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Abstract
Background
Promoting physical activity (PA) in patients during and/or after an inpatient stay appears important but challenging. Interventions using activity trackers seem promising to increase PA and enhance recovery of physical functioning.

Objective
To review the effectiveness of physical activity interventions using activity trackers on improving PA and physical functioning, compared to usual care in patients during and/or after inpatient care. In addition, it was determined whether the following intervention characteristics increase the effectiveness of these interventions: the number of behaviour change techniques (BCTs) used, the use of a theoretical model or the addition of coaching by a health professional.

Design
Systematic review and meta-analysis.

Data Sources
PubMed, EMBASE, Cinahl, SportDiscus and Web of Science databases were searched in March 2020 and updated in March 2021.

Eligibility criteria for selecting studies
Randomized controlled trials (RCTs) including interventions using activity trackers and feedback on PA in adult patients during, or less than 3 months after, hospitalization or inpatient rehabilitation.

Methods
Following database search and title and abstract screening, articles were screened on full text for eligibility and then assessed for risk of bias by using the Physiotherapy Evidence Database (PEDro) scale. Meta-analyses, including subgroup analysis on intervention characteristics, were conducted for the outcomes PA and physical functioning.

Results
Overall, 21 RCTs totalling 2355 patients were included. The trials covered a variety of clinical areas. There was considerable heterogeneity between studies. For the 13 studies that measured PA as an outcome variable(N = 1435), a significant small positive effect in favour of the intervention was found (standardized mean difference (SMD) = 0.34; 95%CI 0.12–0.56). For the 13 studies that measured physical functioning as an outcome variable (N = 1415) no significant effect was found (SMD = 0.09; 95%CI -0.02 - 0.19). Effectiveness on PA seems to improve by providing the intervention both during and after the inpatient period and by using a theoretical model, multiple BCTs and coaching by a health professional.

Conclusion
Interventions using activity trackers during and/or after inpatient care can be effective in increasing the level of PA. However, these improvements did not necessarily translate into improvements in physical functioning. Several intervention characteristics were found to increase the effectiveness of PA interventions.

