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Abstract

IMPORTANCE Low levels of physical activity during hospitalization are thought to contribute to a
range of poor outcomes for patients. Using wearable activity trackers during hospitalization may help
improve patient activity, sedentary behavior, and other outcomes.

OBJECTIVE To evaluate the association of interventions that use wearable activity trackers during
hospitalization with patient physical activity, sedentary behavior, clinical outcomes, and hospital
efficiency outcomes.

DATA SOURCES OVID MEDLINE, CINAHL, Embase, EmCare, PEDro, SportDiscuss, and Scopus
databases were searched from inception to March 2022. The Cochrane Central Register for
Controlled trials, ClinicalTrials.gov, and World Health Organization Clinical Trials Registry were also
searched for registered protocols. No language restrictions were imposed.

STUDY SELECTION Randomized clinical trials and nonrandomized clinical trials of interventions that
used wearable activity trackers to increase physical activity or reduce sedentary behavior in adults
(aged 18 years or older) who were hospitalized were included.

DATA EXTRACTION AND SYNTHESIS Study selection, data extraction, and critical appraisal were
conducted in duplicate. Data were pooled for meta-analysis using random-effects models. The
Preferred Reporting Items for Systematic Reviews and Meta-analyses guideline was followed.

MAIN OUTCOMES AND MEASURES The primary outcomes were objectively measured physical
activity or sedentary behavior. Secondary outcomes included clinical outcomes (eg, physical
function, pain, mental health), and hospital efficiency outcomes (eg, length of stay, readmission).

RESULTS Fifteen studies with a total of 1911 participants were included, representing various
surgical cohorts (4 studies), stroke rehabilitation (3 studies), orthopedic rehabilitation (3 studies),
mixed rehabilitation (3 studies), and mixed medical (2 studies). All studies were included in meta-
analyses. There was a significant association between wearable activity tracker interventions with
higher overall physical activity (standardized mean difference, 0.35; 95% CI, 0.15 to 0.54; I2 = 72%;
P < .002) and less sedentary behavior (mean difference, −35.46 min/d; 95% CI, −57.43 to −13.48
min/d; I2 = 0; P = .002), and a significant association between wearable activity tracker interventions
with improvements in physical function (standardized mean difference, 0.27; 95% CI, 0.08 to 0.46;
I2 = 0; P = .006) compared with usual care. There was no significant association between wearable
activity tracker interventions with pain, mental health, length of stay, or readmission risk.
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meta-analysis of 15 studies and 1911

participants, using wearable activity

trackers during hospitalization was

associated with higher physical activity,

less sedentary behavior, and improved

physical function but was not associated

with improvements in other clinical or

hospital efficiency outcomes.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this systematic review and meta-analysis, interventions that
used wearable activity trackers with patients who are hospitalized were associated with higher
physical activity levels, less sedentary behavior, and better physical functioning compared with
usual care.

JAMA Network Open. 2023;6(6):e2318478. doi:10.1001/jamanetworkopen.2023.18478

Introduction

Periods of hospitalization are characterized by very low levels of patient physical activity (PA).1,2 This
is often despite patients’ ability to walk independently3 and is understood to lead to increased
mortality, functional decline, frailty, and disability.4-6 Additionally, observational studies have shown
that higher levels of PA during hospitalization are associated with a shorter length of stay (LOS)7-10

and a reduced rate of readmission.11,12 Even small PA volumes of just 900 steps per day during
admission appear to prevent functional decline following hospitalization.13 The link between low
levels of PA during a hospitalization admission and various adverse outcomes suggests that it is
critical to address patient PA during a hospital admission.14

Efforts to improve patient PA during a hospitalization are growing. Some examples include
large-scale policy implementation across more than 40 hospitals in the US supporting changes in
patient mobility culture and practices,15 early-stage development of PA recommendations for older
adults who are hospitalized,16 and delivery of a range of interventions targeting patient PA behavior
during hospitalization. Behavioral interventions appear effective for increasing PA, but the evidence
is inconclusive for physical performance and hospital efficiency outcomes, such as LOS and
readmission.17,18 Interventions using wearable activity trackers (WATs) are becoming more common
in populations who are hospitalized for their ability to promote PA using behavior change techniques,
such as self-monitoring, goal setting, and feedback.

