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Summary

BACKGROUND: Objective mobility goals for elderly hos-
pitalised medical patients remain debated. We therefore 
studied steps parameters of elderly patients hospitalised 
for an acute illness, to determine goals for future interven-
tional trials and medical practice.

METHODS: Observational study conducted from Febru-
ary to November 2018 in a medical ward of the Lausanne 
University Hospital, Switzerland. We measured the step 
parameters of consecutive medical patients aged ≥65 
years admitted for an acute medical illness using a wrist 
accelerometer (Geneactiv). We also collected demograph-
ic, somatic and functional factors.

RESULTS: Overall, 187 inpatients had their step parame-
ters (daily step count, walking cadence and bout dura-
tion) measured with accelerometers worn for a mean of 
3.6 days (standard deviation [SD] 3.2). Elderly inpatients 
(81.5 years, SD 8.5) walked a median of 603 steps daily 
(interquartile range [IQR] 456–809), at a median cadence 
of 100 steps/minute (I QR 99–101) with median walking 
bouts of 33 seconds (I QR 27–37) and with 70% of the 
walking bouts lasting less than 30 seconds. Patients walk-
ing ≥600 steps were younger (80.4 years, SD 8.9 vs 82.8 
years,SD 7.9, p = 0.050) and had a longer length of stay 
(7.8 days, SD 5.1 vs 6.1 days, SD 4.1, p = 0.011) than 
those walking <600 steps. Patients at high risk of bed 
sores walked less (564 steps, IQR 394–814 vs 626, IQR 
526–840) than those with a lower risk of sores.

CONCLUSION: During a hospitalisation for an acute med-
ical illness, patients aged ≥65 years walk a mere 603 
steps daily and most of the time for periods of less than 30 
seconds. This information should be used to build up fu-
ture interventional trials or to set mobility goals for patients 
hospitalised in Swiss hospitals.

Introduction

Walking is regarded as one of the most effective measures 
to sustain physical fitness and reduce adverse health events 
[1, 2]. Still, most elderly patients spend over 80% of their 
hospitalisation time in bed [3]. Walking aids, comorbidi-
ties, medical procedures and lack of motivation are the

most relevant factors for a patient’s low activity [4–6].
Low mobility during hospitalisation is associated with an
increased probability of death [7], a decline in activities
of daily living [8, 9], longer hospital stays [9] and place-
ment in a post-acute facility or other institutionalisation
[10, 11]. After hospitalisation from an acute medical ill-
ness, approximately 40% of older adults are less able to
conduct activities of daily living and only 30% of them re-
turn to their pre-admission physical condition within a year
of discharge [12].

Physical activity can be quantified by the number of daily
steps a patient takes using pedometers or, more recently,
accelerometers [13]. A mean of 740 steps [14] and a me-
dian of 600–656 steps [15, 16] has been reported in older
hospitalised patients, which is two to six times less than a
comparable community-dwelling population [17]. Elderly
patients walking fewer than 900 steps during hospitalisa-
tion have a significant increase in negative outcomes, such
as in-hospital acquired functional decline [18].

Thus, to set up future interventional mobility trials aiming
at increasing the step-count of elderly patients hospitalised
in acute medical wards and decreasing such deleterious
outcomes, better knowledge of step parameters is neces-
sary. So far, few studies on step parameters in the acute
medical setting have been published and they generally
included geriatric or rehabilitation wards, and focused on
step counts or raw physical activity measure (mG) rather
than on cadence and bout measurements [11, 19–22].
Moreover, since we can hypothesise that inpatient mobil-
isation’s pattern and quantity is related to the healthcare
system and hospital resources, it is of interest to assess,
for the first time, step parameters of elderly patients hos-
pitalised in Switzerland. Switzerland has a higher quantity
of healthcare personnel per capita than most countries [23],
with a high availability of hospital beds and hospital staff.
In our previous analysis [11], we assessed levels of phys-
ical activity using raw physical activity measure (mG),
which is not transposable to clinical practice, since more
details about step parameters are necessary to set mobility
goals for hospitalised patients.

We therefore aimed to assess in the present analysis step
parameters (including step count, cadence and bout dura-
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tion) of elderly patients hospitalised in a medical ward for
acute care of the Lausanne University Hospital, in Switzer-
land, and to identify factors associated with step parame-
ters.

Materials and methods

Setting

This study was carried out from February to November
2018 in a 21-bed internal medicine ward at the Lausanne
University Hospital (CHUV) in canton Vaud, a French-
speaking region of Switzerland. The CHUV has more than
1500 beds and admits over 50,000 patients per year
(www.chuv.ch/fr/chuv-home/en-bref/chiffres/). The
method used for this study is similar to two previous stud-
ies [6, 11] in the same population.

