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Variations in physical activity and sedentary

behavior during and after hospitalization
in acutely admitted older medical patients:
a longitudinal study
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Abstract

Background: Inactivity is frequent among older patients during hospitalization. It is unknown how patients’ daily
activity pattern (diurnal profile) vary between hospitalization and after discharge. This study aims to describe and
compare the distribution of physical activity and sedentary behavior in acutely hospitalized older patients during
hospitalization and after discharge.

Methods: We included data on 80 patients (+65 years) admitted with acute medical illness from the STAND-Cph
trial. Physical activity and sedentary behavior were measured as daily number of steps, uptime (walking/standing) and
sedentary behavior (lying/sitting) with an activity monitor (activPAL3, PAL Technologies Ltd). The patients wore the
monitor for three periods of one week: during hospitalization, after discharge, and four weeks after discharge.

Results: The patients'median age was 80 years [IQR: 75,88], 68% were female and the median De Morton Mobility
Index (DEMM)I) was 57 [IQR: 48;67]. The daily median uptime was 1.7 h [IQR: 1;2.8] during hospitalization, 4.0 h [IQR:
2.7,5.4] after discharge and 4.0 h [IQR: 2.8;5.8] four weeks after discharge. The daily median number of steps was 728
[IQR: 176;2089], 2207 [IQR: 1433;3148], and 2622 [IQR: 1714;3865], respectively, and median daily sedentary behavior
was 214 h (IOR: 20.7,22.4),19.5 h (IQR: 18.1;21.0) and 19.6 h (IQR: 18.0,20.8), respectively. During hospitalization, a small
activity peak was observed between 9-11 AM without any notable variation after. At discharge and four weeks after
discharge, a peak in physical activity was seen between 9-12 AM and at 5 PM.

Conclusion: Older hospitalized patients spend most of their time being sedentary with their highest activity
between 9-11 AM. Daily activity doubles after discharge with one extra peak in the afternoon. Daily routines might be
disrupted, and older patients have the potential to be more physically active during hospitalization. Interventions that
encourage physical activity during hospitalization are warranted.
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Introduction

Lack of physical activity among patients aged 65 years

or older is linked to several adverse health outcomes [1],

such as chronic conditions, cardiovascular disease, dia-
*Cormrespondence: Bakerjawad@regionh dk betes [2], dementia [3], poor quality of life [4], cancer [2],
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rapidly [10]. Similarly, hospitalization rates are expected
to continue to increase [11, 12]. For instance, in 2018,
persons aged 65 years and older accounted for more
than 40% of Denmark’s acute hospitalizations [13]. The
increasing demand for healthcare in this segment of the
population is a global phenomenon [12]. Consequently,
attention is increasingly being given to factors contrib-
uting to more effective interventions and care for older
(65+) patients during illness [14—17]. However, hospitali-
zation is reported as an independent risk factor for loss
of the ability to walk [18], loss of independence [19, 20],
and functional decline after discharge, potentially leading
to a higher level of sedentary behavior [18, 20, 21]. Mul-
tiple studies have assessed physical activity and sedentary
behavior among older hospitalized patients [22] and have
shown that older adults, including those who are able
to walk independently [23-26], are inactive during the
entire hospitalization period. The mean uptime (standing
or walking) is reported to be 70 min. per day [22]. Also,
a larger prospective study by Zisberg et al. 2007 [27] ,
assessing the effect of hospitalization-care processes in
330 hospitalized older adults age 70+, found clear dis-
ruptions to the self-reported frequency, duration, and
timing of patients’ basic daily routines during hospitali-
zation compared to pre-hospitalization. Preservation of
basic daily routines is highly important, and promotes
functional status, quality of sleep, and wellbeing [28—35].
Interestingly, Monk et al, assessed the lifestyle regular-
ity in 100 healthy subjects with a mean age 31, and 104
seniors with mean age 79 years, found that irregulari-
ties in routines were linked to adverse outcomes such as
depression, poor sleep quality and unhealthy aging [36,
37]. However, during hospitalization a hospital depart-
ment’s routines may conflict with older patients’ routines.
Therefore, an objective evaluation of the impact of hospi-
talization on patients’ activity patterns is needed. To the
best of our knowledge, there are no previous longitudi-
nal studies investigating physical activity and sedentary
behavior with repeated objective measurement, focus-
ing on pattern variation during hospitalization and after
discharge. Hence, the aim of this study was to assess and
compare daily and hourly patterns in step count, time
spent in uptime and sedentary behavior during hospi-
talization and after discharge in a group of older patients
(465) using accelerometers.