WATs are associated with improved PA and health biomarkers,19 but their association with
hospitalization and patient PA, clinical outcomes (eg, physical function), and hospital efficiency
outcomes (eg, LOS) are less understood. This systematic review and meta-analysis aimed to evaluate
the association between WATs and patient PA and sedentary behavior (SB) during hospitalization
compared with usual care, as well as their association with clinical and efficiency outcomes.

Methods

This systematic review and meta-analysis was conducted and reported in accordance with the
revised Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting
guideline.20 We followed a protocol that was registered a priori with PROSPERO (CRD42022315181).

Data Sources and Search Strategy
We searched OVID MEDLINE, CINAHL, Embase, EmCare, PEDro, SportDiscuss, and Scopus
databases from inception to March 2022. Search strategies used keywords and MeSH terms related
to patients and hospitalizations, WATs, and PA or SB. The full search strategy is available in eTable 1
in Supplement 1. We screened reference lists of included studies for additional potentially eligible
studies, sent a list of included studies to content experts requesting studies that may have been
missed, and searched clinical trial registries (ClinicalTrials.gov, Cochrane Central, and World Health
Organization Clinical Trials Registry).
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Eligibility Criteria
We analyzed the associations of interventions that used WATs to increase PA or reduce SB among
adults who are hospitalized (ie, aged 18 years or older) with medical illnesses, undergoing
rehabilitation or surgery, including randomized clinical trials (RCT) and nonrandomized clinical trials
(nRCT). Children (ie, aged 18 years or younger), outpatients, patients receiving nonhospital health
care services, and studies with single-day or overnight admissions were excluded. Included studies
used WATs as the sole intervention or as part of a multicomponent intervention with usual care or no
intervention as the control. To be included, studies needed to report on at least 1 objectively
measured PA or SB outcome using a WAT (eg, daily step count, minutes of PA or minutes of SB
measured by accelerometry), and control groups needed to be blinded to feedback from WATs used
for outcome assessment.

Outcomes
The primary outcomes were objectively measured overall PA (eg, measured as either daily step
count, minutes of PA) and SB (eg, daily minutes of SB). Secondary outcomes were specific PA metrics
(eg, daily step count, minutes of PA); and hospital efficiency outcomes (eg, LOS, readmission).
Physical function refers to a patient’s ability to perform daily activities, such as walking and balancing,
as well as their overall physical performance, as measured by various tests, such as walking, mobility,
and balance test batteries.

Study Selection, Data Extraction, and Risk of Bias Assessment
Title and abstract screening and full text review was conducted in duplicate by 2 reviewers (K.S. and
either B.S., B.G., or C.S.) using Covidence systematic review software. All discrepancies were resolved
by discussion. Data extraction and risk of bias assessment were conducted in duplicate using a
custom form to extract data related to study methods, setting, sample demographics and
characteristics, intervention and control details, outcome measures, and results. The Joanna Briggs
Institute (JBI) critical appraisal checklists for RCTs and for nRCTs were used to assess the risk of bias.21

Data and risk of bias discrepancies were resolved by discussion.

