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In dividuals aged 65 years and over represent 13% of the 
United States population and account for nearly 40% of 
hospital discharges.1 Bedrest hastens the functional decline 
of older patients2-5 and is associated with risk of serious 

complications, such as falls, delirium, venous thrombosis, and 
skin breakdown.6,7 Ambulation is widely recognized as import-
ant for improving hospital outcomes.8-10 Observational studies 
suggest that increases of 600 steps per day are associated with 
shortened length of hospital stay.9 However, randomized trials 
of assisted ambulation have not demonstrated consistent ben-
efit.11-14 As a result, usual care at most hospitals in the United 
States does not include assisted ambulation. Even when am-
bulation is ordered, execution of the orders is inconsistent.15-17 

Studies have demonstrated the benefits of various exercise 

protocols for older patients in rehabilitation facilities,18,19 medi-
cal intensive care units,20 and medical and surgical wards.13,18,21 
These interventions are usually nursing centered; however, as-
sisting patients with ambulation multiple times per day may 
be a burdensome addition to the myriad responsibilities of 
nurses.19,22,23 In fact, ambulation orders are the most frequently 
overlooked nursing task.24 

We designed a graded protocol of assisted ambulation 
implemented by a dedicated patient care nursing assistant 
(PCNA) multiple times daily to increase patient mobility. The 
objective of this study was to assess the feasibility and effec-
tiveness of such an intervention for older inpatients. We hy-
pothesized that the intervention would prove feasible and 
improve hospital outcomes, including less need for inpatient 
rehabilitation and shorter length of stay.

METHODS
We conducted a single-blind randomized controlled trial of 
patients aged ≥60 years and admitted as medical inpatients 
to the Cleveland Clinic Main Campus, a tertiary care center 
with over 1,440 inpatient beds. The consent form and study 
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BACKGROUND: Ambulating medical inpatients may 
improve outcomes, but this practice is often overlooked 
by nurses who have competing clinical duties.

OBJECTIVE: This study aimed to assess the feasibility and 
effectiveness of dedicated mobility technician-assisted 
ambulation in older inpatients.

DESIGN: This study was a single-blind randomized 
controlled trial. 

SETTING: Patients aged ≥60 years and admitted as 
medical inpatients to a tertiary care center were recruited. 

INTERVENTION: Patients were randomized into 
two groups to participate in the ambulation protocol 
administered by a dedicated mobility technician. Usual 
care patients were not seen by the mobility technician 
but were not otherwise restricted in their opportunity to 
ambulate.

MEASUREMENTS: Primary outcomes were length of stay 
and discharge disposition. Secondary outcomes included 

change in mobility measured by six-clicks score, daily steps 
measured by Fitbit, and 30-day readmission.

RESULTS: Control (n = 52) and intervention (n = 50) 
groups were not significantly different at baseline. Of 
patients randomized to the intervention group, 74% 
participated at least once. Although the intervention did 
not affect the primary outcomes, the intervention group 
took nearly 50% more steps than the control group (P 
= .04). In the per protocol analysis, the six-clicks score 
significantly increased (P = .04). Patients achieving ≥400 
steps were more likely to go home (71% vs 46%, P = .01). 

CONCLUSIONS: Attempted ambulation three times daily 
overseen by a dedicated mobility technician was feasible 
and increased the number of steps taken. A threshold of 
400 steps was predictive of home discharge. Further studies 
are needed to establish the appropriate step goal and the 
effect of assisted ambulation on hospital outcomes. Journal 
of Hospital Medicine 2019;14:272-277. Published online first 
February 20, 2019. © 2019 Society of Hospital Medicine 
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protocol were approved by the Cleveland Clinic Institutional 
Review Board, and the study was registered with ClinicalTrials.
gov (NCT02757131).