Recruitment procedure

Patients were recruited on a daily basis, Monday to Friday.
Briefly, all patients aged ≥65 years admitted directly to the
study ward or via the emergency unit were considered as
eligible. Participants were excluded if they: (a) had a prob-
able life expectancy of less than 30 days, based on clini-
cal judgement; (b) had insufficient comprehension of the
French language, (c) were unable to stand on their feet
one week before hospitalisation, as assessed by interview,
or (d) were forced to bed rest due to factors unrelated to
the cause of hospital admission (e.g., fracture). The selec-
tion procedure was applied within the first three days of
hospitalisation. If exclusion criteria were not met, patients
were invited to participate and the study procedure was ex-
plained. If the patient accepted, a written informed consent
was signed before the start of the study. Before the begin-
ning of the study, all investigators were trained regarding
screening and recruiting methods. The study protocol for
the parent study [11] is available upon request.

Ethics statement

The ethics committee of canton Vaud (www.cer-vd.ch) ap-
proved the study (ref. 2017-01907, decision of 21 De-
cember 2017). The full decision of the CER-VD can be
obtained from the authors upon request. The study was per-
formed in agreement with the Helsinki declaration and its
later amendments, and in accordance with the applicable
Swiss legislation. All participants or their legal represen-
tatives (in the case of confusion or dementia) provided a
signed informed consent before entering the study. If a par-
ticipant decided to withdraw from the study, data collected
until the moment of withdrawal was used as agreed upon
in the consent.

Measurement of step parameters

Physical activity and step count were assessed using a
wrist accelerometer (GENEActiv Original, ActivInsights
Ltd, UK), parametrised at 50 Hz sampling rate. These ac-
celerometers provide a reliable and valid measurement of
physical activity in adults [24] and were proven to be
equivalent to similar devices [25, 26]. The devices were
provided to the patients immediately after inclusion and
patients could choose on which wrist they preferred to
wear the device. Previous studies have shown that wrist

choice does not influence results [27]. Patients were asked
to wear the device continuously (day and night, including
showering). The observation period was limited to the in-
dex hospitalisation in internal medicine. At discharge or
transfer to another department (e.g., intensive care, surgery
unit), the accelerometer was removed by a nurse or one
of the investigators. Data regarding the physical activity of
the patients has previously been published by our research
group [6, 11].

Data was extracted and analysed using MATLAB (Math-
Works, USA). A valid day was defined as at least 10 hours
of daytime wear, and at least 24 hours of valid data were
required for analysis [28]. Non-wearing was identified us-
ing a non-wearing detection algorithm on the raw acceler-
ation data [29]. The algorithms used for detection of walk-
ing bouts and extraction of related parameters (number of
steps, cadence) have been technically validated in previous
studies [30–32]. Daily number of steps (mean, standard de-
viation [SD], min, max) for each patient was estimated as
the sum of steps during daily walking bouts. Walking bouts
were defined as periods of movement of the patient >10
seconds (s), and then categorised in three groups (<30 s,
30–120 s, and >120 s). The cadence was estimated using a
frequency-based approach [31].

Algorithms for step parameter extraction

Walking bout detection has been previously described [32].
In brief, the wrist-recorded acceleration signal was first en-
hanced using appropriate signal processing tools, and sev-
eral biomechanically meaningful features (defined based
on intensity, periodicity, posture and noisiness) were ex-
tracted. The features were then fed into a classification pro-
cedure consisting of a Bayes classifier followed by two
smart post-classification blocks. A median sensitivity,
specificity, accuracy,and precision, 90.2, 97.2, 96.6 and
80.0 were found (values in %, the highest possible value
100 corresponds to full agreement between the validated
algorithm and the ground truth).

The instantaneous cadence (i.e., cadence per second) was
estimated using a frequency-based approach, based on a
spectral analysis of the acceleration signal during the de-
tected walking bouts. Then, the cadence of each walking
bout was obtained as the average of instantaneous cadence
[30, 31]. According to the biomechanical definition, the
walking bout cadence was defined as:

cad [steps/min] = number of steps / duration walking bout
[min]

From this definition, the number of steps during each walk-
ing bout was estimated as

cad [steps/min] × duration walking bout [min]

Daily number of steps was estimated as the sum of steps
during daily walking bouts. The various statistical metrics
characterising walking bout duration and cadence were de-
rived from distribution of all walking bouts detected dur-
ing the monitoring period.