Methods

Design and patients

This study is based on data from the randomized, con-
trolled STAND-Cph trial, which recruited patients from
September 2013 to September 2018 at Copenhagen Uni-
versity Hospital Hvidovre in Denmark and in the patients’
own homes. A full trial protocol is available with open
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access [38]. Briefly, the primary aim of the STAND-Cph
trial was to investigate the effect of supervised, progres-
sive strength training and post-training protein supple-
mentation during and after hospitalization on mobility
in older patients (> 65 years) admitted with acute medi-
cal illness. All included patients were home dwelling and
were excluded on the following criteria: terminal illness;
in treatment for diagnosed cancer; diagnosis of Chronic
Obstructive Pulmonary Disease (COPD) and partici-
pation in a COPD rehabilitation program; inability to
speak or understand Danish; inability to cooperate in
tests/exercises; transfer to the intensive care unit; isola-
tion-room stay; expected hospitalization lasting < 24 h;
or inability to stand [38]. The patients were randomized
to either the control group or the intervention group.
This study involved patients allocated to the control
group, who received routine care during hospitalization
and following discharge [38]. The STAND-cph trail has
been approved by the Ethics Committee of the Capital
Region of Denmark (H-2-2012-115) and by the Danish
Data Protection Agency (2007-58-0015). All participants
gave written informed consent before participation, and
the study was conducted in line with the Declaration of
Helsinki.

Assessment of physical activity

Physical activity in the form of hourly number of steps
taken, time spent standing, walking, and sitting/lying
(sedentary behavior) was assessed with an activity moni-
tor (activPAL3"™, PAL Technologies Ltd., Glasgow, UK).
The patients were asked to wear the monitor at three
time points: from the time of inclusion until discharge,
for one week immediately after discharge, and for one
week 4 weeks after discharge. An investigator attached
the activPAL3"™ to the patient’s right thigh halfway
between the spina iliaca anterior superior and the patella.
For the attachments and detachments after discharge, an
investigator visited the patients in their own homes. The
monitor was covered in Tegaderm'" transparent water-
proof film (3 M, Maplewood, MN, USA) and attached to
the patient by a PALstickie" (dual-layer hydrogel adhe-
sive pad). Hereafter, the activPAL3" was covered by
Leukomed® T transparent film (BNS medical, Hamburg,
Germany) to enable the patients to wear the monitor
while showering. The activPAL3™ was programmed to
record continuously for 7 days at 20 Hz. Recording was
started shortly before attachment to the patient and the
start time and date were noted in a data log along with
the time and date of attachment, non-wearing (reported
by patient or clinical staff), and detachment of the moni-
tor. After detachment, data were downloaded to a com-
puter using the activPAL3"" Professional software version
7.2.32. We regarded a day to extend from 12:00 A.M.
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until 12:00 A.M. to optimize the number of full days
with 24 h of measurement and to avoid half-day meas-
urements, as patients were usually enrolled in the study
in the morning. This was in accordance with a previous
observational study prior to this randomized clinical trial
[24]. To avoid the inclusion of distorted days in the anal-
ysis, only patient-days with more than 20 h of measure-
ments were included [38]. Also, in the analysis we only
included the first 6 days of hospitalization because very
few patients were hospitalized for more than 6 days.

ActivPal3™ has been shown to be valid and reliable for
measuring posture and purposeful walking in both young
people and older adults [39, 40]. However, the moni-
tor has limited reliability for measuring not purposeful
walking and small steps movement. Validation of the first
generation monitor ActivPAL reported less reliable data
on walking speed of 0.45 m/s or lower [41, 42], which is
likely the case for the ActivPal3™ as well since there is a
good agreement between the first and second generation
of monitors [43]. In a previous study from our hospital in
317 older medical patients, 46% walked at a speed below
0.67 m/s, and 34% at a speed below 0.56 m/s [44]. There-
fore, as stated in our protocol paper [38], to account for
possible inability of the monitor to distinguish between
standing and walking at slow walking speed, time spent
in walking and standing were combined into one cat-
egory, uptime [45].