Trial registration
Registered in PROSPERO (CRD42020175977) on March 23th, 2020.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12966-022-01261-9.
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Introduction
Admission to a hospital or rehabilitation centre often leads to a decline in physical functioning [1–4]. This may be caused by the initial disease or medical treatment, but also by a reduction in physical activity (PA). It has been shown that increasing PA during or after inpatient care is effective in improving recovery in physical functioning [2, 5–8]. However, stimulating PA in patients during and after an inpatient stay appears to be challenging because healthcare professionals may have insufficient time and patients may experience physical discomfort or lack of motivation [9–12]. Therefore, extra support to increase PA levels is desired [13].
Activity trackers are wearable devices to monitor PA and are commonly used in interventions to stimulate PA [14–18]. In various patient populations, for example in patients with COPD or with rheumatic and musculoskeletal diseases, the use of activity trackers was found effective in increasing PA [14–18]. The evidence of effectiveness of interventions with activity trackers on physical functioning has been studied less and is conflicting [16, 17].
The use of interventions with activity trackers during or after inpatient care is expected to be effective, because an inpatient period, for example after oncological surgery or after a neurological event, can be considered as a “teachable moment”: a time frame following a health event which a patients is most conducive to behavioural change [19, 20]. However, the effectiveness of PA interventions with activity trackers during or after admission to a hospital or rehabilitation centre has not been summarized systematically to date.
There is a wide variation in interventions with activity trackers. It is therefore important to identify which intervention characteristics have the highest effect on increasing patients’ PA. To systematically describe, develop and test active elements of behavioural health interventions a taxonomy of behaviour change techniques (BCTs) has been developed [21]. BCTs are “observable, replicable and irreducible components of an intervention designed to alter or redirect causal processes that regulate behaviour” [21]. Interventions with activity trackers often contain several BCTs [22]. However, there is insufficient evidence about the potential for the use of BCTs to improve the effectiveness of an intervention in patients during or after inpatien care.
Besides BCTs, there is evidence for the use of a theoretical model, e.g. the Trans theoretical Model (TTM), the Social Cognitive Theory (SCT) or the self-efficacy theory [23–26]. Theory-based interventions are expected to be more effective because they tend to be better substantiated and more carefully described and carried out. In addition, the engagement of coaching from a health professional during the intervention may also influence the impact on the targeted behaviour (PA) [27]. It is expected that a health professional having insight into the level of PA will be more motivating to the patient and PA goals can be better adjusted by the health professional during the intervention.
The primary aim of this study was to review the effectiveness of physical activity interventions using activity trackers on PA and physical functioning, compared to usual care in patients during or after inpatient care. The secondary aim was to determine whether the following intervention characteristics increase the effectiveness of these interventions: the number of BCTs used, the use of a theoretical model or the addition of coaching by a health professional.
Methods
Protocol and registration
The review protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO) at https://​www.​crd.​york.​ac.​uk/​prospero/​ (registration number CRD42020175977, submitted on March 23th, 2020). This review applies a systematic approach according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) updated guideline [28].
Search strategy
A systematic literature search was conducted in March 2020 and updated on 3 March 2021, using the databases PubMed, EMbase.​com, Ebsco/CINAHL, Ebsco/SportDiscus and Clarivate Analytics/Web of Science Core Collection (by MEL and JCFK). The search strategy included the following search terms and their synonyms: (1) inpatient period, (2) activity trackers and (3) adult patients. The full search string is presented in Electronic Supplementary Material Table S1. The reference lists of the included studies were checked to detect additional articles.
Study selection
The software program ‘Rayyan’ was used for the study selection. The studies were independently screened by two reviewers (ML and PB), first on title and abstract and second on full text, to assess eligibility for inclusion. The reviewers were blinded to each other’s decisions. If necessary, final judgement about the eligibility was made by a third reviewer (MvdL).
Eligibility criteria
Type of studies
Randomized controlled trials about interventions with the use of activity trackers and feedback on PA level were included. No restrictions concerning the language or year of publication were used.
Type of participants
The target population for this review were adults during or less than 3 months after hospitalization or inpatient rehabilitation. No restrictions were made for the medical reason of the inpatient period.
Type of intervention
All studies with an intervention that included (1) an objective measurement of PA with the use of an activity tracker (e.g. accelerometer or pedometer) and (2) feedback on PA level for the participant (e.g. visual feedback from the activity tracker or feedback from a therapist), alone, or in combination with other interventions, were included. Studies that only used activity trackers to measure activity of the upper body were excluded from this review.
Type of control group
Usual care or an intervention with activity trackers without any form of feedback on PA level.
Type of outcomes
The main outcomes of this review were PA and physical functioning. For this study, we used the definition of physical activity defined by the World Health Organization (WHO), i.e. any bodily movement produced by skeletal muscles that requires energy expenditure [29]. Up until now there is no consensus on the definition of physical functioning. For this study, physical functioning was defined as the ability to perform both basic and instrumental activities of daily living, this definition is more often used in other studies [30]. Studies were eligible if they had included an objectively measured outcome of PA (i.e. steps per day or active minutes per day) or if they had measured physical functioning by means of performance-based measures or by patient-reported measures (PROM) of function.
Data extraction