These analyses were performed using MATLAB (Version
R2020a, MathWorks, USA).
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Covariates

Covariates were extracted from the hospital electronic
health records. These included demographics and comor-
bidities in the form of the Charlson index score [33]. At
admission investigators recorded self-reported autonomy
(physical function) for the 2 weeks before admission, risk
of sores using the Braden score, use of walking aids, med-
ical equipment at inclusion (i.e., urinary catheter or oxygen
therapy), and isolation precautions. Walking aids were de-
fined as the use of a cane, a walker, or both. Living situa-
tion at admission was defined as the patient lived at home
with his/her spouse/partner/family (cohabitation), alone, or
in a nursing home.

Autonomy was prospectively assessed twice (at admission
and at discharge) using the modified Barthel index in a
face-to-face interview. The Barthel index score has been
reported as being the best scale to assess activities of daily
living [34]. It has widespread use, and the modified version
[34], which consists of five key questions, has been proven
to increase [35] the internal consistency and provide better
discrimination of functional ability. For patients with de-
mentia or confusion, the level of autonomy before the hos-
pitalisation was assessed by interviewing their relatives or
caregivers, in face-to-face interviews or by telephone call.
The patient’s autonomy in performing different activities
of daily living was rated as follows: fully independent,
with minimal or moderate help, attempts task but unsafe
or unable to perform. Maximum score of the Barthel in-
dex was 100. A score of 0–20 suggests complete, 21–60
severe, 61–90 moderate and 91–99 slight dependence. A
score of 100 indicates that the patient is fully independent
of assistance from others. Hospital-acquired functional de-
cline was defined as a ≥5-point decrease/worsening in the
Barthel index at discharge [18, 36]. This decrease is equiv-
alent to full dependency in at least one of 10 activities of
daily living.

Skin status and risk of bedsores were assessed using the
Braden score at inclusion and at discharge [37]. The
Braden scale rates patients on six sub-scales: sensory per-
ception, moisture, activity, mobility, nutrition, and friction
and shear. The maximum score is 23; a score ≤18 is indica-
tive of high risk of sore development.

The main outcomes of this study were the Barthel index at
discharge, the presence of functional decline, the Braden
score at discharge, and the destination of the patient at the
end of its stay (home, nursing home, rehabilitation clinic,
other hospital ward).

Statistical analysis

Statistical analysis was conducted using the R environment
version 4.0.5 [38] and Stata v15.1 (Stata Corp, College
Station, TX, USA). Results are expressed as number of
patients and (percentage) for categorical variables, and as
average (standard deviation, SD) or as median (interquar-
tile range) for continuous variables. Between-group com-
parisons were performed using chi-square or Fisher's exact
test for categorical variables and analysis of variance or
Wilcoxon or Kruskal-Wallis nonparametric tests for con-
tinuous variables. Statistical significance was assessed for
a two-sided test with a p-value <0.05.

Due to the lack of consent to access the medical files of
non-participants, it was not possible to compare the charac-
teristics between the non-participants and the participants.

As this was a pilot study stemming from a previously pub-
lished one [11], no specific sample size was calculated. In
the previous study, a sample size of 200 patients allowed a
precision of ±1% for most percentage estimates. The cur-
rent total sample size should allow detection of absolute
differences in functional decline of 19%, which is lower
than the values reported in the literature (37% and 23%, re-
spectively) [4, 5].

Results

Of the 211 consenting patients aged ≥65 years, 187 met
the inclusion criteria for the study and had step parameters
available for analysis (supplementary fig. S1 in the appen-
dix). Patients were aged on average 81.6 years (SD 8.5),
had on average a Charlson comorbidity index of 4.0 (SD
2.7), and a median Barthel index of 96 (IQR 85–100) at ad-
mission. Half were using walking aids at admission and a
minority (7%) was living in a nursing home.

Steps parameters

Overall, patients wore the wrist accelerometer for a mean
of 3.6 days (SD 3.2). Their median number of steps was
603 (IQR 456–809). We categorised the patients into two
groups around the median (≥600 and <600 steps). Older
patients were less likely to walk ≥600 steps per day (p =
0.050, table 1). Other baseline characteristics did not differ
between patients walking ≥600 and <600 steps. The living
situation was unknown for two participants.

There was a significant difference in the median number of
steps depending on the destination at discharge (returning
home, home with nursing, nursing home, rehabilitation, or
other ward; p = 0.046, table 2).

Thirty-one patients (17%) walked more than 1000 steps
per day (fig. 1).

Step count per day was not distributed normally (fig. 2).

Characteristics of patients walking >1000 steps per day are
shown in supplementary table S1 (appendix). Their mean
age was 81.4 years (SD 8.1) and they had a median Barthel
index of 98 (IQR 91–100) at admission. Of these, 17 (55%)
had a walking aid and 22 (71%) received a prescription of
physiotherapy.