Assessment of patient characteristics

After inclusion, baseline assessments were performed
by an investigator. At discharge and four weeks after, the
patients were reassessed in their own homes. The follow-
ing descriptive variables were collected on admission:
age, sex, weight (BMI), living status (marital status, type
of residence, and living alone), co-morbidities, admission
diagnose, history of smoking, use of ambulatory aids, use
of municipal assistance and length of stay. The following
were assessed at all assessments: Mobility by the New
Mobility Score (NMS) (recall of mobility 2 weeks before
admission and on the day of admission) [46] and the De
Morton Mobility Index (DEMMI). The NMS is a self-
report assessment of a person’s ability to perform indoor
walking, outdoor walking and shopping and the level of
assistance needed with a composite score of 0-9. The
DEMMI is a valid and reliable mobility tool assessing bed
mobility, chair mobility, static and dynamic balance, and
walking [47-50]. The DEMMI is scored from 0 to 100
points with 100 points reflecting a high level of mobil-
ity and a score below 62 is considered limited mobility
[51]; Activities of Daily Living (ADL) by the Bartel Index
20, which is scored between 0 and 20 with 20 reflecting
no disability in ADL [52]; habitual gait speed (m/s) on
a 4-m course [53]; cognitive impairment by the Short
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Orientation-Memory-Concentration test (OMC) [54],
and habitual physical activity by a four-level self-reported
questionnaire [55, 56].

Data management and analysis

The collected data were double entered into Epidata Entry
3.1 by the first and last author and two assistants. Data
from the activPAL3" monitors were downloaded using
activPAL™ Professional software version 7.2.32. The 15s
Epoch files were used for analyses and were transferred
to SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary,
NC, USA) and merged with data log information on wear
time to assure that only wear time was included in the
analyses. Data on time spent standing and walking were
combined as time spent upright. From the 15s Epoch
files both data on hourly and daily average were derived.
Normally distributed data are presented as means with
standard deviations and non-normally distributed data
as medians with interquartile ranges. Categorical data are
presented as frequencies with percentages. To determine
changes in uptime (standing/walking), sedentary behav-
ior (time spent lying/sitting) and steps, we used a mixed
model using the SAS procedure PROC MIXED to calcu-
late differences between hospitalization, discharge, and
4 weeks after discharge. When performing the analysis,
we log transformed data for steps since these were only
log-normally distributed. The chi-squared (x2) test and
the Student’s t test were used to determine differences
between patients included in the analysis and those who
dropped out with regards to sex, age and DEMMI-score.

Results

Baseline characteristics

In the STAND-Cph trial, 80 patients were randomized to
the control group and thereby included in this study. The
characteristics of the patients are shown in (Table 1). The
patients” median age was 80.9 years (IQR: 75;88), 68%
were women, 98% were living at home, and 68% were liv-
ing alone. At baseline, the median habitual walking speed
was 0.67 (IQR: 0.48;0.87), the median DEMMI score was
57 (IQR: 48;67), and the median Bartel-20 score was 19
(IQR: 18;20). Thirty-one percent used assistive devices
for walking and 37.5 % received social support services
from the municipality. Prior to hospitalization, 46% of the
patients were active two hours or more of per day based
on self-report. The median length of stay was 4 days
(IQR: 2;6.5), the median prevalence of co-morbidities was
4 (IQR: 3;5), and 41% were admitted to the hospital with
respiratory symptoms.

A total of 28 patients were lost to follow-up between
hospitalization and 4 weeks after discharge. The rea-
sons for missing data were: withdrawal from the study
because of tiredness (n=10), withdrawal of consent (n=7),
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Table 1 Baseline characteristics of patients.