The following study characteristics were extracted from the included RCTs: author, year of publication, study population, group characteristics, setting, description of the intervention, intervention characteristics, description of the control group and outcome measures of the primary outcomes for this review. The following intervention characteristics were extracted: duration, coaching by a health professional during the intervention (yes/no), theory mentioned (e.g. social cognitive theory)(yes/no) and type of activity tracker. If an article reported multiple comparisons, we only extracted data from the groups of interest. For the outcome PA, we extracted steps per day if available. We had chosen for steps/day because this is the most common used outcome for PA and is currently the most convenient to interpret. When this data was not available, we extracted another outcome measured with the accelerometer (e.g. active minutes per day). For the outcome physical functioning, we had chosen to extract the most task-specific test (e.g. Short Physical Performance Battery rather than a muscle strength test), because task-specific tests are more indicative of patients ADL-functioning. The data was extracted by one reviewer and verified by a second reviewer. Disagreements were resolved by discussion.
Coding of behaviour change techniques
The BCT taxonomy (v1) of 93 hierarchically cluster techniques from Michie et al. was used to identify and code the BCTs reported in the intervention [21]. The most comprehensive description of the intervention was used (e.g. study protocol). Coding was carried out by one reviewer (ML) and a second independent reviewer (PB) double coded a random 20% of all descriptions to check for reliability. Disagreements were resolved via discussion. Cohen’s kappa was used to measure the agreement between the reviewers. Both reviewers completed the BCT taxonomy v1 Online Training. The BCTs in the intervention and control group were identified separately and only the BCTs exclusively used in the intervention group were extracted. In addition, the total number of BCTs used in the intervention were recorded.
Evaluation of the methodological quality
The Physiotherapy Evidence Database (PEDro) scale was used to assess the methodological quality of the individual studies. The PEDro scale is a valid and reliable tool for assessing methodological quality of clinical trials and randomized controlled trials [31, 32]. The PEDro scale consists of 11 items; eight items (item 2–9) are used to asses internal validity and two (item 10–11) items are used to assess interpretability of the results. The first item, which assesses the external validity, is excluded in calculating the total score (following the methods of the PEDro score) [33]. Therefore, the score ranges from 0 to 10 points. A higher score indicates a lower risk of bias. Trials with a score of ≥6 were considered as ‘low risk’ of bias. Trials were considered as ‘high risk’ of bias if they had a score < 6 [32]. Quality assessment was independently conducted by two reviewers. Disagreement between the reviewers was discusses with a third reviewer (MvdL). Cohen’s kappa was used to measure the agreement between the reviewers.
Data analysis
Outcomes of the studies were collected at baseline, during the intervention, post-intervention (within 1 month after the end of the intervention period) and long term follow up if available. Outcomes not included in the meta-analyses were presented descriptively.
Meta-analysis
A meta-analysis was conducted for the post-intervention outcomes of PA and physical functioning. The studies varied in the use of statistics and reporting of the effect sizes. The mean difference and standard deviation (SD) between baseline and post-intervention were extracted. If not reported in the study results, the mean difference and SD were calculated. In case data was missing to calculate the mean difference, authors were contacted. If only median and interquartile ranges (IQR) were reported, the sample mean and standard deviation were estimated following the method of Wan et al. [34].
The software program Review Manager (version 5.3.5) was used to conduct the meta-analysis. Included studies were assessed on statistical and clinical heterogeneity by inspection of the forest plots and the I2 statistics. If no considerable between-group statistical or clinical heterogeneity was detected, the fixed effects model was used; otherwise, a random effects model was used. Meta-analysis was performed to calculate the pooled treatment effect size with a 95% confidence interval for both outcomes. Results were visually presented using forest plots. An effect size of 0.2 was considered as small, 0.5 as moderate and 0.8 or higher as large [35]. A funnel plot and Egger’s regression test was used to assess the presence of publication bias. If Egger’s regression test shows a significance level ≤ 0.05, there is a high probability of publication bias. Leave-one-out sensitivity analysis was conducted in order to confirm that the results were not driven by any single study.
Subgroup-analyses
For this review a broad population has been included, therefore the different study populations were expected to be heterogeneous. To explore the contribution of different study characteristics on the overall outcome, pre-specified subgroup analyses were conducted for the following possible moderators: (1) setting (hospitalization vs rehabilitation), (2) period of intervention (during and/or after the inpatient period), (3) duration of the intervention (≤3 months or > 3 months) and the age group of the participants (mean age ≤ 60 years or mean age > 60 years). In addition, subgroup analyses were performed on methodological quality (low risk of bias vs. high risk of bias) to explore if the methodological quality has affected the overall effect size. Cochrane’s Q test was performed to test whether there was a significant moderation effect (p < 0.05).
Given the small number of included studies and the large variety in combination of coded BCTs, it was not possible to determine the effect of combinations of different BCTs using meta-regression. It was decided not to perform sub-analysis of individual BCTs, because it is suggested that a combination of different BCTs is more important than the effect of a single BCT [36]. Therefore, subgroup analyses were conducted in the following intervention characteristics: (1) number of BCTs used in the intervention, theory-based interventions (yes/no) and (3) coaching by a health professional (yes/no). The cut-off value for the subgroup analysis of the number BCTs was determined by the mean number of BCTs used in the included studies. In addition, it was investigated how the use of BCTs differed between these subgroups.
Results
Study selection
After removing duplicates from the initial search, a total of 7457 articles were screened on title and abstract. Of the 128 articles screened on full-text, 107 articles were excluded. Reasons for exclusion are shown in the flow diagram (Fig. 1). A total of 21 RCTs were included in this review, totalling 2355 patients.[image: ]
Fig. 1Flow diagram of selected studies (PRISMA)


