed
[32]. Primarily for these reasons, ambulation is missed
approximately 75% of the time even when it is ordered
by a physician [7, 33-35].

A mobility technician (MT), a clinical team member
with the sole responsibility of helping patients to regu-
larly complete general mobility interventions, may be a
viable solution to these problems. However, this is not
a typical role in hospitals. A lack of empirical evidence
that a MT can improve outcomes makes it challenging
for hospital administrators to justify the creation of MT
positions since doing so would increase costs for the
hospital. There is a need for non-observational studies
that examine the effect of a MT on both in-hospital and
post-hospital outcomes.

Objectives {7}

AMBULATE has three primary aims: first, to determine
whether an ambulation program delivered by a MT
improves patients’ mobility status at hospital discharge.
As related objectives, we will examine if the intervention
decreases hospital-related complications, including falls,
venous thromboembolism, pressure ulcers, and hospital-
acquired pneumonia; if it impacts discharge disposition
(i.e., home vs. post-acute care facility); and if mobility
improvement is sustained after hospital discharge. Sec-
ond, we will use predictive modeling to identify which
patients are more likely to benefit from this intervention.
Third, we will assess the impact of the intervention on
overall costs associated with the episode of care, includ-
ing inpatient costs and medical costs following discharge.

Trial design {8}

The AMBULATE study is a multicenter, single-blind,
parallel control design, individual-level randomized trial.
It builds from our pilot trials, which demonstrated that
patients with a MT ambulated more than those receiv-
ing usual care, with a small increase in mobility status,
reduction in length of stay, and an increased proportion
discharging home [36, 37].

Methods: participants, interventions,

and outcomes

Study setting {9}

The study will be conducted in five hospitals—four in the
Cleveland Clinic Health System (Northeast Ohio, USA)
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and Baystate Medical Center (Springfield, MA, USA).
Each hospital will employ 2 MTs to ensure that one is
always available to provide the intervention.

Eligibility criteria {10}

Medical (i.e., non-surgical) patients in the first 48 h of
their admission will be identified by the MT, aided by
an automatically generated daily report and collabo-
ration with bedside nurses on the unit. This method
increases the pragmatism of the study. Participants
must meet all of these inclusion criteria upon review of
the medical chart in the electronic health record:

1. >65 years of age.

2. Inpatient admission status to a medical service.

3. Complete history and physical examination on file in
the electronic health record.

4. Moderate activity impairment based upon a raw
score of 16-20 on the Activity Measure for Post-
Acute Care (AM-PAC) 6-Clicks basic mobility short
form. The 6-Clicks tool is a valid and reliable meas-
ure of function for patients in the acute hospital
[38, 39]. Scores in this range are consistent with a
patient who requires only a little physical assistance
to complete basic mobility tasks like getting out of
bed and walking, suggesting they are safe to get out
of bed with a MT, but at risk of functional decline
without assisted ambulation.

5. Insurance with traditional Medicare or Medicare
Advantage. This will be required to determine post-
hospitalization costs.

Exclusion criteria include:

1. Significant language barrier that requires a transla-
tor, except at Baystate where Spanish speakers may
enroll since Spanish language translators are readily
available.

2. Discharge planned within 24 h of screening.

Surgical procedure planned.

4. Diagnosed with unstable angina or other medi-
cal conditions precluding participation in exercise/
ambulation.

5. Permanent residence in a skilled nursing facility.

6. Comfort care measures only.

7. Active infection with SARS-CoV-2 or other pathogen
requiring contact or droplet precautions.

8. An order for bed rest that is clinically warranted due
to safety concerns identified by a treating physician.
Whether a bed rest order meets this criterion will be
clarified by the MT with the nurse.

9. Not previously enrolled in the study.

w



Johnson et al. Trials (2023) 24:471

Who will take informed consent? {26a}

The MT will complete the informed consent process
with any patient meeting inclusion/exclusion crite-
ria. A patient who is unable to give consent can still be
included if he or she otherwise meets inclusion/exclu-
sion criteria, and a legally authorized representative
gives consent. Our study has no inclusion or exclusion
criteria related to race, ethnicity, sex, or gender.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

N/A. We will not collect biological specimens in this
study. The potential for secondary use of data collected in
this study is explained in the initial consent.

Interventions

Explanation for the choice of comparators {6b}

Nurses are generally expected to perform a daily assess-
ment of functional mobility and engage in goal set-
ting and safe mobilization using appropriate resources,
including nurse or family resources. In reality, practices
vary substantially across and within nursing units on
any given day due to competing needs. The randomized
controlled trial design should make it more likely that
intervention and control patients participate similarly in
standard-of-care mobility with nurses, therapists, or fam-
ily. In addition, we anticipate that on any given hospital
unit there will likely be only 1 or 2 intervention patients
at a time, thus decreasing the likelihood that nursing
resources would be increased to assist control patients
with ambulation as an unintended consequence of our
study.

Intervention description {11a}
Patients randomized to the intervention group will
have up to 4 visits daily from the dedicated MT to
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ambulate according to a standardized mobility pro-
tocol with a goal of 3 walks per day. The protocol will
be initiated within 24 h of the baseline assessment. It
will employ the Johns Hopkins Mobility Goal Calcula-
tor (JH-MGC, Fig. 1), [21] which prescribes a mobil-
ity goal based on the Johns Hopkins Highest Level of
Mobility (JH-HLM) scale considering the most recent
6-Clicks score. The MT will complete the 6-Clicks
assessment within each completed visit (i.e., one in
which the patient gets out of bed). Nurses have dem-
onstrated successful use of the JH-HLM and JH-MGC
as guides for goal-setting and mobility achievement
in this population [21, 26]. Per the protocol, patients
with a 6-Clicks score of 16—17 will aim to achieve at
least standing near the edge of the bed for >1 min with
assistance from the MT. Patients with a score of 18-20
will have a goal of walking >10 steps with the MT. The
MT will adjust each session’s goal consistent with the
JH-MGC, accounting for the most recently recorded
6-Clicks score from the MT. The goals represent mini-
mum targets—many patients will accomplish more. If a
patient demonstrates appropriate tolerance and safety,
MTs will encourage walking greater distances.

MTs will continue to visit patients even if their
6-Clicks score increases to >20. However, the inter-
vention will be paused if the patient scores <16, since
these patients will require more skilled care than
could be safely provided by the MT. In this case, MTs
will continue to visit the patient daily and resume the
intervention when the 6-Clicks score (recorded by
a nurse or physical therapist) is >16. The interven-
tion will terminate after the completion of the 10th
day from the baseline assessment or the day of hospi-
tal discharge, whichever comes first and regardless of
how many days the patient received the intervention.
Prior to discharge, the MT will provide those in the

AM-PAC 6-Clicks Johns Hopkins Highest JH-HLM goal for
Mobility Score e L]l current MT session
(JH-HLM) score

24 8 Walk 250 feet or more

22-23 7 Walk 25 feet or more
18-21 6 Walk 10 steps or more

16-17 5 Static stan_dlng
(1 or more minutes)

Fig. 1 The Johns Hopkins Mobility Goal Calculator to guide the standardized MT protocol (figure adapted from Klein et al. [21], with permission)
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intervention group with a standardized written guide
for continuing to walk at home.

Compliance with the intervention will be assessed
immediately following each patient encounter by record-
ing the following: (1) service time and duration (minutes);
(2) 6-Clicks score; (3) target level of activity from the JH-
HLM; (4) activity level achieved from the JH-HLM; (5)
physical assistance provided for ambulation (Yes/No); (6)
assistive device used for ambulation (none, walker, cane,
IV pole, supplemental oxygen, other); (7) if service failed,
reason why (patient unavailable, patient refused, MT
ran out of time, other); and (8) any falls and whether an
injury occurred.