Baseline variables N Overall
Demographic characteristics
Age (median, IQR) 80 80.9 (75;88)
Sex (female, %) 80 55 (68%)
Length of stay (median, IQR) 80 4(2:6.5)
BMI' (median, IQR) 80 26 (22.6;30.1)
Comorbidities (median, IQR)) 80 4 (3;5)
Living alone: (number, %) 80 54 (68%)
Self-reported activity level prior to 80
admission:
<2 hours (N, %) 43 (54%)
2-4 hours (N, %) 26 (33%)
>4 hour (N, %) 11 (13%)
New mobility score (median, IQR)
Fourteen days prior to admission 80 7 (6;9)
Admission 80 6 (4,9)
DEMMI? (median, IQR) 79 57 (48,67)
BARTEL-20 (median, IQR) 79 19 (18;20)
OMC * (median, IQR) 68 23(18;26)
Walking speed m/s (median, IQR) 80 0.67(0.48,0.87)
Smoking: 80 64 (80%)
Smoking (no. yes, %) 13(16.25)
Previous (no. yes, %) 51 (70.8%)
Assistive device (no., %) 80 26 (31%)
Walking stick 21 (26%)
Crutches 5 (6%)
Use of municipal help 80 30 (37.5%)
Personal assistance (no. yes, %) 7 (8.8%)
Food service (no. yes, %) 13 (16.3%)
Cleaning (no. yes, %) 10 (12.5%)
Admission diagnosis 80
Pulmonary 33 (41%)
Cardiovascular 19 (24%)
Neurological 12 (15%)
Other 16 (20%)

Results are expressed as median (interquartile range) for continuous variables and
as number of participants (percentage) for categorical variables. ': Body mass index
(kg/m2). %: De Morton Mobility Index. 3: Orientation-Memory-Concentration test.

readmission with apoplexy (n=5), severe pain (n=3), can-
cer (n=1), abdominal surgery (n=1), and loss of contact
with the subject (n=1). There were no significant baseline
differences in age, sex, Barthel-score or DEMMlI-score
between patients lost to follow-up and patients remaining
in the study.

Variation in steps, uptime and sedentary behavior
measured during hospitalization, after discharge

and after 4 weeks.

Sixty-five patients wore the accelerometer at one or more
assessment timepoints. In total, 48 patients wore the

Page 4 of 10

accelerometer during hospitalization, 49 after discharge,
and 43 patients four weeks after discharge. The distribu-
tion of collected activPAL3 data from the three assess-
ment timepoints is summarized in Supplementary 1.

In total, 21.216 h of patient activity were recoded (5710
h during hospitalization, 8232 h after discharge and
7224 h four weeks after discharge). The median number
of steps taken per day was 728 (IQR: 176;2089) during
hospitalization, 2207 (IQR: 1433;3148) after discharge
and 2622 (IQR:1714;3864) four weeks after discharge.
The median time per day spent in uptime was 1.7h
(IQR:1.0;2.8) during hospitalization, 4.0 h (IQR: 2.7;5.4)
after discharge, and 4.0 h (IQR: 2.8;5.8) four weeks after
discharge. For sedentary behavior the median time per
day was 21.4 h (IQR: 20.7;22.4) during hospitalization,
19.5 h (IQR: 18.1;21.0) after discharge and 19.6 h (IQR:
18.0;20.8) four weeks after discharge. After discharge,
the patients’ number of steps and uptime significantly
increased and sedentary behavior significantly decreased
compared to hospitalization (p<0.0001). the steps num-
ber increased by 204 % [149;271%], the mean uptime
increased with 1.87 h [1.5;2.24] and the mean seden-
tary time decreased with 1.89 h [- 2.28; -1.50]. Overall,
also a significant increase was seen between discharge
and four weeks after discharge (p<0.01). The number of
steps increased by 28 % [10 %; 50 %], uptime increased
with 0.57 h [0.28;0.87], and sedentary time decreased
with 0.48 h [-0.79; -0,67]. When looking at the patients’
DEMMI score, those with limited mobility (DEMMI <
62 had a relatively higher increase in activity between
hospitalization and discharge compared to those with
non-limited mobility (DEMMI > 62) (242 % versus 172
%, Table 2). Also, an increase between discharge and
4 weeks after discharge was only seen in those with a
DEMMI >62 (Table 2).

Hourly variation

The hourly variations in steps and uptime and seden-
tary behavior are presented in Figures 1,2 and 3, respec-
tively. The figures show the activity distribution within
eighteen hours of monitoring (nighttime not included
in the figures). During hospitalization, no notable
variation in steps, uptime and sedentary behavior per
hour was seen after 9 AM apart from a small two-hour
peak in steps and uptime (Figures 1 and 2) and decline
in sedentary time (Figure 3) at 10 - 11 AM. After dis-
charge and 4 weeks after discharge, the patients’ diur-
nal profiles changed and the patients took more steps
at all hours and spent more time in uptime than during
hospitalization with most activity occurring between 9
and 12 AM and with an additional activity peak at 5-6
PM. During hospitalization, between 10-11 AM, when
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Table 2 Number of steps, time spent in uptime and sedentary behavior during the three periods.