Patients
All patients who were admitted to study wards for a medical 
illness and evaluated by Physical Therapy (PT) were eligible for 
the study. PT evaluations were ordered by the medical team if 
deemed necessary on the basis of factors, such as age, estimat-
ed mobility, and concerns raised by the ancillary staff. All patients 
who were expected to be discharged to a skilled nursing facility 
placement or who required home PT received a PT evaluation. 
Assessment of mobility was documented via Activity Measure for 
Postacute Care Inpatient Basic Mobility “six-clicks” short form, 
hereafter abbreviated as “six-clicks.” Based on past experience, 
patients with scores <16 rarely go home (<20% of the time), and 
those with scores >20 usually go home regardless of ambulation. 
Therefore, only patients with scores of 16-20 were invited to par-
ticipate in the study. Although patients who were not evaluated 
by PT might also benefit from the intervention, we required a 
six-clicks score to assess eligibility. The exclusion criteria includ-
ed anticipated remaining length of stay less than three days, 
admission under observation status, admission to the intensive 
care unit (ICU,) patients receiving comfort care measures, and 
patients with medical conditions precluding ambulation, such as 
decompensated heart failure or unstable angina.

Randomization
Patients were randomized to “usual care” or “mobility techni-
cian” after baseline evaluation using a computerized system. 
A block randomization scheme with a size of four was used to 
ensure an approximately equal number of patients per group. 

Intervention
Patients randomized to the intervention group were asked to 
participate in the ambulation protocol outlined by the PT three 
times daily under the supervision of the mobility technician. The 
protocol involved four exercise levels (sitting, standing, walking, 
and stairs), which were implemented depending on the patient’s 
physical capacity. The mobility technicians, who were PCNAs, 
were trained by the PT team. PCNAs have no specific degrees 
or certification. They are taught safe handling techniques during 
their job orientation, so they already had an understanding of 
how to transfer and assist a patient with ambulation. The mo-
bility technician training consisted of one four-hour session 
run by the PT team in the physical therapy department and 
the nursing unit. The training included safe handling practices 
and basic mobility, such as transfers from bed to chair, bed to 
standing, walking with assistance, and walking independently 
with equipment such as cane, rolling walker, and walking belt. 
All instruction was demonstrated by the trainer, and the mobili-
ty technician was then able to practice. The mobility technician 
then shadowed the trainer and practiced the techniques under 
supervision. Competency was assessed by the trainer.

The cohort of patients randomized to “usual care” was not 
seen by the mobility technicians but was not otherwise restrict-

ed in nursing’s baseline ability to execute recommendations 
placed by the PT team. Compliance with the recommenda-
tions is highly variable and dependent on patient acuity during 
the shift, staffing issues, and competing duties. Cleveland Clin-
ic promotes a “culture of mobility,” and nurses are encouraged 
to get patients out of bed and assist with ambulation. 

Study Instruments—Measures of Mobility 
The six-clicks instrument is a tool for measuring basic mobility. 
It was adapted from the Activity Measures for Post-Acute Care 
(AM-PAC) instrument.25 Although initially created for self-re-
port in the post-acute care setting, six-clicks has been validat-
ed for use by PTs in the acute care setting26 and is currently in 
use at more than 1,000 US hospitals. Cleveland Clinic PTs have 
used this measure for routine evaluation since 2011. The instru-
ment has high interrater reliability and can predict discharge 
disposition.27-29 

Each patient was provided with a tracking device (Fitbit) at-
tached at the wrist to record daily steps for measuring mobility. 
The use of Fitbit has been validated in ambulatory and inpa-
tient settings.30 The device produces step counts within 3% of 
the observed step count for most patients but may undercount 
steps in patients with very slow gait.31 The device was provided 
to each enrollee and collected at discharge. 

Variables 
Demographic information, comorbid diagnoses, and dis-
charge destination were extracted from the electronic medical 
record. Information on prehospitalization physical activity level 
was obtained from the initial PT assessment. Falls were tracked 
through the safety event reporting system. 

Outcomes
The primary outcomes were discharge disposition and hospi-
tal length of stay. The secondary outcomes included average 
steps per day, change in six-clicks score from admission to dis-
charge, inpatient mortality, admission to ICU, falls, deep vein 
thrombosis, pulmonary embolism, or pneumonia, and read-
mission within 30 days.