Study characteristics
With the exception of the study of Izawa et al. (2005) [37], all trials were published between 2011 and 2020. The number of participants per study ranged from 30 to 344. The following patient populations were present in the included studies: patients with neurological diseases [38–42], patients with cardiovascular diseases [37, 43–45], patients after orthopaedic surgery [46–50], patients after abdominal surgery [51, 52], oncological patients [53], patients with COPD [54], patients after bariatric surgery [55], older patients admitted to post-acute care rehabilitation [56] and patients with low functional independence [57]. Eight trials were performed during the inpatient period, eight after the inpatient period and five trials both during and after the inpatient period. Eleven trials were performed during and/or after hospitalization, ten trials were performed during and/or after inpatient rehabilitation. Other study characteristics are presented in Table 1.Table 1Characteristics of included RCT’s


	Author (year)
	Population
	Group characteristics, sample size; n, male; n(%), age; mean ±SD
	Setting
	Intervention
	Control
	PA outcome measure(s)a

	PF performance-based outcome measure(s)a

	PF patient reported outcome measurea

	Short conclusion

	Descriptive
	duration
	Coaching by  a health professional
	Theory used
	Type of activity tracker

	Atkins (2019)
[57]
	Patients with lower initial function independence measure scores and longer anticipated length of stay.
	Intervention:
n = 39, 20 (51),  74 ± 17
Control:
n = 39, 12 (31), 78 ± 18
	During inpatient rehabilitation
	Usual care + pedometer with feedback on step count
	1 month*
	No
	NA
	Yamax Digiwalker SW200 pedometer
	Usual care + pedometer without feedback on step count.
	
aSteps/day (D)

Daily upright time
	
aMorton mobility index (DEMMI) (P)

	NA
	Pedometers without targets do not improve functional mobility

	Brandes (2018)
[46]
	Patients after primary, unilateral joint replacement due to knee or hip osteoarthritis
	Intervention:
n = 23, 11 (48), 71 ± NA
Control:
n = 26, 12 (46),
70 ± NA
	During inpatient rehabilitation
	Usual care + activity tracker  with physical activity counselling with tailored approach by adding +5% in daily steps compared to the previous days
	3 weeks*
	Yes (RL)
	NA
	Step Activity Monitor 3.0
	Usual care
	
aSteps/day


a(P, FU)

Active minutes/day
Inactive time
	NA
	
aOxford hip/knee score (P, FU)

	PA counselling during inpatient rehabilitation did not improve PA or functional outcomes

	Christiansen (2020)
[49]
	Patients after a unilateral total knee replacement
	Intervention:
n=20, 12 (60), 66.5 ± 6.9
Control:
n=23, 8 (35), 67.5 ± 7.2
	After hospital discharge
	Usual outpatient physiotherapy care + activity tracker with weekly steps/day goal and monthly follow-up calls
	10 weeks outpatient physiotherapy* + 6 months follow up
	Yes (RL+OD)
	NA
	Fitbit Zip
	Usual outpatient physiotherapy care
	
aSteps/day


a(P, FU)

Minutes in moderate – vigorous PA
	NA
	NA
	A PA intervention with supervision is feasible and may increase PA

	Creel (2016)
[55]
	Patients after bariatric surgery
	Intervention 1:
n = 52, 8 (15), 42 ± 11
Intervention 2:
n = 48, 8 (17), 44 ± 12
Control:
n = 50, 8 (16), 44 ± 11
	After hospital discharge
	1)Pedometer intervention: Usual care + Pedometer + information sheet to increase PA to 10.000 steps/day
2)Counseling intervention:  Usual care + Pedometer + exercise counseling with Motivational Interviewing (MI)
	6 months
	1)No
2)Yes (RL)
	1)NA
2)Self-determination theory
	Omron HJ 113 pedometer
	Usual care
	
aSteps/day


a(D, P)

% time spent in sedentary activity
	
aSubmaximal graded exercise test (P)

	NA
	A counselling intervention using pedometers increased PA in the perioperative period

	Dorsch (2015)
[38]
	Patients with stroke
	Intervention:
n = 78, 31 (40), 62 ± 16
Control:
n = 73, 28 (38), 65 ± 13
	During inpatient rehabilitation
	Speed feedback + results and feedback on their summary activity graphs with a therapist
	21 days*
	Yes (RL)
	NA
	Tri-axial accelerometer (Gulf Coast Data Concepts)
	Speed feedback only:
verbal feedback about walking speed after 10m walking test.
	
aTime spent walking (P)

	
a3-minute walking test (P)

150m walking speed test
	NA
	Augmented feedback did not improve walking outcomes

	Frederix (2015)
[43]
	Patients with acute coronary syndrome after a percutaneous coronary intervention or coronary artery bypass graft
	Intervention:
n = 32, 26 (81), 58 ± 9
Control:
n = 34, 29 (85), 63 ± 10
	During phase II cardiac rehabilitation.
	Exercise training at home with telemonitoring support with accelerometers to encourage patients to increase his/her daily amount of steps wit 10% each week from baseline.
	18 weeks
	No
	NA
	Triaxial accelerometer (Yorbody company)
	Exercise training in the hospital’s rehabilitation centre
	NA
	
aMaximal cardio-pulmonary exercise test (P)