Test time: Patients Steps Uptime Sedentary behavior
(N) (number per day) (hours per day) (hours per day)

Hospitalization 48 728 (IQR: 176;2089) 1.7h (IQR: 1.0;2.8) 21.4h (IQR: 20.7;22.4)
Discharge 49 2207 (IQR: 1433;3148) 40h(IQR: 2.7,54) 19.5h (IQR: 18.1;21.0)
Four weeks after discharge 43 2622(IQR: 1714;3865) 40h (IQR: 2.8;5.8) 196 h (IQR: 18.0;20.8)
Change from hospitalization to discharge 204 % [Cl: 149 ,;271%) * 1.87h [Cl:1.52.24] % -1.89h [Cl:-2.28;-1.50] *
DEMMI > 62 28 172 % [Cl: 108; 257 %] * 1.02 h [Cl:0.83;1.22] * -1,23 h [Cl:-1.80;-0.67] *
DEMMI < 62 37 242 % [Cl: 157; 353 %] * 286 h [Cl: 2-43;3.29] * -3.10 h [Cl:-3.60; -2,58] *
Change from discharge to four weeks after 28 % [Cl: 10 %; 50 %] ** 0.57 h [Cl: 0.28,0.87] ** -048 h [Cl:-0.79; -0,67] **
DEMMI > 62 28 62 % [Cl: 34; 96 %] ** 0.23 h [Cl:0.09,0.37] ** -0.69 h [Cl:-1.11;-0.27] **
DEMMI < 62 37 -2 % [Cl: -24; 26 %] 0.28 h [Cl:-0.08;0.65] -0.09 h [Cl:-0.50;-0.33] **

Table 2: Results for daily number of steps, time spent in uptime and sedentary behavior during hospitalization, after discharge and four weeks after discharge. The results for
taken number of steps and time (h) spent in uptime/sedentary are expressed as medians with first and third quartile. Changes between test times are expressed as means with
95% Confidence interval (Cl). relative changes are expressed as percentage for steps and absolute changes for uptime and sedentary behavior; * p<0.0001 for the difference
between baseline (hospitalization) and discharge;** p<0.01 for the difference between discharge (baseline) and four weeks after discharge.

Steps between 6am and 11 pm
900
800
700
e
3
2 600
s
2
-3 S00 -
&
v
‘S 400
-
7]
=
£ 300 -
)
=
200
. HIIL i
e u.”'“ll'j im =
T T
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hour of the day
[l Hospital [[Discharge [ Four weeks after discharge
Fig. 1 Number of steps taken per hour from 6 am to 11 pm. Boxplots illustrating lower quartile, median, upper quartile and extremes per hour
during hospitalization (blue), after discharge (green) and four weeks after discharge (red). The lines (blue, red, green) connect the medians during
the day

the patients’ exhibited the least sedentary behavior, the
median time in minutes per hour for sedentary behav-
ior was 53.5 minutes (IQR: 44.3;60). After discharge
and four weeks after discharge, between 10 — 11 AM,
when the patients’ exhibited the least sedentary behav-
jor the patients’ median time spent in sedentary behav-
ior was 43 minutes (IQR: 28.2;55.1).

Discussion

In this study, physical activity and the diurnal profile of
activity during and up to one month after hospitaliza-
tion was investigated with an accelerometer in a group
of older patients hospitalized for acute illness. During
hospitalization, the patients spent more time engaged
in sedentary behavior and took fewer steps and were
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less physically active than after discharge. The included
patients took less than 900 steps per day and were there-
fore at risk of hospitalization-associated functional
decline [16]. Also, during hospitalization the diurnal
profiles for steps and uptime had no notable variation in
activity after 9 AM. In contrast, we found a diurnal pro-
file for steps and uptime after discharge and four weeks
after discharge with most physical activity occurring
between 9 AM-12 PM, and 5-6 PM and with the patients
being more physically active throughout the day than
during hospitalization.