Criteria for discontinuing or modifying allocated
interventions {11b}
We will temporarily discontinue the intervention if a patient
has a clinical deterioration of 6-Clicks score below 16, and
resume it once they return to 16 or higher. Similarly, if a
patient has an order for bed rest, we will temporarily discon-
tinue the intervention until the bed rest order is removed.
Subjects may withdraw voluntarily from participation in
the study at any time and for any reason. Participants will
continue to be followed, with their permission, even if the
study intervention is discontinued. In that case, all follow-
up evaluations will take place on the normal schedule.

Strategies to improve adherence to interventions {11c}

To complete up to three walks daily, the MT will check
with each patient up to four times each day. In addition,
each MT will complete training in motivational inter-
viewing, [40] a skill that will be used to encourage ambu-
lation when patients may be resistant.

To ensure fidelity across sites, we will follow best
practices as recommended by the NIH Behavior
Change Consortium [41]. We will ensure that the treat-
ment “dose” is consistent by standardizing the number
of attempts and using the JHH-MGC tool to set tar-
get distances via the written protocol. MTs will record
each contact and its outcome as described above, as
well as any protocol deviations. To minimize “drift” in
MT skills, Dr. Johnson at CC and Dr. Pack at Baystate
will conduct periodic observation. We will also arrange
quarterly conference calls to share best practices, prob-
lem solve, and reinforce skills.

Relevant concomitant care permitted or prohibited

during the trial {11d}

No concomitant care will be prohibited during the trial.
Patients may complete mobility activities with a nurse,
family member, or, if consulted, an occupational or physi-
cal therapist.,
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Provisions for post-trial care {30}

There are no provisions for post-trial or ancillary care.
There will not be any compensation for patients who may
be injured during the trial.

Outcomes {12}

The primary outcome will be change in mobility sta-
tus at the conclusion of the intervention (hospital dis-
charge or the 10th day of the intervention, whichever
comes first) compared to the baseline assessment.
Mobility status will be assessed at both time points
using the Short Physical Performance Battery (SPPB),
[42-44] a mobility performance assessment that can be
administered in <10 min. It tests gait speed, repeated
chair stands, and tandem balance, providing a gross
assessment of functional balance, speed, and lower
extremity power. It is safe and reliable for use with hos-
pitalized older adults [45] and appropriately sensitive
to mobility differences in that population [45, 46]. Fur-
ther, the SPPB has demonstrated the ability to predict
adverse health outcomes including in-hospital falls,
[47] post-acute facility placement, [42] subsequent dis-
ability, [48] multi-morbidity, [42, 43, 49] and all-cause
mortality [42, 50].

We will collect secondary outcomes at the time of hos-
pital discharge including discharge disposition, length
of stay, and the presence of hospital-acquired complica-
tions (falls, venous thromboembolism, pressure ulcers,
and hospital-acquired pneumonia). Additional second-
ary outcomes will be assessed after hospital discharge
and compared to baseline measurement of the same
assessments: FRAIL scale score, [51, 52] the patient’s
self-rated mobility status according to the AM-PAC
mobility outpatient short form (compared to baseline
AM-PAC 6-Clicks mobility scores using the AM-PAC
T-scale), [53, 54] and the patient’s self-rated participa-
tion in activities of daily living using both the Index in
Activities of Daily Living (Katz ADL) [55] and the Law-
ton Instrumental Activities of Daily Living Scale [56]. At
this post-hospital time point, we will also assess 30-day
hospital readmission and scores on the Patient Reported
Outcomes Measurement Information System (PROMIS)
physical function subscale [57, 58].

As both a secondary outcome and a method for
characterizing the in-hospital mobility of both groups,
we will use a medical grade accelerometer to measure
steps taken, energy expenditure, activity bouts, sed-
entary bouts, body position, sleep latency, total sleep
time, wake after sleep onset, and sleep efficiency. A
random subset of 10-20% of patients discharged to
home will continue to wear the device for an addi-
tional 10 days so that we can assess changes in activity
immediately after discharge.
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Participant timeline {13}

The baseline assessment and randomization (T0) will
occur for each patient within 48 h of hospital admission.
They will be enrolled in the study until hospital discharge
or after 10 days (T1), whichever occurs first. A post-dis-
charge follow-up call from a study coordinator will be
completed 30 days after enrollment (T2). This ensures
that the time between T0 and T2 will be 30 days for every
patient. The participant timeline, including assessments,
is shown in Fig. 2.

Sample size {14}

A sample size of 3000 has >99% power to detect a dif-
ference in SPPB change as small as 0.54 points (the
MCID) between the two groups at a two-sided alpha
of 0.05, assuming a common SD of 2.7 for the SPPB
change, 20% non-compliance, 10% dropouts, and
an interim analysis. The estimates for MCID and SD
are based on observation of older acute care medical
patients [43, 44]. Using these same assumptions, the
power is still 92% for detecting a smaller difference of
0.35. Therefore, we expect ample statistical power for
analyzing the primary outcome. The main reason for
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selecting this sample size is to ensure that the analyses
of important secondary outcomes are not underpow-
ered. The most important of these is discharge dispo-
sition, because even a small absolute difference in the
number of patients discharged to home, as opposed
to a skilled nursing facility, is clinically important. We
will be able to detect a 7% difference in discharge to
home vs. SNF with 98% power.

For other binary secondary outcomes (a combination
of venous thromboembolism, pneumonia and falls,
30-day mortality, or 30-day readmission), the study
will have 85% power to detect a 33% reduction assum-
ing an 8% rate in the control group. Because these
outcomes are not contingent on patient cooperation,
we anticipate no dropouts. For secondary continuous
outcomes such as length of stay, assuming 20% non-
compliance rate, the power to detect a 4-h difference
(0.167 days) is 95%.

Regarding the cost analysis, there is no accepted way
of doing a power calculation. However, we tried adding
$300 (an approximation of the cost of the intervention) to
the costs of each of 1500 patients drawn randomly from a
sample of 3000 Cleveland Clinic medical inpatients over

Study Timepoint

Pre-Enrollment

Study Activity Screening to

Baseline

Intervention Discharge or Day 10
Period t

30-Day Post-
Enrollment
t

Enroliment

Eligibility screen X

Informed consent X
Enroliment/ Randomization X
Intervention Arm

MT-assisted ambulation (3x/day)
Education for at-home walking program
ActiGraph wear/check

Control Arm

ActiGraph wear/check

Outcome Assessment
AM-PAC mobility

JH-HLM

SPPB

FRAIL scale

Discharge disposition and LOS
Katz ADL scale

LAWTON IADL scale

Adverse Events

Episode of care costs
Hospital-acquired complications
HOSPITAL score

PROMIS physical function
30-day readmission

X X

XX X XXX

X*

X*

XX X X X
X XXX

XX XX X

X X X X

X
X

Outcome Measurement Information System

Abbreviations: MT, mobility tech; AM-PAC, Activity Measure for Post-Acute Care; JH-HLM, Johns Hopkins Highest Level of Mobility; SPPB,
Short Physical Performance Batter; ADL, activities of daily living; IADL, instrumental activities of daily living; PROMIS, Patient-Reported

* A subsample of patients in each arm will continue to wear the ActiGraph for 30 days after discharging from the hospital to home

Fig. 2 Participant timeline
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the age of 65 with an AM-PAC 6-Clicks score between
16 and 20. We then performed a ¢-test on the log-trans-
formed costs, as described in the economic analysis
section, and we were able to detect the increase with a
p-value of 0.03, indicating that should the interven-
tion increase costs by an amount equal to the cost of the
intervention, we should be able to identify it. Similarly,
if the intervention decreases total costs by $300 or more
(not including the costs of the intervention), we should
have sufficient power to detect it.