Cadence and walking bouts

Patients walked at a median cadence of 100 steps/minute
(IQR 99–101), and median walking bouts lasting 33 s (IQR
27–37]. Patients had 70% of their walking bouts lasting
<30 s, 27% lasting between 30 s and 120 s, and 3% lasting
120 s or more (table 1). Patients walking more than 1000
steps per day had 71% of their walking bouts lasting <30 s,
26% lasting between 30 s and 120 s, and 3% lasting 120 s
or more. These patients had a median cadence of 101 steps/
minute (IQR 100–102), and median walking bouts of 33
seconds (IQR 27–35).

The cadence differed significantly between patients walk-
ing ≥600 vs <600 steps per day (p = 0.004). Duration of
walking bouts were similar between patients walking ≥600
and <600 steps.
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Table 1:
Baseline characteristics of the study sample, stratified by the median number of steps.

Overall n = 187 <600 steps n = 93 ≥600 steps n = 94 p-value

Daily steps, median (IQR) 603 (456–809) – – –

Daily steps, mean (SD) 722 (511) – – –

Cadence (steps/minute), median (IQR) 100.00 (99.00–101.00) 100.00 (98.00–101.00) 101.00 (99.00–102.00) 0.004

Walking bout duration (seconds), median (IQR) 33.00 (27.00–37.00) 33.00 (27.00–38.00) 33.00 (27.25–36.00) 0.598

Age (years), mean (SD) 81.56 (8.51) 82.78 (7.92) 80.35 (8.93) 0.050

Female gender, n (%) 76 (40.6) 43 (46.2) 33 (35.1) 0.138

BMI (kg/m2), mean (SD) 24.66 (4.71) 24.88 (4.54) 24.46 (4.88) 0.555

Use of walking aid at admission, n (%) 95 (51.1) 49 (53.3) 46 (48.9) 0.562

Living Situation at admission, n (%) 0.935

– Cohabitation 92 (49.2) 44 (47.3) 48 (51.1)

– Home alone 80 (42.8) 41 (44.1) 39 (41.5)

– Nursing home 13 (7.0) 7 (7.5) 6 (6.4)

Chronic obstructive pulmonary disease, n (%) 55 (29.4) 27 (29.0) 28 (29.8) 1

Coronary heart disease, n (%) 48 (25.7) 24 (25.8) 24 (25.5) 1

Peripheral artery disease, n (%) 22 (11.8) 8 (8.6) 14 (14.9) 0.256

Cancer, n (%) 35 (18.7) 16 (17.2) 19 (20.2) 0.708

Depression, n (%) 29 (15.5) 11 (11.8) 18 (19.1) 0.225

Cognitive impairment, n (%) 51 (27.3) 27 (29.0) 24 (25.5) 0.625

Stroke, n (%) 26 (13.9) 14 (15.1) 12 (12.8) 0.678

Braden score at admission, mean (SD) 17.85 (3.08) 17.86 (3.23) 17.85 (2.93) 0.986

Barthel at admission, median (IQR) 96.00 (85.00–100.00) 93.00 (83.00–98.00) 96.00 (86.50–100.00) 0.216

Barthel at admission, mean (SD)* 89 (16) 88 (15) 89 (17) 0.604

Charlson, mean (SD) 4.02 (2.68) 3.96 (2.60) 4.09 (2.78) 0.745

BMI: body mass index; IQR: interquartile range; SD: standard deviation

* 121/187 patients had a Barthel index score at admission of ≥90 and 10 outliers / 187 had a Barthel of ≤50, therefore we used the median and not the mean in the results.

Missing variables: eight participants had a missing Braden score at inclusion. The living situation was unknown for two participants.

Braden score estimates the risk of bedsores and a Braden score ≤18 represents a high risk of sores

Barthel (modified Barthel index) estimates the functional ability (level of autonomy) from 1 to 100, with 100 representing full functional ability.

Charlson is a weighted index representing the risk of death, based on a series of comorbidities. The higher the score, the higher the risk of death or of medical resources use.

Table 2:
Hospital-related factors and discharge characteristics of the study sample, stratified by the median number of steps.

Overall n = 187 <600 steps n = 93 ≥600 steps n = 94 p-value

Prescription of physiotherapy, n (%) 116 (62.4) 55 (59.8) 61 (64.9) 0.545

Total time of physiotherapy (minutes), mean (SD) 43.0 (58.3) 36.8 (54.4) 49.2 (61.6) 0.149

Oxygen therapy during hospital stay, n (%) 22 (11.8) 14 (15.1) 8 (8.5) 0.181

Urinary catheter during hospital stay, n (%) 21 (11.2) 13 (14.0) 8 (8.5) 0.256

Braden score at discharge, mean (SD) 17.83 (2.92) 17.73 (2.83) 17.91 (3.02) 0.693

Braden score <18, n (%) 58 (37.2) 31 (41.9) 27 (32.9) 0.320

Destination at discharge, n (%) 0.154

– Home 60 (32.1) 30 (32.3) 30 (31.9)

