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Abstract. [Purpose] To examine changes in physical activity levels between admission and discharge in patients 
hospitalized after stroke and fracture. [Participants and Methods] Patients with stroke (n=36) or fracture (n=41) 
wore an accelerometer during the daytime for three days after admission and before discharge. Physical activity 
was divided into sedentary behavior (SB), light-intensity (LIPA), and moderate-to-vigorous (MVPA), and then 
compared between hospital admission and discharge using the Wilcoxon signed-rank test. The characteristics of 
patients with or without changes in SB during hospitalization were compared using the Mann–Whitney U test. 
[Results] The median LIPA time in patients after stroke and fracture increased from 107.5 and 106.7 minutes on 
admission to 122.0 and 127.3 minutes at discharge, and the median MVPA time increased from 2.7 and 0.7 minutes 
on admission to 4.2 and 2.7 minutes at discharge, respectively. In particular, LIPA in non-therapy time increased 
for patients both after stroke and fracture. No differences in characteristics were observed between with or without 
changes in SB regardless of differences in diagnoses. [Conclusion] These findings indicate that while physical activ-
ity levels increased during hospitalization, they remained below World Health Organization recommendations for 
MVPA, and patient characteristics alone may not account for increased activity levels.
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INTRODUCTION

Increasing physical activity levels has been shown to have positive effects in older adults (e.g., improvements in physical 
function, cognition, and risk of all-cause mortality)1). Particularly for cerebrovascular disease, increased physical activity 
is reportedly effective for reducing the risks of stroke2), less-severe stroke3), all-cause mortality4), and stroke recurrence5). 
Regarding musculoskeletal problems such as falls and fractures, increased physical activity has also been found to be effec-
tive for lowering the risks of falls and fall-related injuries1), improving bone health1), and reducing the risk of re-fracture6). 
Increased physical activity is therefore important for older adults with stroke and musculoskeletal disease.
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While increasing physical activity is important, activity levels are generally low among individuals with chronic ill-
nesses7, 8). Moreover, according to a systematic review9), inpatients with stroke or after orthopedic surgery spend 93%–98.8% 
of their hospital stay in a sedentary state. Both patients with stroke and those with fracture show increased physical activity 
as uptime (i.e., time spent upright and walking) during the transition from hospital to home10, 11). However, few reports have 
examined changes in physical activity levels during hospitalization, and some studies have reported divergent results, with 
increased activity in some and no change in others11–14). In addition, whether any actual changes in physical activity occur 
during therapy or non-therapy time remains unclear.

Furthermore, the leisure-time physical activities of older adults with chronic diseases (e.g., musculoskeletal disease, vas-
cular heart disease, stroke) are similar, with most walking, gardening, or performing exercises at home15). Conversely, older 
adults with stroke are more inactive than other individuals with chronic disease in community settings15). However, because 
of the differences in the environment between community and hospital settings, whether there is a similar difference between 
stroke and others remains unclear, and to our knowledge, no studies have compared these patient groups. In particular, in 
Japan, both patients with stroke and those with fracture are admitted to convalescent rehabilitation units and treated by the 
same rehabilitation team. Therefore, clarifying whether differences in physical activity levels during hospitalization exist 
between these patients is important to encourage changes in behavior.

The doubly labeled water method is the gold standard for measuring physical activity, but it is difficult to perform in clini-
cal practice for many reasons (e.g., cost, time-intensiveness, high subject burden, etc.)16). Other studies measuring physical 
activity have used self-report questionnaires, direct observation, and accelerometers16, 17). Among these tools, accelerometers 
offer high accuracy, allow easy, objective measurement of movement, and measurements can be translated into energy ex-
penditure units (e.g., kilocalories or metabolic equivalents [METs]) or activity intensity categories. In particular, the World 
Health Organization (WHO) recommends that all adults, including those with chronic conditions, engage in 150–300 minutes 
of moderate-intensity or 75–150 minutes of vigorous-intensity physical activity each week, or a combination of both18). 
Moreover, recommendations regarding physical activity and sedentary behavior (SB) among older adults during hospitaliza-
tion include aiming to accumulate regular physical activity and minimizing long periods of uninterrupted SB during waking 
hours19). Therefore, objective measurements of physical activity in terms of intensity are important.

In addition, objective identification of changes in physical activity levels and differences in diagnoses during hospitaliza-
tion is important for promoting optimal physical activity during hospitalization. In this study, we hypothesized that: 1) 
physical activity would increase during non-therapy time with improvements in physical function; and 2) patients with stroke 
would show less change in activity than those with fracture because patients with stroke are inactive even before the onset of 
stroke. Given this background, the present study aimed to identify whether physical activity changes during the period from 
admission to discharge within a population of hospitalized patients and to compare trends between patients with stroke and 
those with fracture.