Statistical Analysis 
Patient characteristics were summarized as means and standard 
deviations or medians and interquartile ranges for continuous 
variables and as frequencies and percentages for categorical 
variables. The t-test or Wilcoxon rank sum test was applied to 
compare continuous characteristics between the intervention 
and control groups. Chi-squared test or Fisher’s exact test 
was applied to compare categorical characteristics. Given its 
skewed distribution, the length of stay was log-transformed 
and compared between the two groups using Student’s t-test. 
Chi-squared test was used to compare categorical outcomes. 
The analysis of final six-clicks scores was adjusted for baseline 
scores, and the least-square estimates are provided. A linear 
mixed effects model was used to compare the number of daily 
steps taken because each participant had multiple steps mea-
sured. Results were adjusted for prehospital activity. In addi-
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tion to comparing the total steps taken by each group, we de-
termined the proportion of patients who exceeded a particular 
threshold by taking the average number of steps per day for all 
subjects and relating it to home discharge using the Receiver 
Operating Characteristics (ROC) curve. An optimal cut-off was 
determined to maximize the Youden index. We also compared 
the proportion of patients who exceeded 900 steps because 
this value was previously reported as an important threshold.32 
All analyses were conducted using intention-to-treat princi-
ples. We also conducted a per-protocol analysis in which we 
limited the intervention group to those who received at least 
one assisted ambulation session. A dose-response analysis 
was also performed, in which patients were categorized as not 
receiving the therapy, receiving sessions on one or two days, or 
receiving them on more than two days.

All analyses were conducted using R-studio (Boston, MA). 
Statistical significance was defined as a P-value < .05. Given 
that this is a pilot study, the results were not adjusted for mul-
tiple comparisons. 

RESULTS
Characteristics of patients in the intervention and control 
groups are shown in Table 1. The patients were mostly white 
and female, with an average age in the mid-70s (range 61-98). 
All measures evaluated were not significantly different be-
tween the intervention and control groups. However, more pa-
tients in the intervention group had a prehospital activity level 
classified as independent.

Table 2 demonstrates the feasibility of the intervention. 
Of patients randomized to the intervention group, 74% were 
ambulated at least once. Once enrolled, the patients success-
fully participated in assisted ambulation for about two-thirds 

of their hospital stay. However, the intervention was delivered 
for only one-third of the total length of stay because most pa-
tients were not enrolled on admission. On average, the mo-
bility technicians made 11 attempts to ambulate each patient 
and 56% of these attempts were successful. The proportion of 
unsuccessful attempts did not change over the course of the 
study. The reasons for unsuccessful attempts included patient 
refusal (n = 102) or unavailability (n = 68), mobility technicians 
running out of time (n = 2), and other (n = 12).

Initially, the mobility technicians were not available on week-
ends. In addition, they were often reassigned to other duties 
by their nurse managers, who were dealing with staffing short-
ages. As the study progressed, we were able to secure the mo-
bility technicians to work seven days per week and to convince 
the nurse managers that their role should be protected. Con-
sequently, the median number [IQR] of successful attempts in-
creased from 1.5 [0, 2] in the first two months to 3 [0, 5] in the 
next three months and finally to 5 [1.5, 13] in the final months 
(P < .002). The median visit duration was 10 minutes, with an 
interquartile range of 6-15 minutes. 

In the intention-to-treat analysis, patients in the intervention 
group took close to 50% more steps than did the control pa-
tients. After adjustment for prehospital activity level, the differ-
ence was not statistically significant. The intervention also did 
not significantly affect the length of stay or discharge disposi-
tion (Table 3). In the per protocol analysis, the difference in the 
step count was significant, even after adjustment. The six-clicks 
score also significantly increased. 