– Home with nursing care 31 (16.6) 15 (16.1) 16 (17.0)

– Nursing home 22 (11.8) 13 (14.0) 9 (9.6)

– Other acute care hospital 2 (1.1) 2 (2.2) 0 (0.0)

– Rehabilitation 55 (29.4) 21 (22.6) 34 (36.2)

– Transferred to another ward 15 (8.0) 10 (10.8) 5 (5.3)

– Deceased 2 (1.1) 2 (2.2) 0 (0.0)

Barthel at discharge, median (IQR] 92.00 (70.50–99.50) 92.00 (69.00–98.00) 93.00 (71.50–100.00) 0.503

Barthel at discharge, mean (SD)* 80 (25) 79 (26) 81 (24) 0.660

Functional decline, n (%) 70 (37.4) 38 (40.9) 32 (34.0) 0.367

Length of stay (days), mean (SD) 7.0(4.68) 6.1 (4.11) 7.8 (5.07) 0.011

IQR: interquartile range; SD: standard deviation

* 100/187 patients had a Barthel index score at admission ≥90 and 26 outliers / 187 had a Barthel index of ≤50, therefore we will use the median and not the mean in the results.

Missing variables: 31 participants had a missing Braden score at inclusion.

Functional decline defined as ≥5-point decrease in the Barthel index at discharge.

Braden score estimates the risk of bedsores and a Braden score: ≤18 represents a high risk of sores

Barthel (modified Barthel index) estimates the functional ability (level of autonomy) from 1 to 100, with 100 representing full functional ability.

Charlson is a weighted index representing the risk of death, based on a series of comorbidities. The higher the score, the higher the risk of death or of medical resources use.
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Hospital-related factors and discharge characteristics of
the study sample, stratified by the median number of steps

The majority of patients had a prescription of physiother-
apy during their hospital stay, and 37% had a functional
decline at discharge. Patients with a prescription of phys-
iotherapy tended to walk more (614 vs 580 steps per day,

p = 0.39) than patients without physiotherapy, but without
reaching statistical significance. Functional decline was
not associated with a significantly lower number of steps
per day (table 3).

Thirty percent of the patients were transferred to rehabil-
itation, 49% were discharged home and 12% were insti-

Figure 1: Frequency of mean step per day, stratified by age group.

Figure 2: Q-Q plot of steps per day.
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tutionalised, of which 5% were a new institutionalization.
Patients transferred to rehabilitation facilities walked the
most, with a median of 651 steps, compared with patients
discharged home (median 601) or to a nursing home (me-
dian 506).

Overall the Braden score did not decrease during the hos-
pital stay (17.83, SD 2.92 at discharge vs 17.85, SD 3.08
at admission). The mean Braden score at discharge did
not differ significantly between patients walking <600 or
≥600 steps. However, patients with a Braden score of <18
walked less (median steps per day 564 vs 626, p = 0.042)
compared with patients with a lower risk of bed sores.
Eight participants had a missing Braden score at inclusion,
and 31 at discharge.

The average length of hospital stay was 7.0 (SD 4.7) days.
Surprisingly, patients walking ≥600 steps had longer
length of stay (6.1 vs 7.8, p = 0.011). Daily step count and
length of stay were positively associated (Spearman rank
correlation0.190, p = 0.009). A significant difference (p =
0.024) of 96 steps was found when we dichotomised the
length of stay over 7 days (table 3).

Discussion

Our results show that elderly hospitalised patients walked
a mere 603 steps daily, at a cadence of 100 steps/minute
with walking bouts of 33 s. The majority of patients per-
formed walking bouts lasting less than 30 s. We found that
patients walking ≥600 steps per day were 2 years younger
and stayed almost 2 days longer than those walking <600
daily steps. Furthermore, patients at low risk of sores at
discharge walked 10% more steps than those at higher risk
of sores. We did not find other hospitalisation-related fac-
tors associated to the number of steps per day.

Steps parameters of elderly hospitalised patients

In our cohort of elderly patients hospitalised in a medical
ward for an acute illness, the median step count was 603
steps, which is in accordance with the literature [15, 16,
39]. However, comparison of step parameters of elderly
patients hospitalised in internal medicine is limited, since
most observational studies examining possible associa-
tions between the number of steps and patient characteris-
tics or outcomes have been conducted in the general, non-

hospitalised population [40], a few in patients hospitalised
for surgery [41] and none in the Swiss healthcare system.