Levels of activity

During hospitalization, the patients spent a median of
21.4 h of the day engaged in sedentary behavior and spent
a median of 1.7 hours upright. This is consistent with a
review of studies in acute-care settings in which the daily
time spent lying or sitting accounted for 89-99%, and the
duration of uptime was 1-2 hours per day [22]. After dis-
charge a doubling in uptime was seen. Our findings are
consistent with a recent study by Kolk et al. [57], which
aimed to measure the number of steps taken per day in
hospital and up to one week after discharge in 188 old
(4+70) acutely hospitalized patients, with Fitbit Flex worn
on the wrist. In contrast, their study did not measure the
distribution of physical activity and sedentary through
the day. However, comparable findings were seen. Kolk
et al. showed a doubling in steps only one day after dis-
charge compared with one day prior to discharge - from
945 steps (IQR: 367;1943) to 1750 (IQR:675;4114). Pre-
sumably, the relatively high level of activity after dis-
charge in both our study and the study by Kolk et al.
indicate a recovery of activity the first week after dis-
charge. This doubling in the duration of uptime, and the
consequent decrease in sedentary time after discharge,
suggests that sedentary behavior is a result of a culture
of bed rest at the departments and that the patients could
potentially be more physical active. This is well in line
with recent studies from our department. In an ethno-
graphic study with observations of daily practice in the
departments [58], mobility of older medical patients
was found to be dependent on the health professionals’
different cultural models, which ended up blurring the
responsibility for ensuring patient mobility and ended
up restricting patient mobility. Also, Pedersen et al. 2020
conducted a qualitative study that investigated facilita-
tors and barriers for mobility during hospitalization, by
semi-structed interviews with twelve physicians at two
medical departments and Stefinsdéttir et al. explored
20 old (+65) medical patients’ experiences with mobility
during hospitalization more generally, and with an inter-
vention to increase in-hospital mobility. Pedersen et al.
2020 [59] and Stefansdéttir et al. [60] found that barriers
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for mobility in older medical patients were the provision
of excessive service and care by the department, a culture
of bed rest, and lack of encouragement by health care
professionals to motivate the patients to increase activity.
Also, Stefansdottir et al. reported that the staff brought
food, beverages, and clothes to patients, including those
who were able to get out of bed and walk.

Diurnal profiles

A second important finding was that during hospitaliza-
tion only one minor peak in uptime occurred at 9 AM.
This suggests that the patients only get out of the bed in
the morning, maybe for the morning toileting or break-
fast, and spent most time engaged in sedentary behav-
ior for the rest of the day. However, right after discharge
and four weeks later, two peaks in activity occurred at
similar timepoints throughout the day. A study from
Germany, by Mai et al. [61] analyzed the diurnal physi-
cal activity profile in 149 non-hospitalized, chronically ill
community-dwelling individuals older than 70 years. The
participants were instructed to wear a pedometer on six
consecutive days. Consistent with our study, they identi-
fied two peaks. However, their timing for the peaks was
advanced one-two hours compared with our results, one
at 10-11 AM and a second at 3-4 PM. They found sex, age,
morbidity, and season to have no moderating effects and
that limited mobility was the only factor that significantly
moderated the profile, reducing the number of peaks to
one [61]. In our sample, the median DEMMI-score was
57 (reflecting limited mobility) on admission. Thus, lim-
ited mobility can also be the reason for the lack of a sec-
ond peak of activity in our group during hospitalization
since the median DEMMI score in the included patients
was 57 on admission, which reflect the patients are lim-
ited in their mobility and have increased reliance on care
and caregivers [51]. In contrast to our study, a recent
study from Switzerland by Tasheva et al. [62], found three
peaks of physical activity during the day: between 8-10
AM, at 12 PM, and at 6 PM. Tasheva et al. assessed the
distribution of physical activity levels continuously dur-
ing the hospital stay by a wrist accelerometer in 177 old
(+65) patients hospitalized for acute medical illness.
The authors proposed that older inpatients are primar-
ily active during meals, as reflected in the three peak
times. Although the patients in our study did receive
three meals per day, this was not reflected in their peak
times and may indicate that meals were consumed close
to or in bed, and that the patients in the study by Tasheva
et al. had the possibility to consume their meals in e.g. a
dining room at the hospital. Moreover, we consider the
above-mentioned barriers to be explanations for the lack
of a second peak during hospitalization in our study.
The diurnal profiles of the patients after discharge and
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four weeks after discharge show that the patients started
physical activity one hour earlier and had higher levels
of physical activity in the morning and afternoon hours.
These findings are consistent with those of Zisberg et al.
[28], who showed that the timing of getting dressed in the
morning moved an hour and a half during hospitaliza-
tion, and most basic activities were reduced in frequency
and duration.