Recruitment {15}

Recruitment will be conducted by the MTs at the various
study sites. At 7 am each morning, we will provide the
MTs with a list of potentially eligible patients based on
a computer query of current patients. The MTs will then
review the EHR for additional eligibility criteria. Based
on our pilot, approximately 1 in 6 patients will qualify for
the study and most can be excluded through chart review.
MTs will then approach potentially eligible patients to
ask if they might be interested in participating in the
study. Interested patients will be screened for eligibility
and, if they meet criteria and consent, will be enrolled
into the study. Based on both the Cleveland Clinic and
Baystate pilots, we expect that at least 50% of the eligi-
ble patients approached will consent to participate. This
rate does not reflect the acceptability of the intervention,
which has been almost universal in our non-randomized
pilots. Rather, it reveals patients’ hesitance to participate
in clinical trials in general, including having to wear the
accelerometer, share medical data with the study team,
complete physical testing at baseline and at discharge,
and report on mobility, frailty, and ADLs at 30 days, with
only a 50% chance of receiving the active intervention.
Our goal is to recruit 200 patients per year at each hos-
pital. This represents approximately 1-2% of all medical
admissions (depending on the hospital size). As a result,
we anticipate there will be plenty of patients available
for recruitment on any given day. MTs will be expected
to recruit 4 patients per week or approximately 1 patient
every other day. They should have sufficient time to pro-
vide ambulation assistance for 4 patients daily, but will
generally have 2 or 3 patients to assist.

Assignment of interventions: allocation

Sequence generation {16a}

Randomization will be done using a computerized sys-
tem. A block randomization scheme with a size of 4
will be used to ensure approximately equal numbers of
patients per group. Allocation will be stratified within
units within hospitals.
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Concealment mechanism {16b}
The block size will not be disclosed to study staff who are
enrolling patients.

Implementation {16c¢}

The allocation sequence is determined a priori by a bio-
statistician. The MT will be responsible for the rand-
omization process and patient allocation.

Assignment of interventions: blinding

Who will be blinded {17a}

Blinding of patients and MTs to the intervention is not
possible. However, outcomes at hospital discharge and
after discharge will be collected by assessors blinded to
allocation.

Procedure for unblinding if needed {17b}
N/A. There is no indication of unblinding the blinded
assessors.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Primary outcome: Short Physical Performance Battery

The initial SPPB will be administered by the MT enroll-
ing the patient as part of the baseline assessment. The
final SPPB will be administered by a physical therapist
or exercise physiologist blinded to the patient’s treat-
ment group allocation. All assessors will be trained by
the primary study physical therapist (J.K.J.). Acceptable
inter-rater reliability of the SPPB has been shown in
prior studies, [59, 60] but we will assess inter-rater reli-
ability for the first 10 patients enrolled with each mobil-
ity tech as a quality check; the primary study physical
therapist (J.K.J.) will be the second assessor.

Secondary hospital clinical outcomes

Patients’ hospital discharge disposition, length of stay,
and the presence of hospital-acquired complications
(falls, venous thromboembolism, pressure ulcers, and
hospital-acquired pneumonia) will be assessed retro-
spectively using medical record data, using a unique
encounter number to identify study episodes. This
number will also be matched to episode-level billing
data to identify the cost of the hospital stay.

To characterize the mobility of both randomized
groups, each patient will wear a medical grade accel-
erometer to directly record all movement throughout
their hospital stay. The MT will place the accelerom-
eter on the patient’s wrist like a watch (for better com-
pliance and more accurate sleep measurement) with
a sampling frequency of 90 Hz and an LFE filter. The
device is highly water resistant and does not need to be



Johnson et al. Trials (2023) 24:471

removed for bathing. It will not display any information
to the patient and the patient need not take any action.
Raw acceleration data will be translated via algorithms
into meaningful activities, including steps taken, energy
expenditure, activity bouts, sedentary bouts, body posi-
tion, sleep latency, total sleep time, wake after sleep
onset, and sleep efficiency. Data will be downloaded
from each device by the MT at least weekly and at dis-
charge. Except for the random subset of 10-20% of
patients who will continue to wear the device at home
for an additional 10 days after discharging home,
devices will be collected at discharge.

Secondary post-hospital outcomes

At 30 days post-discharge, a research assistant will con-
tact participants to collect the additional secondary
outcomes (FRAIL, Katz ADL, Lawton IADL, AM-PAC
mobility, PROMIS physical function, and 30-day read-
mission). Contact will be initiated by subjects’ preferred
means of communication, including telephone, email,
patient portal, or text. Participants will be compensated
for their time to respond. Based on preliminary efforts,
we anticipate being able to contact 90% of the patients in
30 days. If we are unable to contact the patient, we will
mail them the survey to complete on paper and return to
our study team.

Plans to promote participant retention and complete
follow-up {18b}

Retention in the hospital

Each day, MTs will visit patients in the intervention arm
until they have ambulated 3 times or the MT has made
4 attempts. They will consult with daily schedules to
avoid visiting while patients are sleeping, eating, or hav-
ing procedures. Daily step counts and other activities will
be collected automatically from the accelerometer worn
by the patient on the wrist. It is waterproof and can be
worn continuously, so patients are not required to take
any action to participate. In our pilot, we had very few
patients withdraw during hospitalization. We do not
anticipate this will be a problem. If it is, we will assess
patient reasons for discontinuing and craft strategies to
address those issues.

Retention after discharge

Participation in the trial includes consenting to being
contacted at 30 days in order to complete surveys regard-
ing mobility, ADLs, and frailty. Subjects will be asked at
enrollment for their preferred means of contact, includ-
ing telephone, email, patient portal, or text message.
Patients who are discharged alive will be reminded at
discharge that they will be contacted at 30 days and that
they will be compensated $20 for their time. Members
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of the study team will make 3 attempts to contact each
patient using all methods that the patient has supplied.
In preparation for this study, we attempted to contact
20 patients who met our proposed inclusion criteria
and were able to successfully engage 18/20 patients at
30 days. If we are not able to reach a patient by these
means, we will examine the EHR and “Care Everywhere,
which includes records for all hospitals using EPIC, to
see whether the patient is currently hospitalized. If all
of these methods fail, we will send a registered letter.
Once contact is made, the team member will remind the
patient of the commitment that they made at enrollment
to provide these data and of the importance of their data
to the success of the study. They will thank them for their
time and their contribution to the scientific endeavor. If a
relative indicates that the patient is deceased or has been
transferred to long-term care, we will note that. If pos-
sible, we will contact them in the long-term care facility.
Patients who cannot be reached by any means or refuse
to provide their data will be considered lost to follow-up.
For patients who cannot be reached, we will attempt to
identify their vital status and whether they are in a long-
term care facility based on their Medicare claims data or
the EHR.

Data management {19}

Study data at all sites will be collected and managed
using REDCap electronic data capture tools hosted at
Cleveland Clinic [61, 62]. REDCap (Research Electronic
Data Capture) is a secure, web-based software platform
designed to support data capture for research studies,
providing (1) an intuitive interface for validated data cap-
ture, (2) audit trails for tracking data manipulation and
export procedures, (3) automated export procedures for
seamless data downloads to common statistical packages,
and (4) procedures for data integration and interoperabil-
ity with external sources.