Statistical Analysis
Meta-analysis was performed using RevMan version 5 (Cochrane Community). To evaluate the
association between interventions and overall PA, we conducted a meta-analysis by pooling the
means and SDs for the main PA outcome from each study. If multiple PA outcomes were available, we
used step count because it was reported most frequently and allowed for consistent comparison.
Additionally, we conducted separate meta-analyses for SB, and for the secondary outcomes for
which sufficient data were available. Mean differences (MDs) with 95% CIs were used to pool
continuous outcomes that used the same measurement scale, while standardized mean differences
(SMDs) with 95% CIs were used to pool continuous outcomes that used different scales. Count data
for readmission were analyzed as dichotomous data by calculating risk ratios. Fixed-effects models
were used for meta-analyses of outcomes where there was not considerable heterogeneity, and
random-effects models were used for all other meta-analyses due to clinical heterogeneity across
studies. Publication bias was assessed using funnel plots where 10 or more studies were included in
the meta-analysis,22 by plotting SMDs or MDs against corresponding SEs and assessing missing
sections or asymmetries. We conducted post-hoc leave-1-out sensitivity analyses for each outcome
to evaluate the association of individual studies on the overall results from meta-analyses. Statistical
heterogeneity was assessed using a χ2 test and I2 statistic. Subgroup analyses by clinical population
were performed on overall PA and LOS. If means and SDs were unavailable, we contacted study
authors for data; if authors did not respond,23-27 we used recommended formulas to convert
available data.22 For a study with 2 intervention groups and 1 control group,28 we used
recommended formulas to combine intervention group data to create pairwise comparisons.22

Where studies provided results for multiple outcomes for a single construct,28-30 we prioritized the
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most comprehensive measure available (eg, physical performance test batteries were prioritized
over single-task tests). In 1 study with data available for 2 different mental health constructs31 we
included each in the meta-analysis and divided sample sizes between comparisons to prevent
participants being presented twice.

We assessed the quality of evidence using the Oxford Centre for Evidence-Based Medicine 2011
Levels of Evidence, grading results for each outcome as follows: grade A for consistent level 1 studies
(n-of-1 RCTs); grade B for consistent level 2 studies (RCTs) or level 3 studies (nRCTs) or extrapolations
from level 1 studies; grade C for level 4 studies (historically controlled studies) or extrapolations from
level 2 or 3 studies.32 When assigning grades, we considered study quality, precision, directness of
results, consistency between studies, and effect sizes.

Two-sided Z tests were used to calculate P values for the summary effect sizes in the meta-
analysis, and the statistical significance level was P < .05. Statistical analysis was performed on
November 3, 2022, with the most recent update of the analysis performed on April 19, 2023.

Results

We identified 22 934 records from the database search. Following removal of duplicates, 15 776 titles
and abstracts were screened. Irrelevant titles and abstracts were excluded, and 209 full texts were
screened, with 15 studies23-31,33-38 (11 RCTs and 4 nRCTs) included (Figure 1). A list of studies excluded
at full text screening is available in eTable 4 in Supplement 1. All 15 studies were included in the
meta-analysis (16 comparisons); 14 studies (15 comparisons) were included in the meta-analysis for
overall PA while 2 studies were included in the meta-analysis for SB.

Study Characteristics
Four studies were conducted in Australia,29,30,33,36 4 in Europe,24,25,36,37 3 in Asia,27,31,34 3 in North
America,26,28,35 and 1 in the Middle East.23 Sample sizes ranged from 41 to 255, with a total sample of
1911 across all studies.23-31,33-38 The mean (SD) age of participants ranged from 52.5 (10.4) to 81 (8)
years, and 13 studies23-25,28-31,33-38 were mixed sex, with more females represented overall (range,

Figure 1. Flow Diagram of Study Selection

15 776 Records screened by title and abstract

22 934 Records identified through database search

7158 Duplicates removed

15 567 Records excluded

194 Full texts excluded
64 Unsuitable publication type

(eg, conference abstract)
48 Unsuitable intervention
40 Unsuitable population
26 Unsuitable study design

8 Outcomes of interest unavailable
7 Unsuitable comparator or control
1 Nonadult sample

209 Full texts assessed for eligibility

16 Comparisons included in the meta-analysis

15 Studies included for review23-31,33-38
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37%-100%). Populations included 4 surgical cohorts,24,26,27,38 3 stroke rehabilitation studies,28,34,35

3 orthopedic rehabilitation studies,31,36,37 3 mixed rehabilitation studies,29,30,33 and 2 mixed medical
studies.23,25 Studies were published between 2013 and 2021, with 12 studies23-25,27-29,31,33,34,36-38

published since 2018 (Table).