The most mobile patients have more physiotherapy
prescriptions

One in six patients walked more than 1000 steps per day
during their hospitalisation. These patients were fully au-
tonomous at admission, and nearly three quarters of them
had a prescription for physiotherapy. As autonomy is cor-
related with step count [18] and physiotherapy increases
the amount of physical exercise, this may explain the re-
sultant high step count. However, why the most mobile pa-
tients have more physiotherapy remains questionable. As
previously described, overuse of physiotherapy in patients
who would not benefit from it could be an explanation
[42].

Higher daily steps are associated with a higher ca-
dence

We report here for the first time the average cadence of el-
derly patients hospitalised in internal medicine for an acute
illness, as the measurement of steps during a minute during
normal mobilisation was mostly conducted in the general,
community-dwelling population. In our study sample, we
found that patients with a higher number of daily steps also
had a higher cadence. When observed in the normal envi-
ronment, mean cadences of older people range between 97
and 105 steps/minute [43–45], which is in accordance with
our findings, i.e., 100–101 steps/minute.

We could not assess whether walking bouts of 33 s and the
fact that a majority of walking bouts lasted less than 30
s were in accordance with the literature, since we did not
find previous publications including measurement of bouts
duration in hospitalised patients. However, we expect these
values not to be fully reflective of the walking capacity of
our study population. Since hospitalised patients are geo-
graphically limited and are not accustomed to the environ-
ment, their walking duration may be “artificially” short-
ened.

Among patients walking >1000 steps per day, the cadence,
the number of steps in a walking bout, and the time spent
walking during each bout were comparable to those found
in patients walking less, and we therefore suspect that these

Table 3:
Median steps per day for a selection of hospital-related factors and discharge characteristics of the study sample.

n Median IQR p-value

Prescription of physiotherapy Yes 116 614 458–846 0.393

No 70 580 458772

Length of stay <7 days 105 558 433744 0.024

≥7 days 82 654 486954

Braden score at discharge <18 58 564 394812 0.042

≥18 98 626 526840

Functional decline No 117 617 480807 0.134

Yes 70 575 400806

Destination Home 60 601 498732 0.046

Home with nursing 31 618 468920

Nursing Home 22 506 409784

Rehabilitation 55 651 512966

Other ward 15 441 322738

We used Wilcoxon tests for prescription of physiotherapy, length of hospital stay, Braden score at discharge and functional decline, and Kruskall-Wallis for destination.
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“extreme” walkers had more walking events than their
peers.

Hospital-related factors and discharge characteristics

Functional decline is not associated with a lower step
count

Functional decline was not associated with a significantly
lower number of steps per day. Our results do not replicate
the findings of two Israeli studies [8, 18] that assessed mo-
bility in elderly patients admitted to a medical unit using a
self-reported questionnaire or accelerometry. Possible ex-
planations include a higher level of independency at ad-
mission in our study (median Barthel index of 96, IQR
85–100 compared with 78–85) and different methods of
measuring patients’ mobility (total number of steps per day
using different algorithms vs self-reported mobility levels).
The higher Barthel index in our Swiss sample may be as-
sociated with a higher than average number of doctor and
nurses per capita [23], which benefits the overall accessi-
bility and care of the older Swiss population. There are as
yet no studies available to prove this association.

The decline in the Barthel index seems to be inversely re-
lated to the Barthel index at admission, as decline is more
likely to occur when Barthel index values are high (regres-
sion to the mean). We report an overall 37.4% functional
decline at a median Barthel index of 92, close to our col-
leagues in Israel [8] who reported a 46% decline in a sam-
ple with a mean Barthel index of 87. In Italy [46], a 17%
decline was reported in participants with a mean Barthel
index at admission of 59.

Of interest, only 23% of patients walking >1000 steps
had a functional decline versus 37% overall. It remains to
be studied whether increasing the daily number of steps
can reduce functional decline, and what would be the step
count needed to achieve this goal [20].

Moreover, patients walking ≥600 steps per day were not
significantly more independent in activities of daily living
at admission (Barthel index 93 vs 96). The activities of dai-
ly living involve the need of walking approximately 400
steps [47] for their correct execution, thus our results are
congruent with the literature. Indeed, a high level of in-
dependence at admission preclude big variations such as
described by Agmon et al., who reported that hospitalised
patients walking more than 900 steps daily had a Barthel
index 15 points superior to their counterparts [18].

Lower risk of bedsores for active patients

Patients with a lower risk of bedsores walked more than
patients at higher risk. Our findings are in accordance with
a previous publication using raw physical activity mea-
sures (in mG) rather than step counts [6, 11]. This finding
is also in accordance with that of a previous retrospective
Portuguese study, in which low patient mobilisation was
associated with risk of sores independently of the total
Braden score [48]. However, the mean Braden score at dis-
charge did not differ significantly between patients walk-
ing ≥600 and <600 steps. Indeed, the Braden scale includes
a four-point mobility variable (one point for completely
immobile, four for no mobility limitations); however pa-
tients able to walk and take any step will not be rated

as completely immobile, it was therefore not surprising to
find no difference between groups.