To assess for dose response, we compared outcomes among 
patients who received no intervention, those who received two 
or fewer days of intervention, and those who received more 
than two days of intervention (Table 4). The length of stay was 
significantly longer in patients with more than two days of in-

TABLE 1. Comparison of Baseline Characteristics 
between the Two Groups

Control  
(n = 52)

Mean (SD)  
or N (%) 

Intervention  
(n = 50)

Mean (SD)  
or N (%) P  Value

Age 76.8 (8.6) 75.6 (9.6) .49

Gender (%) Male

Female

16 (31)

36 (69)

23 (46)

27(54)

.17

Race (%) American Indian

Black

White

1 (2)

20 (39)

31 (60)

0 (0)

22 (44)

28 (56)

.55

Prehospital activitya (%) Independent

Dependent

15 (29)

36 (71)

21 (42)

29 (58)

.27

Co-morbid conditionsb (%) 6.8 (2.3) 6.3 (2.4) .33

Initial six-clicks 18 (1.4) 18 (1.3) .25

aMissing data for one patient.

bMissing data for four patients.

TABLE 2. Implementation of the Intervention  
(restricted to 37 patients with any attempts)a

Metric Mean (SD) Minimum Maximum Median [IQR]

Days visited 3.1 (2.4) 1 10 2 [1, 4]

% days visitedb 63 (36) 8 100 50 [43, 86]

% days visitedc 37 (18) 7 71 33 [20, 50]

# of attempts 11 (11) 1 43 7 [3, 11]

# of successful attempts 6 (7.0) 0 30 4 [2, 7]

Total duration (in mins) 66 (106) 0 591 31 [17, 66]

# of successful attemptsc 6.5 (7.0) 1 30 4 [2, 7]

Total duration (in mins)d 72 (109) 9 591 32 [19, 68]

aOne patient did not have discharge date due to death. bDivided by the difference between 
discharge and Fitbit placement date; 11 subjects had a difference of one day, and one 
subject had a difference of 0. 
cDivided by length of stay
dExcludes three patients with no successful attempts 

Abbreviation:  IQR, interquartile range; SD, standard deviation.
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tervention, likely reflecting greater opportunities for exposure 
to the intervention. The longer intervention time significantly 
increased the six-clicks score. 

We examined the relationship between steps achieved and 
discharge disposition. Patients who achieved at least 900 steps 
more often went home than those who did not (79% vs. 56%, P < 
.05). The ROC for the model of discharge disposition using steps 
taken as the only predictor had an area under the curve of 0.67, 
with optimal discrimination at 411 steps. At a threshold of 400 
steps, the model had a sensitivity of 75.9% and a specificity of 
51.4%. Patients achieving 400 steps were more likely to go home 
than those who did not achieve that goal (71% vs. 46%, P =.01). 
More patients in the intervention group achieved the 900 step 
goal (28% vs. 19%, P = .30) and the 400 step goal (66% vs. 58%, 
P = .39), but neither association reached statistical significance.

DISCUSSION
In this pilot study conducted with older medical inpatients, we 
found that assisted ambulation provided by a dedicated mobil-
ity technician was feasible and increased the number of steps 
taken by patients. Not all patients in the treatment group re-
ceived the intervention partly due to the fact that the program 
initially did not include weekends and the mobility technicians 

were sometimes redirected to other nursing duties. Both issues 
were addressed during the course of the study. In the per pro-
tocol analysis, the intervention increased the average six-clicks 
score and there was a nonsignificant reduction in the percent-
age of patients discharged to a rehabilitation facility.

A range of hospital-based mobility interventions have been 
described. Several of which were complex multidisciplinary in-
terventions that included a mobility component. The compli-
ance rates have ranged from 82% to 93.7%,12,13 although a 
systematic review noted that many studies do not provide this 
level of information.11 Interventions were carried out by nurs-
ing staff and PT with support from family members and social 
workers.33-35 Ambulation-specific programs have also relied on 
nurses and PT13,14,36 and, occasionally, on research assis-
tants to implement assisted ambulation protocols.12,37 A recent 
study that employed research assistants to deliver inhospital 
ambulation reported achieving 51.3% of intended walks.37 