Intervention
Most studies used WATs as the sole intervention, and 4 studies23,24,29,37 used WATs in
multicomponent interventions. Twelve studies23,25-28,31,33-35,37,38 provided the intervention during
hospitalization only, with the mean (SD) durations ranging between 1.5 (no SD reported) to 22 (16)
days. Three studies24,29,36 provided the intervention during hospitalization and postdischarge, with
durations ranging between 1 to 6 months. Six studies25,27,30,31,34,35 tailored WAT interventions to
individuals, 6 studies23,26,28,33,36,38 did not tailor interventions, and 3 of the multicomponent
interventions tailored some aspects of the intervention but not WAT use.24,29,37 Only 2 studies23,24

reported that their intervention was based on theory, including Bandura Self-efficacy Theory34 and
the System Engineering Initiative for Patient Safety theoretical model.23 Control groups for all studies
received usual care, which varied for different populations (Table).

Risk of Bias
Eleven studies25-30,33-36,38 were assessed with the JBI checklist for RCTs (eTable 2 in Supplement 1),
with most performing well in terms of randomization,26-30,33-36,38 allocation
concealment,26-30,33-36,38 similar baseline characteristics,25,26,28-30,33-36,38 consistent outcome
assessment methods,25-30,33-36,38 statistical analysis methods,25-30,33-36,38 and trial design and
conduct.26-30,33-36,38 Domains assessed as high risk for bias included lack of blinding of
participants,25,27-30,33,35,36,38 personnel,25-30,33-36,38 and assessors25-27,34,36,38 and not performing
intention-to-treat analysis.25-28,30,33-35,38 Four studies23,24,31,37 were assessed with the JBI checklist
for nRCTs (eTable 2 in Supplement 1). All performed well in terms of having a clearly defined
intervention, a control group, and statistical analysis methods. Domains assessed as having a high
risk for bias were baseline characteristics between groups23,24,37 and outcome assessment at
multiple time points.24,37

Meta-analysis
Overall PA and SB
Meta-analysis of 14 studies (15 comparisons)23,25-31,33-38 showed WAT interventions were
significantly associated with moderately higher overall PA compared with controls with considerable
heterogeneity (SMD, 0.35; 95% CI, 0.15-0.54; I2 = 72%; P < .001) (Figure 2), which did not differ by
clinical subgroup (eFigure 1 in Supplement 1). Two studies24,25 reported on SB, with a significant
association between WAT interventions and lower minutes of SB, and no heterogeneity (MD, −35.46
min/d; 95% CI, −57.43 to −13.48 min/d; I2 = 0%; P = .002) (eFigure 2 in Supplement 1). The level of
evidence for WAT interventions association with higher overall PA and lower SB was grade B (level 2
and level 3 studies).

Step Count and Active Time
Activity outcomes were available for daily step count (11 studies),23,26-29,31,33-36,38 and active time (9
studies),25,29-31,33-35,37,38 with 7 studies25,29,31,33-35,38 reporting more than 1 PA outcome. Data from
11 studies23,26-29,31,33-36,38 (12 comparisons) showed a significant association between WAT
interventions and higher daily step count compared with controls, with high heterogeneity (MD,
826.08 steps/d; 95% CI, 416.92-1235.24 steps/d; I2 = 89%; P < .001) (eFigure 2 in Supplement 1).
There was a significant association between WAT interventions and higher active time compared
with controls, with high heterogeneity (MD, 9.75 min/d; 95% CI, 0.65-18.84 min/d; I2 = 87%; P = .04)
(eFigure 2 in Supplement 1). The level of evidence for WAT interventions associated with improving
each activity outcome was grade B (level 2 and level 3 studies).
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Clinical Outcomes
Sufficient data for meta-analyses were available for physical function (4 studies),28,29,33,35 pain (3
studies),27,29,31 and mental health (3 studies; 4 comparisons).28,29,31 There was a small, significant
association with improvements in physical function favoring WAT interventions compared with
control (SMD, 0.27; 95% CI, 0.081-0.46; I2 = 0; P = .006) (Figure 3). WAT interventions were found
to have a grade B level of evidence for improving physical function, while there was no significant
association for pain or mental health outcomes (Figure 3). The level of evidence for WAT
interventions association with improving both pain and mental health was grade C due to
inconsistency between studies, with a combination of level 2 and level 3 studies.