Confidentiality {27}

Patient confidentiality will be maintained throughout
the clinical study in a way that ensures the information
can always be tracked back to the source data. For this
purpose, a unique subject identification code (ID num-
ber and subject name code) will be used that allows the
identification of all data (such as survey responses and
scales) reported for each subject. Subject information
collected in each phase of the proposed work will comply
with the standards for the protection of privacy of indi-
vidually identifiable health information as promulgated
in the Health Insurance Portability and Accountability
Act and as mandated in Title 45 CFR, Parts 160 and 164.
All records will be kept confidential and no physician or
patient name will be released by study staff at any time.
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Returned paper surveys or telephone responses will
be entered into REDCap for secure electronic storage,
and paper copies of surveys will be locked in a cabinet in
the offices of the Center for Value-Based Care Research.
REDCap is protected behind a login and Secure Sockets
Layer (SSL) encryption. Data collection is customized
for each study or clinical trial based on a study-specific
data dictionary defined by the research team. REDCap
requires a password for entry. Patient-level data access
will be available only to those members of the team
directly involved in data collection or analysis. All elec-
tronic data systems are maintained behind the Cleveland
Clinic firewall. Entry to the continually locked research
area is restricted by a coded badge identification system.

Plans for collection, laboratory evaluation, and storage
of biological specimens for genetic or molecular analysis
in this trial/future use {33}

N/A. We are not collecting biospecimens.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Statistical analyses

The main analysis will follow the intention-to-treat prin-
ciple. The primary outcome, change in the SPPB from
baseline to discharge (or 10 days), will be compared
between the groups using an independent samples ¢-test.
The large sample size should ensure that any confound-
ing variables are equally distributed between groups.
However, if we identify that any baseline variables are
unbalanced and also associated with the outcome, we will
model SPPB using a linear mixed-effects model to control
for potential confounding. The fixed effects will include
group, measurement time point, their interaction, site,
and any unbalanced baseline variables. Secondary binary
outcomes (discharge disposition and hospital-acquired
complications) will be assessed using the chi-square test.
The secondary longitudinal outcome (mobility improve-
ment 30 days after hospital discharge) will be modeled
using linear mixed-effects models.

Interim analyses {21b}

After 600 (40%) patients enrolled per group, we will con-
duct an interim analysis of the primary outcome to assess
whether the study is working as expected. The O’Brien-
Fleming boundaries at the interim analysis for efficacy
and futility are 3.35 and —3.35, respectively. If the futil-
ity boundary is crossed, indicating that we have failed to
improve patient mobility, then the trial will be stopped,
because if we cannot improve mobility, there is no reason
to think we could improve the other outcomes. On the
other hand, if we cross the boundary for efficacy, we will
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still continue the trial in order to assess the important
secondary outcomes which are the basis for our power
calculation. We do not expect to assess outcomes such as
discharge disposition until the end of the trial. The one
exception is that halfway through the trial (at 18 months)
we will compare the safety outcomes of falls and falls
with injury. The DSMB will review these results to deter-
mine if there are significant risks to continuing the study.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

We will conduct three sensitivity analyses to account for
(1) missing outcomes data, (2) treatment heterogeneity
by site, and (3) the dose-response curve in the interven-
tion group.

To identify the patients most likely to benefit from
ambulating with a MT, we will build models separately
for each treatment arm to predict the outcome of at
least 1-point increase in the SPPB (i.e., beyond the mini-
mal clinically important difference). Using the predicted
probabilities resulting from these models, we will develop
a Classification and Regression Tree (CART) that should
identify subsets of patients likely to benefit, not benefit,
or be harmed by the treatment. For example, the analy-
sis might show that female patients aged >75 years who
have an initial 6-Clicks score between 16 and 18 have an
estimated treatment benefit of being 22% more likely to
achieve the 1-point increase in SPPB. Essentially the tree
will form risk groups of patients with shared characteris-
tics that should receive a similar care recommendation.

We will estimate the total cost of the episode of care
including the index admission (from hospital cost account-
ing systems) and all non-medication costs for the 30
days following enrollment (from Medicare claims) for all
patients. For the intervention group, we will add the per-
sonnel costs for the MTs (hourly wages plus benefits). Since
cost data are skewed, our cost estimates will be transformed
and then compared between groups using the ¢-test.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
Outcomes will be assumed missing at random in the
main analysis. We will perform one sensitivity analysis
in which we impute missing outcomes using a chained
equation approach, and another using the marginal
structure model (MSM), which can handle possible bias
introduced by noncompliance in the intervention group
and informative censoring/dropout simultaneously.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

The investigators are committed to sharing the data from
this study with the broader scientific community. As part of
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that effort, we will make our complete de-identified study
data set, including study assignment, patient characteris-
tics, and outcomes, available upon request from the Prin-
cipal Investigator, 24 months after the conclusion of the
randomized trial. Patient information will be de-identified
in compliance with HIPAA regulations and requesters will
be required to sign a data use agreement that prohibits them
from attempting to reidentify participants. To the extent
possible, case report forms for the study will be designed
using Common Data Element conventions (https://www.
nlm.nih.gov/cde/index.html) described in the subject areas
of Demographics and Patient Contact Information, Medi-
cal History, and Study Details. All fields in the database will
contain documentation to support the correct understand-
ing of the data for internal and external data users.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The steering committee will meet monthly and be com-
prised of members of the study team, including experts
in hospital medicine, physical therapy, nursing, organi-
zational behavior, statistics, and health economics. There
will be approximately 15 members. The committee will
advise the PI on issues having to do with study design,
decisions regarding implementation, data analysis, and
interpretation. When the study is complete, the Steer-
ing Committee will oversee the publication of the manu-
scripts related to this work.

Composition of the data monitoring committee, its role
and reporting structure {21a}

The Data and Safety Monitoring Board (DSMB), com-
posed of independent clinicians, will review the accu-
mulating data with regard to recruitment, safety, and
efficacy. The members of the DSMB will not be involved
in the conduct of this study. The trial statisticians will
summarize and report data to the DSMB semi-annually,
and the DSMB will review the report and make recom-
mendations to the investigators. Serious unexpected
adverse events will be reported to the DSMB (and others)
within 24 h of the study personnel learning of the events.
NIA will recruit individuals to serve on the DSMB and
schedule an initial meeting prior to starting the study.
The purpose of the meeting will be to familiarize mem-
bers with the protocol and to approve the DSMB charter,
which will specify meeting frequency, data, and serious
adverse event reporting requirements and stopping rules
and guidelines.

Adverse event reporting and harms {22}
We will monitor all adverse events and serious adverse
events during the course of the study. Adverse events
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potentially related to the study will include any fall (defined
as an event that results in a patient unintentionally com-
ing to rest on the ground, floor, or other lower level), [47]
which will be categorized as injurious or non-injurious;
other musculoskeletal injuries; pulmonary embolism; and
hospital-acquired infections. The principal investigator or
his designee will assess each event for study-relatedness
and severity. Serious adverse events will be reported to the
Data Safety Monitoring Board (DSMB)

Frequency and plans for auditing trial conduct {23}

The study coordinator at each site will audit the MT
intervention logs and review step counts every month to
ensure that participants are receiving the intervention,
and they will provide feedback to the MT.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

Any protocol amendments deemed significant by the
steering committee will be reviewed and approved by
IRBs at both Cleveland Clinic and Baystate. These will
also be shared with NIA.