In contradistinction to previous studies, we created a new 
role, employing PCNAs as dedicated mobility technicians. We 
did this for two reasons. First, the approach is less expensive 
than deploying registered nurses or PTs to ambulate patients 
and therefore more likely to be adopted by hospitals, especial-
ly if it can decrease the cost of an episode of care by avoiding 

TABLE 3. Primary and Secondary Outcomes in the Intention-to-Treat and Per Protocol Analyses

Intention-to-Treat Per Protocol 

Control 
(n = 52)

Intervention 
(n = 50)

Control  
(n = 45)a

Intervention  
(n = 32)

Outcome Mean (SD) Mean (SD) P  Value Mean (SD) or N(%) Mean (SD) or N(%) P  Value

LOSb 7.5 (6.9) 7.6 (4.6) .62 6.6 (6.5) 7.7 (4.0) .10

Final 6-clicks scorec 18.36 (0.20) 18.60 (0.21) .40 18.27 (0.19) 18.90 (0.23) .04

DVT (%) 1 (2) 0 (0) 1.00 1 (2) 0 (0) 1

PE (%) 0 (0) 1 (2) .98 0 (0) 0 (0) NA

Pneumonia (%) 2 (4) 3 (6) .96 2 (4) 1 (3) 1

Readmission (%) 12 (23) 10 (20) .89 10 (22) 9 (28) .75

Falls (%) 1 (2) 1 (2) 1.00 1 (2) 1 (3) 1

Disposition (%) Home

SNF

Rehab

Death

Other

31 (60)

15 (29)

5 (10)

1 (2)

0 (0)

32 (64)

12 (24)

4 (8)

1 (2)

1 (2)

.84 28 (62)

13 (29)

4 (9)

0 (0)

22 (69)

9 (28)

1 (3)

0(0)

.58

Stepsd 668 (110) 994 (112) .04 (.09)e 726 (126) 1182 (141) .02 (.03)5

>900 steps (%) 10 (19) 14 (28) .30 10 (22) 13 (41) .08

>400 steps (%) 30 (58) 33 (66) .39 28 (62) 26 (81) .07

aFour patients went to the operating room, one changed to the observation status, one transferred to a nonparticipating nursing unit, and one withdrew consent. 

bP-value for t-test comparing log-transformed lenfth of stay (LOS)

cLeast-square estimates of means (standard errors). Analysis was adjusted for baseline scores

dOnly 93 patients had at least one step data

eAfter adjustment for prehospital mobility level.

Abbreviations: DVT, deep vein thrombosis; LOS, length of stay; PE, pulmonary embolism; SD, standard deviation.
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subsequent inpatient rehabilitation. Mobility technicians have 
no degree or certification requirements and are therefore paid 
less than nurses or physical therapists. Second, by having a 
single responsibility, mobility technicians were more likely to 
engage in their task than nurses, who have competing respon-
sibilities. However, when nurse staffing was short, nurse man-
agers were tempted to recall the PCNAs for other nursing du-
ties. It took time before PCNAs and supervisors prioritized this 
new responsibility. When they did, the number of attempted 
walks increased substantially, but the percentage of successful 
attempts remained constant at 56%, highlighting the difficulty 
of getting hospitalized patients to walk. 

On average, patients who received the intervention engaged 
in 72 minutes of additional physical activity and averaged 990 
steps per day. Observational data suggest patients accrue about 
1,100 steps in the day before discharge, with older patients ac-
cruing closer to 900.21 One study found that older patients with 
fewer than 900 steps per day were likely to experience a func-
tional decline.32 We also found that patients who achieved at 
least 900 steps were more likely to go home. However, we found 
that a lower threshold, namely, 400 steps, offered better discrim-
ination between patients who go home and those who do not. 
Future prospective studies are needed to establish the appro-
priate goal for exercise interventions. A lower step goal could 
dramatically enhance the efficiency of the intervention. 