Daily routines

Our findings indicate that older patients could poten-
tially be more physically active during hospitalization
and emphasize the need for interventions that encourage
more physical activity during hospitalization. It could be
in the form of simple routine activities, such as patients
eating their breakfast out of bed in a common room and
changing clothes by themselves. Another starting point
for the effort to increase patients’ physical activity dur-
ing hospitalization could be to encourage physical activ-
ity around 10-12 AM, and 5-6 PM, which would be more
consistent with their habitual behavior. It is known that
older patients are vulnerable to disturbances in their
routines [63]. Thus, suggested efforts should be made to
re-establish routines among those at risk of loss of func-
tional decline. Since our results showed a wide range
in steps, uptime and sedentary behavior, a personal-
ized intervention strategy would be a reasonable means
of optimizing physical activity during hospitalization.
Recently, guidelines on physical activity for admitted
older patients have also highlighted the importance of
integrating physical activity throughout daily care, with
a focus on functionality and activities of daily living; and
bearing in mind that it is important for patients and staff
to share the responsibility of promoting physical activ-
ity and minimizing sedentary behavior [15]. An alterna-
tive method for providing clinical care to a segment of
this group of older patients has recently been suggested
in a systematic review [64], which found that hospital-
at-home (HaH) treatment may be a clinically effective
approach and suggested that this treatment method may
result in less functional decline in patients than the tra-
ditional ward-based treatment method. However, further
research is needed, and the implementation of this alter-
native method of treatment (HaH) would necessitate sig-
nificant changes to the current practice as well as time, it
can takes several years making structural changes in the
healthcare systems. In the short term, a relevant indica-
tor is needed to identify patients at a high risk of inac-
tivity during their time in the hospital. In the long term,
systematic changes in the hospital environment and care
setting are needed where the responsibility to encour-
age physical activity should be a shared responsibility
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and delegated to all health professionals as suggested in
recent recommendations for physical activity [15].

Strengths and limitations

This study’s major strength was the longitudinal meas-
urement of physical activity during hospitalization, at
discharge, and at four weeks after discharge in a hetero-
geneous cohort of older adults hospitalized for acute
illness. This study has some limitations. First, physi-
cal activity was not recorded prior to hospitalization.
An objective assessment of physical activity prior to
hospitalization would give a more sufficient picture of
the impact of hospitalization on physical activity. How-
ever, this would require assessments of a broad range of
older adults to ensure that some of those who are hos-
pitalized were assessed prior to hospitalization. There-
fore, self-report on pre-hospitalization activity is easier
to collect. Secondly, we assessed the number of steps
using the activPAL3™ activity monitor. The first genera-
tion of activPAL had an uncertainty in detecting walking
at speeds less than 0.45 m/s [40, 41] and not purposeful
walking. It is uncertain if the activPAL3"" has the same
issues, however a study has reported a similarity between
the two generations of activPAL accelerometers [43]. At
baseline, the patients in the current study had a median
walking speed of 0.67m/s (IQR: 0.48;0.87), and it is there-
fore likely that walking and steps were underestimated in
the patients who had a gait speed below the first quartile.
However, we considered that an underestimation would
affect the absolute level of steps, but not affect the distri-
bution of activity throughout the day, which is one of the
reasons why we looked at uptime (walking and standing),
we therefore believe that the diurnal physical activity
profiles are a true reflection of the included older adults’
patterns of daily physical activity.

Conclusion

This study showed that in older acutely admitted adults
the diurnal activity profile during hospitalization was dis-
tinct from the diurnal profile when the patients returned
home. During hospitalization, the patients took fewer
steps, spent less time standing and walking, and spent
more of their time engaged in sedentary behavior. The
first week after discharge, the patients doubled their time
spent standing and walking and lowered their time spent
in sedentary behavior, suggesting that sedentary behavior
is a result of a culture of bed rest in the hospital. There-
fore, general mobility regimes and motivation should be
provided to all patients during acute hospitalization.

Abbreviation
IQR: interquartile range; BMI: body mass index; DEMMI: De Morton Mobility
Index; MSE: Mini-Mental State Examination; NMS: New mobility score.
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