Dissemination plans {31a}

We plan to disseminate the results of the study widely
and encourage their translation into practice in a num-
ber of ways, including through conference presentations
(e.g., Society of Hospital Medicine and American Physi-
cal Therapy Association), peer-reviewed publications,
and the creation of a Tool Kit. Embedded in the design
of this project is the intent and plan to use the knowledge
and products of the project to promote better care and
minimize the harms of hospitalization for older adults.
Results will be submitted to clinicaltrials.gov in a timely
manner as specified by the NIH Policy on the Dissemina-
tion of NIH-Funded Clinical Trial Information.

Local/regional dissemination

Members of the administration of our health systems are
keenly interested in these results and would likely make
these changes permanent if outcomes are favorable.
Cleveland Clinic operates 15 hospitals in Northeast Ohio
and Florida, while Baystate Health operates 4 hospitals in
Western Massachusetts. Moreover, Cleveland Clinic is a
national leader in healthcare innovation and holds annual
meetings like the Innovation Summit. We will disseminate
our findings at this meeting, and other similar meetings.

National dissemination

To facilitate dissemination on a national scale, members
of the study team will work with their respective pro-
fessional societies, including the American Academy
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of Nursing, Gerontological Advanced Practice Nurses
Association, Society for Hospital Medicine, American
Physical Therapy Association, American Geriatrics Soci-
ety, Association of Safe Patient Handling Professionals,
and the American Society of Healthcare Risk Manage-
ment (a subsidiary of the American Hospital Association)
to promote the use of MTs through national guidelines
and by influencing quality improvement organizations
such as the Joint Commission and the National Quality
Forum. Policy changes, including consensus guidelines
and quality measures, are powerful catalysts for change
at the health system level. By engaging appropriate
thought leaders in national organizations, we will attempt
to disseminate our findings through such policy changes.
At the same time, we will work with various forms of
media to disseminate our work. This will include the use
of press releases to engage traditional media outlets and
social media.

Finally, we will assemble a Tool Kit to facilitate the
adoption of MTs by other health systems. The Tool Kit,
which will be posted on the study website, will include
materials necessary to start up a mobility tech program
and carry out our intervention with high fidelity. It will
include our MT training manual, instructions on how
to license and use the 6-clicks instrument to determine
patient eligibility, and will link to instructions on how to
access and use the Johns Hopkins Mobility Goal Calcula-
tor. Study publications and links to other supporting arti-
cles will also be included.

Discussion

In a 1947 issue of the British Medical Journal, Asher [63]
advised against bed rest, writing: “Get people up and we
may save our patients from an early grave” Hirsch and
colleagues [4] observed in 1990 that hospital-associated
functional decline improved at a much slower rate than
the acute illness. Such observations—now accumulated
in multiple studies over more than 70 years—have led
to labeling hospital-associated functional decline as an
under-recognized epidemic [7] and identifying its role as
part of the so-called post-hospital syndrome [64].

The primary objective of our study is to examine the
extent to which ambulation interventions provided by an
additional clinical team member—a MT—affects func-
tional decline and other hospital-important outcomes
(e.g., length of stay and discharge disposition) at costs that
could be tenable for hospitals. Given current evidence, it
is unclear if ambulation alone is enough to prevent the
decline patients experience in the hospital. Further, we
do not know how much ambulation may be required nor
which patients benefit from ambulation, alone or in com-
bination with other mobility interventions.
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Appropriate exercise interventions in the hospital
can, at the very least, attenuate functional decline. After
cardiac surgery, ambulation facilitated by “ambulation
orderlies” reduced functional decline and LOS [22, 37].
Kosse et al. [65] found in their systematic review that
exercise interventions (provided by physical therapists
or nurses) improved performance of physical function
tests, contributed to fewer discharges to post-acute care
facilities, and reduced hospital length of stay in a clini-
cally heterogeneous sample of older adults. Similarly, in
their single-center randomized controlled trial (N=370),
Martinez-Velilla et al. [66] demonstrated that an individ-
ualized, multicomponent (resistance, balance, and basic
mobility) exercise intervention in the hospital prevented
functional decline and improved cognitive status.

Despite long-standing and ever-developing evidence
that exercise could attenuate hospital-associated func-
tional decline and lead to improved outcomes, physical
activity interventions remain underutilized. This may be
due, in part, to the relative complexity of these previously
described interventions and the associated challenge of
routinely implementing them in most hospitals. Addi-
tionally, usual care for hospitalized patients more often
prioritizes fall prevention strategies that include bed rest—
often with raised bedrails and activated bed alarms—over
safe mobility practices [32]. With hospital quality metrics
emphasizing fall prevention, [67, 68] and bedside nurses
having multiple tasks that compete for their time and
attention, [29] it is not surprising that patients only take,
on average, 740 steps per day [33] and physician’s orders
for ambulation are not completed up to 75% of the time
[34, 69]. Indeed, nurses have reported concern about hav-
ing limited time to provide mobility interventions, along
with a lack of training and comfort with doing so [70].

Using MTs to assist with simple ambulation is consist-
ent with the “culture of mobility” described as a goal for
many hospitals, [71-73] in a way that does not further
burden nurses. Early literature on the effects of in-hospi-
tal ambulation comes solely from observational or small
prospective, randomized designs. One small nurse-led QI
initiative demonstrated a 0.4-day decrease in LOS [70].
Another study noted that patients who walked more than
900 steps daily were less likely to experience functional
decline (18% vs. 58%) [74]. A small randomized trial in
the United States Veterans Health Administration (VHA)
found that twice daily ambulation plus a behavioral strat-
egy helped maintain post-hospitalization mobility [27].
An observational VHA study found that a daily walking
program was associated with going home vs. a skilled
nursing facility [18]. Our own prospective randomized
controlled pilot trial in one hospital demonstrated that a
MT could increase average daily steps from 668 to 994,
with more intervention patients achieving 900 steps
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(28% vs. 19%). Additionally, intervention patients were
more likely to go home [36]. No study, however, has used
an experimental design to test the effect of MT-assisted
ambulation on both in-hospital (including adverse com-
plications) and post-hospital outcomes.

Our study will be the largest randomized controlled
trial to test any exercise intervention for inpatients and
tests a simple intervention (walking up to three times per
day with a MT) that would be feasible for most hospitals
to implement. There will be adequate statistical power to
not only detect important differences in the primary out-
come of mobility status, but also in less common hospital
complications (falls, venous thromboembolism, pressure
ulcers, and hospital-acquired pneumonia) that have been
suspected to be due, at least in part, to unnecessary bed
rest. We will also be able to develop a clinically useful
classification model, allowing hospitals to recognize for
whom ambulation with a MT may be most beneficial.
This classification model will be strengthened by specific
data on mobility dosing that we will collect from acceler-
ometers. Lastly, our data will provide clear estimates of
intervention costs relative to potential cost savings, infor-
mation that will be important to help hospitals decide if
implementation of a similar program is feasible for them.

Our study has limitations. First, the analyses of dose
effect are observational and subject to confounding, as
is the heterogeneity of treatment effect analysis to deter-
mine which patients benefit most. The cost analyses will
suffer from some missing data. We may also have miss-
ing data for our primary outcome if patients go home
without our knowing. Also, it is not clear whether the
AM-PAC mobility measures can be reliably assessed by
patient versus clinician raters at different time points
without introducing measurement error [26, 75, 76].