A Cochrane review found that pooled analysis of multidisci-
plinary interventions that included exercise, often in the form 
of walking, achieved a small but significant increase in the pro-

portion of patients discharged to home (RR 1.08, 95%CI 1.03 to 
1.14).11 We found no significant change in the discharge dispo-
sition, but our study was underpowered for this endpoint. The 
six-clicks score showed a small but significant change in the per 
protocol analysis. The six-clicks score has been shown to cor-
relate with discharge disposition,28,29 and an improvement in the 
score suggests that discharge disposition may be influenced. 

The intervention may also not have been implemented for 
long enough. On average, visits were achieved for one-third 
of the hospital stay partly because of the delay in PT evalua-
tion, which we required for eligibility. In practice, PT evaluation 
can occur just a few days before the anticipated discharge. We 
observed a dose dependent response among patients in the 
intervention group, suggesting that earlier intervention could 
be more effective. Earlier intervention might be achieved if the 
MT performed the six-clicks on potentially eligible patients.

The effects of hospitalization on mobility may be the most 
pronounced in the long term; one study found that 40% of 
hospitalized older patients manifested new ADL or IADL dis-
ability three months after discharge compared with 31% at 
discharge.7 Hospital-based mobility interventions may con-
tinue to affect subjects’ independence for weeks or months. 
In one RCT, an inpatient ambulation intervention improved 
mobility in the community one month after discharge.37 A 
hospital-based exercise program that included ambulation 
achieved better functional outcomes one month later.13 One 
RCT that combined inpatient exercise with outpatient care 
coordination also decreased readmission rates.34 We found 

TABLE 4. Comparison of Outcomes between Control and Intervention Groups without Days Visited, with up to Two 
Days of Intervention, and with More than Two Days of Intervention

Control 
n = 65

Mean (SD)

≤ 2 days 
n = 22

Mean (SD)

2+ days  
n = 15

Mean (SD) P  Value for Trend

LOS 6.94 (6.37) 6.63 (3.96) 11.4 (4.31) .03

Final 6-clicks scorea 18.27 (0.18) 18.51 (0.30) 19.34 (0.37) <.001

DVT 1 (2) 0 (0) 0 (0) .49

PE 1 (2) 0 (0) 0 (0) .49

Pneumonia 3 (5) 2 (9) 0 (0) .73

Readmission 13 (20) 8 (36) 1 (7) .69

Falls 1 (2) 0 (0) 1 (7) .34

Disposition Home

SNF

Rehab

Death

Other

39 (60)

17 (26)

7 (11)

1 (2)

1 (2)

14 (64)

7 (32)

1 (5)

0 (0)

0 (0)

10 (67)

3 (20)

1 (7)

1 (7)

0 (0)

.60

>900 steps per day 11 (17) 6 (27) 7 (47) 0.01

Steps per day 670 (100) 904 (164) 1273 (184) 0.004

aLeast-square estimates of means (standard errors). Analysis was adjusted for baseline scores.

Abbreviations: DVT, deep vein thrombosis; LOS, length of stay; PE, pulmonary embolism; SD, standard deviation.
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that the intervention did not affect readmission.
This pilot study has several limitations. The sample size was 

small, and the findings need to be replicated in a larger ran-
domized controlled trial. This is particularly important because 
the two study arms were not balanced in terms of their pre-
hospital activity. After adjustment for prehospital activity, the 
differences in the step count in the intention-to-treat analysis 
were no longer significant. As we adjusted the intervention to 
hospital workflow, the intervention changed over time. The 
intention-to-treat analysis may therefore underestimate the 
effect of the intervention. This work provides a basis for fu-
ture trial. Finally, discharge disposition depends on a complex 
interplay of factors, including social factors and preferences, 
which may not be affected by a mobility intervention.

In summary, an inhospital mobility protocol of attempting 
ambulation delivered by dedicated mobility technicians three 
times daily successfully increased the daily step counts and 
mobility scores of the patients. Studies with a larger sample 
size are needed to determine whether the proposed approach 
can affect length of hospital stay, discharge disposition, and 
overall cost of an episode of care. 
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