	NA
	PA monitoring might be effective to maintain exercise tolerance

	Hassett (2020)
[42]
	Adults with mobility limitations undertaking aged care and neurological inpatient rehabilitation
	Intervention:
n = 149, 77 (52), 70 ± 18
Control:
n = 151, 74 (49), 73 ± 15
	During and after inpatient rehabilitation
	Usual care + activity monitor, virtual reality video games and handheld computer devices with support by a physiotherapist
	6 months
	Yes (RL+OD)
	NA
	Fitbit Zip, One and Alta
	Usual care
	
aSteps/day (D,P)

Time spent walking/day
% of the day spent upright
	
aShort Physical Performance Battery (SPPB) (P)

DEMMI
Step test
	NA
	The use of digitally enabled rehabilitation improved mobility

	Hornikx (2015)
[54]
	Patients with COPD, hospitalized for an exacerbation of COPD
	Intervention:
n = 15, 8 (53),  66 ± 7
Control:
n = 15, 9 (60), 68 ± 6
	After hospital discharge
	Pedometer + physical activity counselling with personalized goals
	1 month
	Yes (OD)
	NA
	Fitbit Ultra pedometer
	Usual care
	
aSteps/day (P)

Time spent walking/day
	
aSix minutes walking test (P)

Quadriceps muscle strength
	NA
	PA counselling with pedometer feedback did not improve PA or clinical outcomes

	Houle (2011)
[44]
	Patients < 80 years hospitalized for an acute coronary syndrome
	Intervention:
n = 32, 26 (81), 58 ± 8
Control:
n = 33, 25 (76), 59 ± 9
	After hospital discharge
	Home based cardiac rehabilitation program + pedometer + exercise counseling by clinical nurse specialist with a target of 3000 steps per day increment in physical activity
	12 months
	Yes (RL+OD)
	Social Cognitive theory
	Yamax Digiwalker SW-200
	Usual care
	
aSteps/day


a(D, P)

	NA
	NA
	A pedometer intervention was useful to improve average steps/day

	Izawa (2005)
[37]
	Patients after completion of an acute-phase inpatient cardiac rehabilitation program
	Intervention:
n = 24, 21 (88), 64 ± 10
Control:
n = 21, 17 (81), 65 ± 10
	After inpatient rehabilitation
	Usual care + self-monitoring of physical activity with feedback from a physical therapist
	5 months
	Yes (RL)
	Bandura’s self-efficacy theory
	Kenz Liferecorder pedometer
	Usual care
	Steps/day (FU)
	
aCardio-pulmonary exercise test (P)

Hand grip strength
Quadriceps muscle strength
	NA
	Self-monitoring of PA may effectively increase PA

	Izawa (2012)
[45]
	Consecutive cardiovascular patients
	Intervention:
n = 52, 41 (79), 59 ± 8
Control:
n = 51, 42 (82), 59 ± 13
	During hospitalization until the first outpatient contact with a physician after discharge.
	Usual care + self-monitoring of physical activity with feedback from a physical therapist
	7 weeks*
	Yes (RL)
	Self-efficacy theory of Bandura and Oka
	Kenz Lifecorder EX 1-axial accelerometer
	Usual care
	
aSteps/day (P)

	NA
	NA
	Self-monitoring of PA might effectively increase PA

	Kanai (2018)
[39]
	Patients with acute ischemic stroke
	Intervention:
n = 23, 15 (65), 67 ± 10
Control:
n = 25, 13 (52), 63 ± 9
	During hospitalization
	Usual care + self-monitoring of physical activity with feedback from a physical therapist
	12 days*
	Yes (RL)
	Self-efficacy theory of Bandura
	Fitbit One
	Usual care
	
aSteps/day (P)

	NA
	NA
	Exercise training with accelerometer-based feedback effectively increased PA

	Lawrie (2018)
[40]
	Patients with recent stroke during rehabilitation
	Intervention:
n = 14, 10 (71), 53 ± 12
Control:
n = 16, 13 (81), 62 ± 12
	During inpatient rehabilitation
	Usual care + smartwatch with visual feedback and a set goals based on a 5% increase in the total activity.
	3 weeks*
	No
	NA
	ZGPAX S8 Android smartwatch
	Usual care + smartwatch with limited visual feedback without goal setting.
	NA
	
aBarthel Index (P)