Many potential limitations for our study are mitigated by
the study’s design. For example, patients who are enrolled
may be unable or unwilling to ambulate three times each
day. If adherence is lower than expected in interim analyses,
we will compare adherence rates across sites and attempt to
identify and spread best practices. If that is not successful,
we would still likely have sufficient power to detect a dif-
ference in our primary (>99% power with 70% adherence)
and secondary outcomes (80% power with 70% adher-
ence). Depending on the ease of enrollment, we may decide
to enroll additional patients with the same resources. We
anticipate heterogeneous patients, sites, and controls. Given
our large sample, we anticipate that all of these important
covariates will be balanced between the intervention and
control arms. If we find that they are not, we will adjust
our outcomes for important confounders. If we are unable
to directly identify subgroups for whom the intervention
is most beneficial, we will create a score, based on logistic
regression, to identify patients who benefit if they score
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above a certain threshold. Alternatively, we will provide rec-
ommendations and tools to enable individual hospitals to
incorporate our prediction model into the electronic health
record and identify patients directly from the model.

While functional decline in the hospital is multifacto-
rial, general out-of-bed mobility is a modifiable factor for
many patients. This randomized controlled trial will test
the effectiveness of M T-assisted ambulation on outcomes
that matter to both patients and hospitals, including func-
tional status, hospital discharge disposition, and the inci-
dence of potentially avoidable hospital complications. It
will also provide a useful estimation of cost implications
to help hospital administrators assess the feasibility and
utility of creating M T positions in their own hospitals.

Trial status

Our study team is currently using protocol version 1
(dated April 25, 2023). Recruitment began on May 15,
2023, and is expected to conclude by May 31, 2026.

Abbreviations
ADL Activities of daily living

AM-PAC  Activity Measure for Post-Acute Care
CART Classification and Regression Tree
DSMB Data Safety Monitoring Board

IRB Institutional Review Board

JH-HLM  Johns Hopkins Highest Level of Mobility

JH-MGC  Johns Hopkins Mobility Goal Calculator

MT Mobility Technician

NIA National Institute on Aging

PROMIS  Patient Reported Outcomes Measurement Information System
SPPB Short Physical Performance Battery

Acknowledgements
N/A.

Authors’ contributions {31b}

MBR is the Principal Investigator; he conceived the study and led the proposal
and protocol development. JKJ contributed to the study design and to the
development of the proposal; he led the writing of the protocol manuscript.
ACH led the pilot study at Cleveland Clinic and contributed to the design

of the present study, including the development of the proposal. BH was

the lead trial methodologist. QRP and PKL lead the study at Baystate, and
both contributed to the design and development of this study proposal. RJF,
AH, LAS, CNB, GBT, TG, and MS all contributed to the design of the study. All
authors read and approved the final manuscript.

Authors’information
N/A.

Funding {4}
This study is funded by the National Institute on Aging (1R0TAG073278-01A1).

Availability of data and materials {29}
The final trial data set will be retained by the study team, with the primary
responsibility of its content and sharing lying with the Principal Investigator.

Declarations

Ethics approval and consent to participate {24}
Cleveland Clinic’s Institutional Review Board (IRB) approved this study (IRB
22-426) and has a reliant IRB agreement with Baystate. The National Institute



Johnson et al. Trials (2023) 24:471

on Aging (NIA) approved the protocol, members of an independent Data and
Safety Monitoring Board (DSMB), and a DSMB charter. The IRB, NIA, and DSMB
must approve protocol amendments and may specify terms for the commu-
nication of amendments to trial participants. We will provide a report to the
DSMB each quarter and meet every 6 months, or ad hoc if a safety concern
prompts the need for an additional meeting.

Consent for publication {32}
A model consent form can be provided upon request.

Competing interests {28}
The authors declare that they have no competing interests

Author details

'Department of Physical Medicine and Rehabilitation, Neurological Institute,
Cleveland Clinic, Cleveland, OH, USA. *Center for Value-Based Care Research,
Cleveland Clinic, Cleveland, OH, USA. *Department of Hospital Medicine,
Cleveland Clinic, Cleveland, OH, USA. “Department of Quantitative Health
Sciences, Cleveland Clinic, Cleveland, OH, USA. °Department of Healthcare
Delivery and Population Science, University of Massachusetts Medical School-
Baystate, Springfield, USA. ®Mellen Center for Treatment and Research in Mul-
tiple Sclerosis, Neurological Institute, Cleveland Clinic, Cleveland, OH, USA.
’Center for Geriatric Medicine, Cleveland Clinic, Cleveland, OH, USA. 8Office
of Nursing Research and Innovation, and Consultant Staff, Lerner Research
Institute, Cleveland Clinic, Cleveland, OH, USA. °Penn Medicine Lancaster
General Hospital, Lancaster, PA, USA. '°Population Health Research Institute,
Case Western Reserve University at MetroHealth System, Cleveland, OH, USA.
""Rehabilitation and Sports Therapy, Neurological Institute, Cleveland Clinic,
Cleveland, OH, USA.

Received: 23 May 2023 Accepted: 28 June 2023
Published online: 24 July 2023

References

1. Agency for Healthcare Research and Quality. HCUPnet. Healthcare Cost
and Utilization Project (HCUP). Cited 2023 Apr 17. Available from: https://
datatools.ahrg.gov/hcupnet.

2. Zisberg A, Shadmi E, Sinoff G, Gur-Yaish N, Srulovici E, Admi H. Low mobil-
ity during hospitalization and functional decline in older adults. J Am
Geriatr Soc. 2011;59(2):266-73.

3. Gillick MR, Serrell NA, Gillick LS. Adverse consequences of hospitalization
in the elderly. Soc Sci Med. 1982;16(10):1033-8.

4. Hirsch CH, Sommers L, Olsen A, Mullen L, Winograd CH. The natural his-
tory of functional morbidity in hospitalized older patients. J Am Geriatr
Soc. 1990;38(12):1296-303.

5. Sager MA, Franke T, Inouye SK, Landefeld CS, Morgan TM, Rudberg MA,
et al. Functional outcomes of acute medical illness and hospitalization in
older persons. Arch Internal Med. 1996;156(6):645-52.

6. Covinsky KE, Pierluissi E, Johnston CB. Hospitalization-associated disability “She
was probably able to ambulate, but I'm not sure” JAMA. 2011,306(16):1782-93.

7. Brown CJ, Redden DT, Flood KL, Allman RM. The underrecognized epi-
demic of low mobility during hospitalization of older adults. J Am Geriatr
Soc. 2009;57(9):1660-5.

8. Heit JA, Silverstein MD, Mohr DN, Petterson TM, O'Fallon WM, Melton LJ.
Risk factors for deep vein thrombosis and pulmonary embolism: a popu-
lation-based case-control study. Arch Internal Med. 2000;160(6):809-15.

9. Stolbrink M, McGowan L, Saman H, Nguyen T, Knightly R, Sharpe J, et al.
The Early Mobility Bundle: a simple enhancement of therapy which may
reduce incidence of hospital-acquired pneumonia and length of hospital
stay. J Hosp Infect. 2014;88(1):34-9.

10. Andrews AW, Li D, Freburger JK. Association of rehabilitation intensity for
stroke and risk of hospital readmission. Phys Ther. 2015;95(12):1660-7.

11. Johnson JK, Lapin B, Green K, Stilphen M. Frequency of physical therapist
intervention is associated with mobility status and disposition at hospital
discharge for patients with COVID-19. Phys Ther. 2021;101(1):1-8.

12. Johnson JK, Rothberg MB, Adams K, Lapin B, Keeney T, Stilphen M, et al.
Association of physical therapy treatment frequency in the acute care
hospital with improving functional status and Discharging Home. Med
Care. 2022;60:444-52.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33

34.

35.