Longer length of stay with more physiotherapy and daily
steps

Patients having a longer hospital stay walked more than
those with an earlier discharge. Indeed, patients walking
<600 steps stayed for 6 days, patients walking ≥600 steps
stayed for 8 and patients walking >1000 steps stayed for
9 days at the hospital. This finding is contradictory to the
available literature, as patients walking the most stayed the
shortest time in the hospital [49, 50]. Furthermore, and in
accordance with our findings, it was reported that the num-
ber of steps taken increases with each day of hospitalisa-
tion [20, 51], increasing the overall average.

Patients discharged to a rehabilitation facility, most re-
ceiving a prescription of physiotherapy during their hospi-
tal stay, walked more than patients discharged home. This
is in agreement with previous findings, as meta-analyses
[52, 53] regarding mobility programmes showed an in-
crease in the physical activity and step count in patients
having physiotherapy sessions during their hospital stay.
The mobility programmes varied, ranging from simple re-
minders in the patient’s room and patient education [54],
daily 20-minute mobility exercises [55] to grouped high-
intensity functional exercises [56]. Overall, most protocols
achieved an increase in daily step count with various de-
grees of success and resources. As the associations be-
tween the patient outcomes and the physical activity or
step count varied greatly between studies, the impact of
enhanced physiotherapy, before transfer to a rehabilitation
center, remains uncertain.

Recommendations for clinical practice and future
studies

Our results provide reliable step counts for the study of a
wide variety of clinical characteristics and hospital-relat-
ed factors. Our approach also included cadence and walk-
ing bout duration for a hospitalised sample of elderly pa-
tients with acute illness. As patients walking >1000 steps
per day had less often a functional decline and a lower risk
of bedsores, an interventional trial aiming at reaching 1000
steps would discern if the patients receiving the interven-
tion would have better outcomes. While 1000 steps may be
useful as a target to achieve, efforts should be made to mo-
tivate patients to walk as much as they can. This may prove
useful to find a reliable threshold to see a significant de-
crease in functional decline and improve the patients’ well-
being with an even lower risk of bedsores. Since normal
activities of daily living in the general population suffering
from a chronic disease are believed to account for approx-
imately 400 steps [47], the challenge would be in finding
a protocol that would allow a patient to consistently walk
at least a supplementary 600 steps each day. Thus, future
studies should try to assess the minimum number of steps
needed to decrease increased in-hospital morbidity and/or
length of stay in elderly hospitalised patients. Important
hospital resources may not be required, as a study in Israel
[18] had more than 58% of patients walking more than 900
steps per day, while having an inferior nurse-to-bed ratio
(1.01) [23] than other developed countries.
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Assessment of step parameters using accelerometry re-
quires specific equipment and software and step count ex-
traction algorithms as well as adequate information tech-
nology knowledge to extract, process and interpret the
results. This approach allows a comprehensive assessment
of physical activity behaviour, by extracting a variety of
walking-related parameters, not only the amount/volume
(step count) but also the manner in which walking is per-
formed in terms of bout duration and intensity (cadence).
Accelerometers are also more expensive than pedometers,
which might limit their use where resources are scarce.

Conversely, pedometers allow an immediate reading of the
data and are easier to use in a general hospital setting.
Hence, to increase participants’ compliance and facilitate
data collection in non-academic hospitals, pedometers
should be preferred [26]. Indeed, a pedometer with a step
count visible to the patient and his family or care providers
may provide additional incentive to achieve a goal of 1000
steps per day during a hospitalization.

Other strategies to improve patients’ mobility without in-
volvement of doctors or nurses may include inexpensive
printed reminders in the patients’ room and on doors to
regularly walk [54], clear objectives written on a white-
board with a daily goal (for example, if the wards’ corridor
is 200 steps long, to do it at least five times), or general rec-
ommendations for the daily hospital activities (make tele-
phone calls in the patients’ cafeteria 500 steps away in-
stead of in the room, eat the dessert on a bench outside
if the weather and physical conditions permit, etc.). The
hospital staff can quickly and effortlessly propose and im-
plement these strategies without requiring additional re-
sources.