PARTICIPANTS AND METHODS

This prospective longitudinal observational study was conducted in the convalescent rehabilitation unit of a public hospi-
tal in Japan. Patients admitted from March 2021 to August 2022 were followed until discharge. The present study applied the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement20).

Patients were recruited from the convalescent rehabilitation unit of Nanokaichi Hospital, a public hospital. This hospital 
has 162 beds, 57 of which are in the convalescent rehabilitation unit, where intensive daily rehabilitation is provided to 
patients who have completed acute treatment, such as after stroke, hip fracture, and vertebral fracture. All patients were 
admitted to the convalescent rehabilitation unit directly from an acute care hospital after stabilizing treatment.

The inclusion criteria were as follows: 1) admission with stroke or fracture (lower extremity, pelvis, or vertebra); and 2) 
ability to manage an accelerometer during the day. The exclusion criteria were: 1) an unstable condition requiring medical 
treatment; 2) complications or a past history affecting ambulation; and 3) hospital discharge within 1 week of admission.

This study was approved by the Ethics Review Committee of Nanokaichi Public Hospital (approval No. 20200120) 
and registered with the University Hospital Medical Information Network Clinical Trials Registry (UMIN000050278). All 
participants provided verbal and written informed consent before data collection began.

The following demographic data were collected from medical records at hospitalization: sex, age, body mass index, 
affected side, days from onset or surgery to hospitalization, first-ever or recurrent stroke, and history of fracture. Walking 
ability before onset was assessed using the Functional Ambulation Classification of the Hospital at Sagunto (FACHS). The 
FACHS is a 6-point classification scale ranging from 0 (non-ambulation) to 5 (normal ambulation)21). The FACHS before 
onset was assessed based on the results of interviews conducted by the corresponding author at the beginning of physical 
activity measurement. The following measures of physical ability and cognitive function were assessed on admission to 
and discharge from the hospital: the Mini-Mental State Examination (MMSE)22), Brunnstrom recovery stage (BRS) of the 
affected lower limb23), Berg Balance Scale (BBS)24), Functional Ambulation Category (FAC)25), use of a walking aid, modi-
fied Gait Efficacy Scale (mGES)26), and Functional Independence Measure27). BRS of the lower limb was assessed only in 
patients with stroke.
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Physical activity was measured using the Active Style Pro HJA-750C (ASP-750C) physical activity monitor with a triaxial 
accelerometer (OMRON, Kyoto, Japan). The ASP-750C is a small, lightweight activity monitor (52 mm × 40 mm × 12 mm; 
23 g) that uses the same algorithm as the previous model, the Active Style Pro HJA-350IT. These algorithms can estimate 
METs with high accuracy28–31).

The first measurement was made between 1 and 3 weeks after hospital admission and the second within 2 weeks until 
discharge. Measurements by accelerometer were conducted every 3 weekdays except weekends (the period from the start 
to the end of measurement was 4.2 ± 2.2 days). The physical activity monitor was attached to the waist of the patient before 
08:30 and removed after 17:00 each day by the researcher. Patients with stroke or after fracture of a lower extremity or pelvis 
wore the activity monitor on the non-affected side32), whereas patients after vertebral fracture wore it on the right side. Other 
than therapy, no additional interventions, such as physical activity feedback or encouragement, were provided.

Activity intensity ≤1.5 METs was defined as SB33), 1.6–2.9 METs as light-intensity physical activity (LIPA)34), and ≥3 
METs as moderate-to-vigorous physical activity (MVPA)34). Examples of activity intensity include SB is maintained posture 
such as lying, sitting, and standing, LIPA is sitting and standing with reaching task, and slow walking, MVPA is fast walk-
ing31).

The duration of physical activity was calculated for daytime (08:31 to 17:00), therapy time, and non-therapy time. Therapy 
time was defined as the total time spent in physical therapy, occupational therapy, and speech language therapy, with each 
therapy time identified from the electronic medical records. Non-therapy time was defined as the daytime minus therapy time.

ASP-750C software (activity tracker application version 2.2; OMRON, Kyoto, Japan) was used to download the ASP-
750C data. This software can extract activity intensity (in METs) for every 60-second epoch and output the data in Excel. 
Physical activity data from 08:31 to 17:00 were used. Patients were asked to record their bathing times, and the relevant 
non-wearing time data in the file were visually checked by the research staff and excluded from analysis.