Hospital Efficiency Outcomes
Ten studies (11 comparisons)23,25,27,30,31,33-35,37,38 reported on LOS, and 3 studies25,30,36 reported on
hospital readmission (range, 28-90 days postdischarge). WAT interventions were not significantly
associated with LOS or risk of readmission, with moderate heterogeneity (Figure 4). Subgroup
analysis by clinical category did not show a significant association with LOS by group (eFigure 1 in
Supplement 1). There was no significant association between WAT interventions and risk of
readmission (Figure 4). The level of evidence for WAT interventions’ association with improving LOS
and risk of readmission was grade C (level 2 and level 3 studies, downgraded due to indirectness of
study aims and inconsistency across studies).

Figure 2. Forest Plot of WAT Intervention Association With Overall Physical Activity and Sedentary Behavior
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Publication Bias and Sensitivity Analyses
Funnel plots were visually assessed for overall PA, LOS, and daily step count (eFigure 3 in
Supplement 1). Plots were symmetrical, indicating no clear evidence of publication bias, and the small
number of studies limited exploration of heterogeneity among subgroups. Leave-1-out sensitivity
analyses showed consistent associations between WAT interventions and all outcomes, indicating
robustness of the key results (eTable 3 in Supplement 1).

Discussion

Our findings suggest that WAT interventions are associated with significantly higher patient PA and
less SB during hospitalization, with potential clinical benefits for patients but not for hospital
efficiency outcomes. While a small number of studies showed a significant association between WAT
interventions and improved physical function, no improvement was observed in pain and mental
health. LOS or readmission showed no significant association with WAT interventions, with limited
studies reporting on readmission. However, due to significant heterogeneity among studies, caution

Figure 3. Forest Plot of WAT Intervention Association With Clinical Outcomes
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is advised when interpreting most of these findings. WAT interventions are a growing area of
research, with 80% of the included studies published in 2018 or later.

Our review findings are consistent with broader evidence supporting WAT interventions
increasing PA across different populations.19 While previous research on WAT interventions in clinical
groups has mainly focused on community and outpatient settings, evidence consistently shows
improved clinical outcomes, such as aerobic capacity in patients undergoing cardiac rehabilitation39

and various cardiometabolic health biomarkers in various chronic diseases.40,41 Our findings extends
this evidence by suggesting that WAT interventions are also associated with higher PA and improved
physical function in populations who are hospitalized. A mean difference of 826 steps per day is
substantial, given that increasing daily step counts by even 250 to 500 steps have been associated
with reduced risk for adverse hospital outcomes.42 Similarly, Agmon et al13 identified 900 total daily
steps as a threshold for reducing the risk of hospitalization-acquired functional decline; the additional
826 steps per day identified in this study would almost certainly shift patients into the more than
900 steps per day range. While less specific thresholds for active time have been identified, many
older adults who are hospitalized only spend 45 minutes per day walking or standing,3 so a mean
difference of 9.75 active minutes per day appears to be a considerable difference in active time
achieved by patients who are hospitalized. This shows promise for using WATs to increase PA and
improve patient recovery during hospitalization. As research in this area continues to grow, larger,
high-quality trials are needed to strengthen the evidence base.