Strengths and limitations

The strengths of this study are its relatively large sample
size, the broad inclusion criteria (e.g., inclusion of patients
with cognitive decline or use of walking aids), and the use
of a validated accelerometer and algorithms to assess the
daily step parameters. When resources allow, use of ac-
celerometers to monitor patient mobility have been shown
to be superior to pedometers for comprehensive and re-
peatable data collection [13]. Furthermore, patients using
walking aids [5] are often excluded from mobilisation
studies [15, 16, 19], which limits the generalisability of the
results. Half of our patients required the use of walking
aids before or during the hospital stay, which is in accor-
dance with and representative of an older medical sample
of inpatients: estimates from the literature range from 29%
in community-dwellers [57, 58] up to 73% in a study of
older Danish inpatients [59]. Conversely, this study also
presents some limitations. First, the use of walking aids
was not prospectively monitored during the hospital stay,
thus possibly assigning some patients who did not use their
auxiliary tools every day into the walking aid group at
admission. As the literature suggests that hospitalised pa-
tients with walking aids walk less than their peers [5, 6],
we can hypothesise that some patients were wrongly as-
signed to the walking aids category, artificially lowering
the average difference in step counts between groups. Sec-
ond, a risk of bedsores was used instead of objectively
diagnosed bedsores, because bedsores in our division are
very rare due to standard preventive measures. Had the

number of bedsores been used, the group of interest would
have been very small, thus reducing statistical power.
Third, other step parameters such as walking speed could
not be calculated, as data needed for its calculation (e.g.,
height) was not collected during the initial survey. Finally,
the group of patients walking >1000 step per day was too
small (n = 31) to perform valid between-groups compar-
isons.

Furthermore, reverse causality has not been assessed re-
garding the patient’s outcomes. For example, although old-
er patients have an increased risk of pressure ulcers if
they are not mobilised regularly, we cannot exclude the
possibility that those patients with pressure ulcers already
formed will walk fewer steps per day due to the pain of
the ulcers. Moreover, patients with a rehabilitation project
stay longer at the hospital as rehabilitation facilities have
a short supply of beds, and a waiting list of two or three
days is common. These patients may receive additional re-
sources in the form of enhanced physiotherapy during the
waiting period, thus increasing the number of daily steps.

Conclusions

During a hospitalisation for an acute internal medicine ill-
ness in a Swiss University hospital, elderly inpatients walk
603 steps daily and most of the time for periods <30 sec-
onds. Cadence is higher in patients walking the most. Pa-
tients walking ≥600 steps are younger and have longer
hospital stays, while patients with a low risk of bed sores
walked 10% more than those at a higher risk. These details
about step parameters could be useful for future interven-
tion trials or to set mobility goals for elderly patients hos-
pitalized for acute illnesses in Swiss hospitals.
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Figure S1: Selection procedures for the study population.

Appendix: Supplementary material Table S1:
Characteristics of patients walking more than 1000 steps per day (n =
31).

Daily steps, median (IQR ) 1489 (1284–1793)

Daily steps, mean (SD) 1644 (578)

Cadence median (IQR ) 101.00
(100.50–102.00)

Walking bout duration, median (IQR ) 33.00
(27.00–35.00)

Age, mean (SD) 81.35 (8.07)

Female, n (%) 7 (22.6)

BMI (kg/m2), mean (SD) 25.24 (4.59)

Use of walking aids at admission, n (%) 17 (54.8)

Living situation at admis-
sion, n (%)

Cohabitation 17 (54.8)

Home alone 13 (41.9)

Nursing home 0 (0.0)

Chronic obstructive pulmonary disease, n (%) 9 (29.0)

Coronary heart disease, n (%) 8 (25.8)

Peripheral artery disease, n (%) 5 (16.1)

Cancer, n (%) 7 (22.6)

Depression, n (%) 10 (32.3)

Oxygen therapy, n (%) 2 (6.5)

Urinary catheter, n (%) 2 (6.5)

Cognitive impairment, n (%) 7 (22.6)

Stroke, n (%) 5 (16.1)

Braden score at admission, mean (SD) 18.39 (3.40)

Barthel at admission, median (IQR ) 98.00
(91.00–100.00)

Barthel at admission, mean (SD) 93 (13)

Charlson, mean (SD) 4.65 (3.02)

Prescription of physiotherapy, n (%) 22 (71.0)

Total time of physiotherapy (minutes), mean
(SD)

84.5 (69.9)

Braden score at discharge, mean (SD) 18.50 (2.03)

Braden score <18 at discharge, n (%) 7 (25)

Destination at discharge, n
(%)

Home 7 (22.6)

Home with nursing
care

7 (22.6)

Nursing home 1 (3.2)

Rehabilitation 13 (41.9)

Transfer to other
ward

3 (9.7)

Deceased 0 (0.0)

Barthel at discharge, median (IQR ) 95.00
(81.50–100.00)

Barthel at discharge, mean (SD) 87 (19)

Functional decline, n (%) 7 (22.6)

Length of stay (days), mean (SD) 9.35 (7.19)

BMI: body mass index; IQR: interquartile range; SD: standard deviation
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Figure S2: Step characteristics across main patient categories and outcomes.
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