The patients’ characteristics are shown as the mean (standard deviation [SD]) or median (1st quartile [Q1] to 3rd quartile 
[Q3]) for continuous and ordinal variables, and as count (percentage) for categorical variables. The normality of variables 
was assessed using the Shapiro–Wilk test. Continuous variables showing normal distributions were compared using Student’s 
t-test, whereas those with non-normal distributions were compared using the Mann–Whitney U test. Ordinal and categorical 
variables were tested using the χ2 test and Fisher’s exact probability test.

Comparisons of physical activity between hospital admission and discharge are shown as median (Q1 to Q3) and were 
tested using the Wilcoxon signed-rank test. Because walking independence may influence changes in physical activity, 
subgroup analysis was conducted separately for patients capable of independent walking. The effect size (r) of physical 
activity was calculated using data collected shortly after admission and in the pre-discharge period as defined above using 
the following equation: [r=z / √n]. Values of 0.1, 0.3, and 0.5 for the effect size (r) were interpreted as small, moderate, and 
large, respectively.

To compare patient characteristics according to changes in physical activity, patients were divided into those with de-
creased SB time (SB at discharge <SB on admission) and those with increased or unchanged SB time (SB at discharge≥SB 
on admission). Continuous variables showing a normal distribution were tested using Student’s t-test, whereas those with 
non-normal distributions were tested using the Mann–Whitney U test. Ordinal and categorical variables were tested using the 
χ2 test and Fisher’s exact probability test.

Statistical analyses were performed using SPSS version 27.0 (SPSS, Chicago, IL, USA), with the exception of Fisher’s 
exact probability test, which was only performed using JMP Pro version 15.2 (JMP Statistical Software; SAS Institute, Cary, 
NC, USA). The threshold for statistical significance in all experiments was set at p<0.05.

When the effect size was set to large (r=0.5), α error probability to 0.05, and 1-β error probability to 0.8, power calcula-
tions required 35 patients to detect longitudinal changes between hospital admission and discharge. A minimum of 35 patients 
each was thus required for patients with stroke and those with fracture. All sample size calculations were performed using 
G*power (Universität Düsseldorf, Düsseldorf, Germany).

RESULTS

A total of 337 patients were admitted to the hospital during the recruitment period. Among these patients, 163 were eli-
gible for inclusion (Fig. 1), of whom 77 (36 with stroke, 41 with fracture) participated in this study. The characteristics of the 
patients are shown in Table 1. Patients with stroke were significantly more likely to be males, have a higher FACHS before 
onset, a higher BBS score, a higher mGES score, and a lower MMSE score than patients with fracture on admission. Both on 
admission and at discharge, the use of walking aids differed significantly between patients with stroke and those with fracture.

Changes in physical activity levels from admission to discharge are summarized in Table 2. For patients with stroke, the 
median SB time decreased significantly, from 398.5 to 381.8 minutes, mostly in therapy time. Both the median LIPA and 
MVPA times increased significantly, from 107.5 to 122.0 minutes and from 2.7 to 4.2 minutes, respectively, mostly in non-
therapy time. For patients with fracture, the median SB time decreased significantly, from 402.3 to 375.3 minutes, mostly in 
therapy time. The median LIPA and MVPA times increased significantly, from 106.7 to 127.3 minutes and from 0.7 to 2.7 
minutes, respectively, mostly in non-therapy time. The effect sizes for SB and MVPA time were moderate for patients with 
stroke, but large for patients with fracture.
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Subgroup analysis was conducted separately for patients with and without the ability to walk independently (Fig. 2 and 
Table 3). Because few patients showed dependent walking (FAC ≤3) both on admission and at discharge (three patients with 
stroke, six patients with fracture), subgroup analysis was conducted for the following two groups: those with independent 
walking from admission, and those with dependent walking on admission, but independent walking at discharge (Fig. 2). For 
patients with dependent walking on admission who achieved independent walking by discharge, both patients with stroke and 
those with fracture showed significantly decreased SB and increased LIPA times. The LIPA time was significantly increased 
in non-therapy time, but unchanged in therapy time. For patients with independent walking on admission, both patients with 
stroke and those with fracture significantly increased MVPA times, but LIPA times remained basically unchanged, except for 
in non-therapy time among patient with fracture.