While the studies included in this review used slightly different definitions and instruments to
measure physical function, all instruments included some measure of gait speed as a component.

Figure 4. Forest Plot of WAT Intervention Association With Efficiency Outcomes
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57.721 1745 48Dall et al,25 2019 1.32 (0.80 to 2.16)

38.88 11128 127Peel et al,30 2016 0.72 (0.30 to 1.73)

3.51 181 82Van der Walt et al,36 2018 1.01 (0.06 to 15.91)

100254 30 257 29Total (95% CI) 1.08 (0.70 to 1.66)

Risk of readmissionB

Readmission
events, No.

Intervention group Control group

0.05 201 100.2
Risk ratio (95% CI)

5

Boxes indicate standardized mean differences (SMDs) and risk ratios, with larger boxes reflecting greater weight; horizontal lines indicate 95% CIs; diamonds indicate pooled means
or risk ratios, with right and left points indicating 95% CI.
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Gait speed is understood to be a useful predictor of survival and disability in older adults,43 with
increases of just 0.1 m/s associated with a 12% lower risk of mortality at a minimum of 5-year
follow-up.44 Therefore, even small improvements in physical function associated with WAT
interventions during a hospitalization could have substantial benefits for patients. Considering the
broader evidence base regarding PA and physical function, it is unsurprising that WAT interventions
appear to improve patient physical function during hospitalization. Low levels of PA in patients who
are hospitalized are associated with functional decline and increased disability,4-6 with interventions
demonstrating greater improvements in physical function compared to usual care.45 Similar
associations have been shown in other clinical populations, including hip fracture,46 older adults with
frailty,47 and cancer survivors.48 Although pain and mental health showed no significant association,
very few studies reported on these outcomes, and effect sizes were favorable. Further research on
WAT interventions and clinical outcomes, as well as exploring outcomes in different populations, is
warranted. Future work may also extend interventions beyond discharge for sustained impact on PA
and other clinical outcomes.

The finding that WAT interventions were not associated with reduced LOS or risk of readmission
may seem surprising in light of previous data link higher patient PA with improved hospital efficiency
outcomes.7-12 However, previous associations were found under observational conditions, not
experimental conditions. Similarly, the systematic review of Taylor et al17 found no association of
hospital-based PA interventions on LOS. It is possible that the association between patient PA and
LOS or readmission is correlational rather than causal because the decision to discharge a patient is
influenced by various factors, including physical function, home and social support, and hospital-
specific criteria. Similarly, readmission is also likely to be associated with various factors not
addressed by WAT interventions, such as previous hospitalization, medication use and adherence,
living arrangements, social support, overall health status, and socioeconomic status.49-52 Further
exploration of the economic outcomes associated with WAT interventions in patients who are
hospitalized is needed to better understand their costs and benefits.

Limitations
This study had limitations. The results of our study are limited by the state of the current body of
evidence, with only 15 studies identified, most of which involved small samples. Confidence in the
overall findings is limited given the small number of included studies. Furthermore, the relatively
small evidence base restricted our ability to elucidate the association of variations across studies (eg,
populations and intervention characteristics). In particular, limited data were available for clinical
outcomes and readmission, with insufficient data for meta-analysis on other clinical and efficiency
outcomes (ie, activities of daily living, discharge to higher levels of care). It is possible that more data
would reveal additional or different findings.

Conclusion

This systematic review and meta-analysis found that using WATs during hospitalization is associated
with higher patient PA and less SB, along with modest improvements in physical function. Although
no association was observed with hospital efficiency outcomes, the growing body of evidence
suggests that WATs hold promise for improving patient activity and supporting recovery during
hospitalization. As health care becomes increasingly digitized, further exploration of the clinical
outcomes and cost-effectiveness of WATs in different groups who are hospitalized will be crucial for
guiding their use and maximizing their potential benefits.
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