Page 13 of 14

Johnson JK, Young DL, Marcus RL. An explanatory model for the relation-
ship between physical therapists’self-perceptions of value and care
prioritization decisions in the acute hospital. J Acute Care Phys Ther.
2021;12(4):165-84.

Keeney T. Physical therapy in the COVID-19 pandemic: forging a para-
digm shift for rehabilitation in acute care. Phys Ther. 2020;100(8):1265-7.
Coughenour ET, Salmans KJ, Skoch AD, Starks LL, Sabus C. Achieving

a culture of mobility: implementation of a mobility aide program to
increase patient mobilizations in an acute care hospital. J Acute Care Phys
Ther. 2017;8(3):86-95.

Drolet A, DeJuilio P, Harkless S, Henricks S, Kamin E, Leddy EA, et al. Move
to improve: the feasibility of using an early mobility protocol to increase
ambulation in the intensive and intermediate care settings. Phys Ther.
2013;93(2):197-207.

Exum E, Hull BL. The process of implementing a mobility technician

in the general medicine and surgical population to increase patient
mobility and improve hospital quality measures. J Acute Care Phys Ther.
2019;10(4):129-38.

Hastings SN, Sloane R, Morey MC, Pavon JM, Hoenig H. Assisted early
mobility for hospitalized older veterans: preliminary data from the STRIDE
program. J Am Geriatr Soc. 2014;62(11):2180.

Hopkins RO, Mitchell L, Thomsen GE, Schafer M, Link M, Brown SM. Imple-
menting a mobility program to minimize post-intensive care syndrome.
AACN Adv Crit Care. 2016;27(2):187-203.

Jones RA, Merkle S, Ruvalcaba L, Ashton P, Bailey C, Lopez M. Nurse-led
mobility program: driving a culture of early mobilization in medical-
surgical nursing. J Nurs Care Qual. 2020;35(1):20.

Klein LM, Young D, Feng D, Lavezza A, Hiser S, Daley KN, et al. Increasing
patient mobility through an individualized goal-centered hospital mobil-
ity program: a quasi-experimental quality improvement project. Nurs
Outlook. 2018;66(3):254-62.

Miwa S, Visintainer P Engelman R, Miller A, Lagu T, Woodbury E, et al.
Effects of an ambulation orderly program among cardiac surgery
patients. Am J Med. 2017;130(11):1306-12.

Smart DA, Dermody G, Coronado ME, Wilson M. Mobility programs for
the hospitalized older adult: a scoping review. Gerontol Geriatr Med.
2018;1(4):2333721418808146.

Workman CA, Davies CC, Ogle KC, Arthur C, Tussey K. Evaluation of a
multisite nurse-led mobility plan. JONA. 2020;50(12):649-54.

Fisher SR, Kuo YF, Graham JE, Ottenbacher KJ, Ostir GV. Early ambulation
and length of stay in older adults hospitalized for acute iliness. Arch
Intern Med. 2010;170(21):1942-3.

Hoyer EH, Friedman M, Lavezza A, Wagner-Kosmakos K, Lewis-Cherry

R, Skolnik JL, et al. Promoting mobility and reducing length of stay in
hospitalized general medicine patients: a quality-improvement project. J
Hosp Med. 2016;11(5):341-7.

Brown CJ, Foley KT, Lowman J. D Jr, MacLennan PA, Razjouyan J, Najafi B,
et al. Comparison of posthospitalization function and community mobil-
ity in hospital mobility program and usual care patients: a randomized
clinical trial. JAMA Intern Med. 2016;176(7):921-7.

Kalisch BJ, Landstrom GL, Hinshaw AS. Missed nursing care: a concept
analysis. J Adv Nurs. 2009;65(7):1509-17.

Lasater KB, Aiken LH, Sloane DM, French R, Martin B, Reneau K, et al.
Chronic hospital nurse understaffing meets COVID-19: an observational
study. BMJ Qual Saf. 2021;30(8):639-47.

Al Thobaity A, Alshammari F. Nurses on the frontline against the COVID-
19 pandemic: an integrative review. Dubai Med J. 2020;3(3):87-92.
Zhang X, Tai D, Pforsich H, Lin VW. United States Registered Nurse
Workforce Report Card and Shortage Forecast: A Revisit. Am J Med Qual.
2018;33(3):229-36.

Growdon ME, Shorr R, Inouye SK. The tension between promoting mobility
and preventing falls in the hospital. JAMA Intern Med. 2017;177(6):759-60.
Fisher SR, Goodwin JS, Protas EJ, Kuo YF, Graham JE, Ottenbacher KJ,
et al. Ambulatory activity of older adults hospitalized with acute medi-
calillness. J Am Geriatr Soc. 2011;59(1):91.

Lazarus BA, Murphy JB, Coletta EM, McQuade WH, Culpepper L. The
provision of physical activity to hospitalized elderly patients. Arch
Internal Med. 1991;151(12):2452-6.

Callen BL, Mahoney JE, Grieves CB, Wells TJ, Enloe M. Frequency of
hallway ambulation by hospitalized older adults on medical units of an
academic hospital. Geriatr Nurs. 2004;25(4):212-7.


https://datatools.ahrq.gov/hcupnet
https://datatools.ahrq.gov/hcupnet

Johnson et al. Trials (2023) 24:471

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

Hamilton AC, Lee N, Stilphen M, Hu B, Schramm S, Frost F, et al.
Increasing mobility via in-hospital ambulation protocol delivered by
mobility technicians: a pilot randomized controlled trial. J Hosp Med.
2019;14(5):272-7.

Pack QR, Woodbury EA, Headley S, Visintainer P, Engelman R, Miller A,
et al. Ambulation orderlies and recovery after cardiac surgery: a pilot
randomized controlled trial. J Clin Exerc Physiol. 2017;6(3):42.

Jette DU, Stilphen M, Ranganathan VK, Passek SD, Frost FS, Jette AM.
Validity of the AM-PAC “6-Clicks” inpatient daily activity and basic
mobility short forms. Phys Ther. 2014;94(3):379-91.

Jette DU, Stilphen M, Ranganathan VK, Passek S, Frost FS, Jette AM.
Interrater Reliability of AM-PAC "6-Clicks” Basic Mobility and Daily Activ-
ity Short Forms. Phys Ther. 2015;95(5):758-66.

Martins RK, McNeil DW. Review of Motivational Interviewing in pro-
moting health behaviors. Clin Psychol Rev. 2009;29(4):283-93.

. Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, et al.

Enhancing treatment fidelity in health behavior change studies: best
practices and recommendations from the NIH Behavior Change Con-
sortium. Health Psychol. 2004;23(5):443-51.

Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
et al. A short physical performance battery assessing lower extremity
function: association with self-reported disability and prediction of
mortality and nursing home admission. J Gerontol. 1994;49(2):M85-94.
Volpato S, Cavalieri M, Sioulis F, Guerra G, Maraldi C, Zuliani G, et al.
Predictive value of the Short Physical Performance Battery following
hospitalization in older patients. J Gerontol Series A Biol Sci Med Sci.
2011;66(1):89-96.

Pavasini R, Guralnik J, Brown JC, di Bari M, Cesari M, Landi F, et al. Short
Physical Performance Battery and all-cause mortality: systematic
review and meta-analysis. BMC Med. 2016;14(1):215.

Fisher S, Ottenbacher KJ, Goodwin JS, Graham JE, Ostir GV. Short Physi-
cal Performance Battery in hospitalized older adults. Aging Clin Exp
Res. 2009;21(6):445-52.

Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change
and responsiveness in common physical performance measures in
older adults. J Am Geriatr Soc. 2006;54(5):743-9.