Table 4 shows the results of a comparison of patient characteristics by group (decreased vs. non-decreased SB time at 
discharge). In total, 56 patients (24 with stroke and 32 with fracture) showed decreased SB time, and 21 (12 with stroke and 
nine with fracture) showed non-decreased (i.e., increased or unchanged) SB time. Patients with decreased SB time showed an 
average decrease of 42.7 (SD 37.1) minutes. By contrast, the patient group with non-decreased SB time showed an average 
increase of 16.9 (SD 15.3) minutes. No significant differences in characteristics were observed between patients with stroke 
and those with fracture regardless of changes in SB.

DISCUSSION

This study obtained three major findings. First, most patients with stroke and those with fracture showed decreased SB 
time and increased activity time at discharge compared with admission to the rehabilitation unit. Most of the increase in activ-
ity time was seen in non-therapy time rather than in therapy time. Second, when improving from dependent to independent 

Fig. 1.  Participant flow in the study.
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walking during hospitalization, many patients showed increased activity time, except those with independent walking on 
admission, in whom activity time was unchanged. Third, no significant differences in characteristics were observed between 
patients with stroke and those with fracture regardless of changes in SB.

In this study, LIPA and MVPA times were increased at discharge compared with on admission for both patients with 
stroke and those with fracture. These increases in activity time mainly occurred in non-therapy time. To our knowledge, 
this is the first study to examine changes in physical activity in both patients with stroke and those with fracture by dividing 
daytime into therapy and non-therapy times during hospitalization. Some studies have reported that patients display increased 
standing or walking time after stroke or fracture11, 35), and the present study showed a similar trend. Because improvements 
in function allow increased physical activity35), intensive rehabilitation during hospitalization may lead to decreases in SB 
and increased activity time during non-therapy time for patients with stroke and those with fracture. However, despite this 
increase in activity time, that for inpatients was clearly below the recommendations of the WHO18), and thus, additional 
interventions are needed to increase activity.

Fig. 2.  Participant flow in sub-group analysis.
FAC: Functional Ambulation Category.

Table 2.  Changes in physical activity levels between admission and discharge in patients with stroke and those with fracture

Patients with stroke (n=36) Patients with fracture (n=41)

Admission time Discharge time p-values
Effect 

Admission time Discharge time p-value
Effect 

size size
Daytime, min

SB time 398.5 [370.8–419.3] 381.8 [335.6–408.9] ** 0.48 402.3 [349.3–420.7] 375.3 [340.3–402.7] ** 0.61
LIPA time 107.5 [87.3–136.1] 122.0 [94.8–143.1] * 0.37 106.7 [88.5–155.3] 127.3 [101.8–161.0] ** 0.47
MVPA time 2.7 [1.4–5.8] 4.2 [1.0–13.6] ** 0.45 0.7 [0.3–1.7] 2.7 [0.3–5.7] ** 0.53
Total time 510 [510–510] 510 [510–510] 0.13 510 [510–510] 510 [510–510] * 0.37

Therapy time, min
SB time 83.7 [65.3–104.8] 73.5 [54.3–86.5] ** 0.49 72.0 [46.7–84.0] 50.7 [38.0–63.5] ** 0.72
LIPA time 52.3 [43.4–64.0] 55.7 [42.6–69.6] 0.14 55.3 [44.5–68.3] 51.3 [39.5–63.2] * 0.32
MVPA time 1.3 [0.4–2.6] 1.5 [0–6.4] ** 0.44 0.3 [0–1.5] 0.7 [0–2.2] ** 0.48
Total time 140.7 [121.4–152.5] 132.8 [113.4–151.1] * 0.33 119.7 [111.3–138.3] 100.3 [92.8–120.0] ** 0.71

Non-therapy time, min
SB time 318.8 [276.9–342.9] 305.7 [271.6–336.9] 0.24 332.3 [280.0–359.5] 316.3 [286.0–348.8] 0.26
LIPA time 53.3 [34.5–79.3] 61.5 [45.4–79.3] * 0.36 49.3 [37.0–95.8] 74.3 [54.5–101.3] ** 0.67
MVPA time 1.2 [0.8–3.3] 2.3 [0.7–4.5] ** 0.44 0.7 [0.3–1.7] 1.3 [0.2–2.8] ** 0.42
Total time 368.2 [357.5–388.6] 377.2 [356.7–396.6] 0.29 390.0 [371.7–398.7] 409.7 [389.8–415.0] ** 0.63

