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There are no therapeutic guidelines regarding ambulation for older adults hospitalized for
acute illness.1 The importance of early ambulation to recovery in other patient populations is
well established.2,3 For example, time to ambulation after hip fracture surgery is a predictor
of complications such as prolonged length of stay (LOS).4 In the present study, we
examined the association between ambulation and LOS in geriatric patients admitted for
acute illnesses. We hypothesized that increase in ambulation within the 48 hours after
admission would predict LOS after adjusting for risk factors.

Methods
Patients 65 years or older admitted to an Acute Care for Elders unit were studied. A Step
Activity Monitor (SAM) was placed on patients at admission, and participants were
instructed to walk as usual. Data were collected over 4 months in 2009. Patients with an
orthopedic surgical diagnosis or a contraindication to wearing the SAM (eg, bilateral leg
infection or severe edema) were excluded. Patients (N=162) who spent 2 or more days in
hospital were included in the analysis. Institutional review board approval was obtained.

The SAM is a pager-sized accelerometer attached at the ankle. It will not record leg
movements in bed and has been shown to be 98% accurate in clinical populations.5–7 Steps
were recorded in 1-minute intervals synchronized to a 24-hour clock, resulting in a temporal
series of 1440 observations per day.

Total steps were summed for each 24-hour day. A step change score was calculated using
the difference in step totals between the first and second day. Mean daily steps were
calculated using the number of complete days the SAM was worn. Demographic and clinical
characteristics were obtained from medical records.

©2010 American Medical Association. All rights reserved.
Correspondence: Dr Fisher, Division of Rehabilitation Sciences, University of Texas Medical Branch, UTMB 301 University Blvd,
Galveston, TX 77555-0460 (stfisher@utmb.edu).
Financial Disclosure: None reported.
Author Contributions: Dr Fisher had full access to all of the data in the study and takes responsibility for the integrity of the data and
the accuracy of the data analysis. Study concept and design: Fisher, Kuo, and Graham. Acquisition of data: Fisher and Ostir. Analysis
and interpretation of data: Fisher, Kuo, and Ottenbacher. Drafting of the manuscript: Fisher and Ostir. Critical revision of the
manuscript for important intellectual content: Fisher, Kuo, Graham, Ottenbacher, and Ostir. Statistical analysis: Fisher and Kuo.
Obtained funding: Ottenbacher and Ostir. Study supervision: Ostir.

NIH Public Access
Author Manuscript
Arch Intern Med. Author manuscript; available in PMC 2011 July 15.

Published in final edited form as:
Arch Intern Med. 2010 November 22; 170(21): 1942–1943. doi:10.1001/archinternmed.2010.422.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Generalized estimating equation models were used to examine the association between step
change score and LOS with and without adjustment for covariates. The best fitting model
was the one in which LOS was discontinuous with a large drop at 600 steps or more. We
used χ2 and t tests to examine differences between patients who increased their walking by
600 steps or more from the first to second day vs those who did not. Statistical analyses
were performed using SAS version 9.2 software (SAS Institute Inc, Cary, North Carolina).
Testing was 2-sided, and P<.05 was considered significant.

Results
Mean (SD) age was 77.4 (7.7) years; 55.7% were women; mean (SD) body mass index was
26.5 (6.5) (calculated as weight in kilograms divided by height in meters squared); and
21.4% reported a fall in the past year. Reasons for admission included cardiopulmonary
(30.8%), infections (25.2%), and gastrointestinal (16.4%), neurologic (6.2%), and other
(21.4%) complications. The all patient refined diagnosis related group severity of illness
classification8 was minor (10.6%), moderate (43.8%), major (36.2%), and extreme (9.4%).
Mean (SD) LOS was 6.1 (2.9) days (range, 4–26 days).

Prior to admission, 52.8% were independent ambulators, 35.2% used a cane or walker, and
12.0% required help from another person. Ambulation was restricted at admission by tubing
and/or monitoring equipment in 28.9% of patients. Physician activity orders at admission
were “as tolerated” (53.0%), “ambulate with assist” (16.6%), and “bed rest” (29.6%).

Patients averaged 662.1 (SD, 784.9) steps per day. Mean (SD) number of steps for the first
complete day was 540.6 (812.9) and 737.0 (904.1) for the second day. Mean (SD) step
change score between the first and second day was 196.5 steps (669.3) (range, −1546.0 to
2378.0).

Only sex (β=269.4 [SE, 112.8]; P=.02) was significantly associated with the step change
score; men increased their step count significantly more than women.

The Figure shows the unadjusted step total change scores and step change score deciles by
LOS. Patients with low or negative change scores had longer LOS. The unadjusted mean
difference in LOS between those who increased their step total by 600 steps or more and
those who did not was 1.73 days (95% confidence interval, 0.60–2.85). After adjusting for
demographic and clinical characteristics, the difference between groups was 2.13 days (95%
confidence interval, 1.05–3.97).

We compared the 32 patients who increased their walking by 600 steps or more with all
other patients. No significant differences existed by age, diagnosis, presence of tubing and/
or monitoring equipment, fall history, number of comorbid conditions, or illness severity.
They were more likely to be men (P=.02) and independent ambulators (P<.01) and have an
admitting order of “ambulate with assist” (P=.03).

Comment
Patients who increased their walking by at least 600 steps from the first to second 24-hour
day were discharged approximately 2 days earlier than those who did not. Results suggest
accelerometers may be useful in creating clinical thresholds for ambulation in hospitalized
persons. These thresholds may not be excessively high; 600 steps correspond to
approximately 12 minutes of slow walking.9

A limitation of the study is the possibility of reverse causation. Patients who increased their
step count may have been less ill. This possibility should be explored in future studies. In
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conclusion, level of ambulation during the first 48 hours after admission was linked to LOS
in geriatric patients. These results may inform future research investigating ambulation as an
intermediate measure to health outcomes like functional status, service use, and LOS.
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Figure.
Unadjusted step total change scores and step change score deciles by length of stay. Bars are
mean length of stay for change score deciles: −300 steps or less; −300 to −100 steps; −100
to 0 steps; 0 to 99 steps; 100 to 299 steps; 300 to 599 steps; 600 to 1000 steps; and more
than 1000 steps. Adjacent deciles in the range −100 to 100 steps were combined. The
unadjusted mean difference in length of stay between those who increased their step total by
600 steps or more from the first to second complete day of hospitalization and those who did
not was 1.73 days (95% confidence interval, 0.60 to 2.85 days); after adjusting for
demographic and clinical characteristics (see “Methods” section), the difference was 2.13
days (95% confidence interval, 1.02 to 3.93 days).
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