Hars M, Audet MC, Herrmann F, De Chassey J, Rizzoli R, Reny JL, et al.
Functional performances on admission predict in-hospital falls, injuri-
ous falls, and fractures in older patients: a prospective study. J Bone
Miner Res. 2018;33(5):852-9.

Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-
extremity function in persons over the age of 70 years as a predictor of
subsequent disability. N Engl J Med. 1995;332(9):556-61.
Bernabeu-Mora R, Medina-Mirapeix F, Llamazares-Herran E, Garcia-
Guillamén G, Giménez-Giménez LM, Sanchez-Nieto JM. The Short
Physical Performance Battery is a discriminative tool for identifying
patients with COPD at risk of disability. Int J Chron Obstruct Pulmon
Dis. 2015;10(1):2619.

Pavasini R, Guralnik J, Brown JC, di Bari M, Cesari M, Landi F, et al. Short
Physical Performance Battery and all-cause mortality: systematic
review and meta-analysis. BMC Med. 2016;14(1):215.

. Morley JE, Malmstrom TK, Miller DK. A Simple Frailty Questionnaire

(FRAIL) Predicts Outcomes in Middle Aged African Americans. J Nutr
Health Aging. 2012;16(7):601-8.

Gleason L, Benton E, Alvarez-Nebreda M, Weaver M, Harris M, Javedan
H. FRAIL Questionnaire Screening Tool and Short-Term Outcomes in
Geriatric Fracture Patients. J Am Med Dir Assoc. 2017;18(12):1082-6.
Haley SM, Andres PL, Coster WJ, Kosinski M, Ni P, Jette AM. Short-
form activity measure for post-acute care. Arch Phys Med Rehabil.
2004;85(4):649-60.

Jette AM, Tao W, Norweg A, Haley S. Interpreting rehabilitation out-
come measurements. J Rehabil Med. 2007;39(8):585-90.

Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of Iliness
in the Aged: The Index of ADL: A Standardized Measure of Biological
and Psychosocial Function. JAMA. 1963;185(12):914-9.

Graf C. The Lawton instrumental activities of daily living scale. Am J
Nurs. 2008;108(4):52-62 (quiz 62-3).

Fries JF, Cella D, Rose M, Krishnan E, Bruce B. Progress in assessing
physical function in arthritis: PROMIS short forms and computerized
adaptive testing. J Rheumatol. 2009;36(9):2061-6.

Page 14 of 14

58. Schalet BD, Hays RD, Jensen SE, Beaumont JL, Fries JF, Cella D. Validity
of PROMIS physical function measured in diverse clinical samples. J
Clin Epidemiol. 2016;73:112-8.

59. Ferronato L, Vieira D, Rodrigues A, Coronel C, de Avelar NP. Short
physical performance battery in the pre and postoperative myocardial
revascularization surgery in older adults: Reliability, hemodynamic
responses, subjective perceived exertion, and adverse events. Physi-
other Theory Pract. 2022;0(0):1-11.

60. Medina-Mirapeix F, Bernabeu-Mora R, Llamazares-Herran E, Sdnchez-
Martinez MP, Garcia-Vidal JA, Escolar-Reina P. Interobserver Reli-
ability of Peripheral Muscle Strength Tests and Short Physical
Performance Battery in Patients With Chronic Obstructive Pulmonary
Disease: A Prospective Observational Study. Arch Phys Med Rehabil.
2016;97(11):2002-5.

61. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)-A metadata-driven methodology
and workflow process for providing translational research informatics
support. J Biomed Informatics. 2009;42(2):377-81.

62. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The
REDCap consortium: Building an international community of software
platform partners. J Biomed Informatics. 2019;1(95): 103208.

63. Asher RAJ. The dangers of going to bed. Br Med J. 1947,2:967-8.

64. Krumholz HM. Post-Hospital Syndrome — An Acquired, Transient
Condition of Generalized Risk. N Engl J Med. 2013;368(2):100-2.

65. Kosse NM, Dutmer AL, Dasenbrock L, Bauer JM, Lamoth CJ. Effective-
ness and feasibility of early physical rehabilitation programs for geriat-
ric hospitalized patients: a systematic review. BMC Geriatr. 2013;13:107.

66. Martinez-Velilla N, Casas-Herrero A, Zambom-Ferraresi F, Sdez De
Asteasu ML, Lucia A, Galbete A, et al. Effect of exercise intervention on
functional decline in very elderly patients during acute hospitalization:
a randomized clinical trial. JAMA Internal Med. 2019;179(1):28-36.

67. Hempel S, Newberry S, Wang Z, Booth M, Shanman R, Johnsen B,
et al. Hospital fall prevention: a systematic review of implementa-
tion, components, adherence, and effectiveness. J Am Geriatr Soc.
2013;61(4):483-94.

68. Dykes PC, Curtin-Bowen M, Lipsitz S, Franz C, Adelman J, Adkison L,
et al. Cost of Inpatient Falls and Cost-Benefit Analysis of Implemen-
tation of an Evidence-Based Fall Prevention Program. JAMA Health
Forum. 2023;4(1): €225125.

69. Kalisch BJ, Tschannen D, Lee H, Friese CR. Hospital variation in missed
nursing care. 2011;26(4):291-9. https://doi.org/10.1177/1062860610
395929.

70. Hoyer EH, Brotman DJ, Chan K, Needham DM. Barriers to early mobility
of hospitalized general medicine patients: survey development and
results. Am J Phys Med Rehabil. 2015;94(4):304.

71. Hopkins RO, Spuhler VJ, Thomsen GE. Transforming ICU culture to
facilitate early mobility. Crit Care Clin. 2007;23(1):81-96.

72. Hoyer EH, Young DL, Klein LM, Kreif J, Shumock K, Hiser S, et al. Toward
a common language for measuring patient mobility in the hospital:
reliability and construct validity of interprofessional mobility measures.
Phys Ther. 2018;98(2):133-42.

73. Doherty-King B, Bowers BJ. Attributing the responsibility for ambulat-
ing patients: a qualitative study. Int J Nurs Stud. 2013;50(9):1240-6.

74. Agmon M, Zisberg A, Gil E, Rand D, Gur-Yaish N, Azriel M. Association
between 900 steps a day and functional decline in older hospitalized
patients. JAMA Intern Med. 2017;177(2):272-4.

75. Jette AM, Ni P, Rasch EK, Appelman J, Sandel ME, Terdiman J, et al.
Evaluation of patient and proxy responses on the activity measure for
postacute care. Stroke. 2012;43(3):824-9.

76. Johnson JK, Lapin B, Bethoux F, Skolaris A, Katzan |, Stilphen M. Patient
Versus Clinician Proxy Reliability of the AM-PAC "6-Clicks" Basic Mobility
and Daily Activity Short Forms. Phys Ther Rehabil J. 2022;102:1-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1177/1062860610395929
https://doi.org/10.1177/1062860610395929

	Assisted ambulation to improve health outcomes for older medical inpatients (AMBULATE): study protocol for a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Administrative information
	Introduction
	Background and rationale {6a}

	Objectives {7}
	Trial design {8}
	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}
	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}

	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Primary outcome: Short Physical Performance Battery
	Secondary hospital clinical outcomes
	Secondary post-hospital outcomes

	Plans to promote participant retention and complete follow-up {18b}
	Retention in the hospital
	Retention after discharge

	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Statistical analyses

	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}

	Dissemination plans {31a}
	Localregional dissemination
	National dissemination

	Discussion
	Trial status
	Acknowledgements
	References