*p<0.05; **p<0.01.
Values are expressed as medians [Q1–Q3].
SB: sedentary behavior; LIPA: light-intensity physical activity; MVPA: moderate-to-vigorous physical activity.
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Patients showing dependent walking on admission and independent walking at discharge demonstrated increases in LIPA 
and MVPA, but no changes were seen in those who showed independent walking on admission. Some studies have reported 
that patients capable of independent walking achieve higher activity levels, including standing or walking time, number of 
steps, and activity intensity, compared with those with dependent walking36–38). Independent walking is a prerequisite for 
increasing activity levels. A previous study of acutely admitted patients found that person-assisted and bedridden patients 
increased their upright time per day during hospitalization, whereas independent patients showed an average decline of 
4.5 minutes per day39), similar to the present study. Most studies have reported that older adults with chronic disease after 
discharge show immediately increased activity time compared with during hospitalization10–12). The lack of patient activity 
may thus be related to the influences of the hospital environment.

In terms of changes in activity time, patients with fracture showed a larger effect size than did patients with stroke. 
Motor recovery mostly occurred within the first month after stroke, but some patients continued recovery up to 6 months 
after stroke40). This result may be associated with the different recovery period between stroke and fracture. On the other 
hand, both patients with stroke and those with fracture fell below the recommendations of the WHO18) and no significant 
differences in characteristics were observed between patients with stroke and those with fracture regardless of changes in SB. 
The background underlying inactivity during hospitalization suggests that influences from the hospital environment (e.g., 
boredom, that eating and drinking are often performed while lying in bed, etc.) exert a negative influence on patients’ physical 
activity levels41). Institutional priorities, staff culture, and attitudes may also exert negative influences on physical activity42). 
Therefore, during hospitalization, the environment may have more of an effect compared with that in the community, and 
differences between diagnoses may have less influence.

A key strength of the present study was that we objectively measured patients with stroke and those with fracture in the 
same setting. In the community setting, older adults with stroke are more inactive as measured by self-reported telephone 
surveys compared with older adults with other chronic diseases15). However, in the hospital setting, patients with stroke were 
as inactive as patients with fracture. This finding suggests that inactivity is more likely due to the hospital environment than 
to the effects of a specific diagnosis. Another strength of this study was that longitudinal comparisons were made by dividing 
activity time into therapy and non-therapy time. Most of the increases in activity time achieved during hospitalization were 
found to occur during non-therapy time.

The clinical application of this research should focus on non-therapy time to increase physical activity, regardless of the di-
agnosis leading to admission. In particular, this study provides evidence in support of the need for unsupervised interventions 
for patients capable of independent walking. In the future, it will be necessary to clarify which unsupervised interventions 
are most effective. The inactivity of patients during hospitalization is suggested to involve not only patient-related causes, 
but also the hospital environment-related causes41). However, further research is needed to clarify the types of hospital 
environments that influence inactivity.

This study has some limitations. First, a clear difference in the sex ratio was seen between patients with stroke and those 
with fracture. Among patients with stroke, some systematic reviews have found no significant association between sex and 
physical activity7, 43); only one known meta-analysis has concluded that a small association exists44). Therefore, comparisons 
of diagnoses that take sex differences into account are needed in the future. Second, during the follow-up phase, 17 patients 
with stroke and 10 with fracture dropped out of the study, which could have introduced a tapering bias. In this study, 59% of 
patients had missing data on physical activity at discharge because of the inability to wear the accelerometer for 3 days as a 
result of emergency discharge. Third, due to non-normal distribution of the data, we could not conduct analysis of variance. 
In addition, we could not detect whether there were moderate and small effects because the power was only sufficient to 
detect a large effect. Future studies with a larger sample should be conducted to clarify the relationships among multiple 
factors and effects. Fourth, the physical activity monitor with a triaxial accelerometer used in this study was tested for 
criterion validity in patients with stroke with a 6-minute walking speed of 2.2 ± 0.8 mph31). In a preliminary investigation, we 
confirmed that this physical activity monitor could identify LIPA in patients with a walking speed ≥0.15 m/s, but the accuracy 
for patients with a walking speed <0.15 m/s is not known. In the future, it will be necessary to confirm the validity of this 
device for patients with poor walking ability.

In conclusion, SB was decreased and LIPA and MVPA were increased at discharge compared with on admission. In 
particular, LIPA was increased in non-therapy time for both patients with stroke and those with fracture. Regarding increased 
activity, MVPA only occupied a few minutes. No differences in characteristics were observed between patients with stroke 
and those with fracture regardless of changes in SB. While physical activity levels increased during hospitalization, they 
remain below the WHO recommendations for MVPA, and patient characteristics alone may not account for this increased 
activity.
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