10m walk test
Hand grip strength
	NA
	No effect was found on functional outcome

	Mansfield (2015)
[41]
	Patients with sub-acute stroke attending inpatient rehabilitation
	Intervention:
n =29, 20 (69), 64 ± 19
Control:
n = 28, 16 (57), 62 ± 13
	During inpatient rehabilitation
	Usual care + accelerometer-based daily walking activity reports with feedback from a physical therapist
	2 weeks*
	Yes (RL)
	NA
	Two tri-axial accelerometers (Gulf Data Concepts)
	Usual care
	
aSteps/day (P)

Time spent walking/day
	
a6-meter walk test (P)

	NA
	Feedback did not increase the amount of walking

	Mehta (2020)
[50]
	Patients after hip or knee arthroplasty
	Intervention:
n=118, 38 (24), median age 66 (IQR 60-73)
Control:
n=124, 25 (20), median age 66 (IQR 57-73)
	After hospital discharge
	1) Intervention A: Usual care + remote monitoring alone
2)Intervention B: Usual care + remote monitoring with gamification and social support
	45 days
	1)No
2)No
	NA
	Withings physical activity monitor
	Usual care
	NA
	aTimed up and Go test (P)

	NA
	PA monitoring did not improve functional outcomes

	Moller (2015)
[53]
	Inactive patients with breast or colon cancer referred to adjuvant chemotherapy
	Intervention:
n = 14, 1 (7),
48 ± 8
Control:
n = 16, 2 (13), 47 ± 9
	After surgery, during adjuvant chemotherapy
	Usual care + Home-based individual progressive pedometer intervention with health promotion counselling and symptom management by a clinical nurse specialist
	12 weeks
	Yes (RL)
	NA
	Omron Walking Style Pro pedometer
	Usual care
	NA
	
aCardio-respiratory fitness test (P)

Muscle strength (leg press and chest press)
	NA
	No effect was found on functional outcomes

	Peel (2016)
[56]
	Patients admitted to post-acute care rehabilitation (aged 60 years and older)
	Intervention:
n = 128, 50 (39), 81 ± 9
Control:
n = 127, 57 (45), 82 ± 8
	During inpatient rehabilitation
	Usual care + accelerometer based feedback and goal setting on daily walking time by therapist
	4 weeks
	Yes (RL)
	NA
	Triaxial ALIVE Heart and Activity Monitors and ActivPAL
	Usual care
	
aNon-therapy walking time


a(D, P)

	
aShort Physical Performance Battery (SPPB) (P)

	NA
	Daily feedback on PA using accelerometers increased walking time

	Pol (2019)
[47]
	Patients > 65 years old after hip fracture
	Intervention:
n =76, 11 (14), 84 ± 7
Control:
n =87, 21 (24), 83 ± 7
	During and after institutional-ization in a skilled nursing facility
	Usual occupational care + Cognitive Behavioural Treatment (CBT) + sensor monitoring
	4 months
	Yes (RL)
	Self-efficacy theory of Bandura
	PAM AM300
	Usual occupational care + CBT
	NA
	
aPerformed-Oriented Mobility Assessment (POMA)


a(P, FU)

Timed up and Go test
	
aCanadian Occupational Performance Measure (COPM) – performance scale (P, FU)

	Sensor monitoring occupation therapy was more effective in improving patient reported daily functioning than usual care

	Van der Meij (2018)
[51]
	Adult patients scheduled for laparoscopic adnexal surgery, laparoscopic or open hernia inguinal surgery or laparoscopic cholecystectomy
	Intervention:
n = 173, 78 (45), 52 ± NA
Control:
n = 171, 79 (46), 51 ± NA
	During and after hospitalization
	Usual care + Personalized E-health program including self-monitoring on PA
	6 weeks
	Yes (OD)
	NA
	UP MOVE, Jawbone
	Usual care
	NA
	NA
	
aPatient Reported Outcomes Measurement Information System (PROMIS) – Physical Functioning


a(P)

	A personalised e-health program speeds up the return to normal activities compared to usual care

	Van der Walt (2018)
[48]
	Adults undergoing primary elective hip or knee arthroplasty
	Intervention:
n = 81, 45 (56), 67 ± 9
Control:
n = 82, 36 (44), 66 ± 9
	During and after hospitalization
	Usual care + activity tracker with daily step goals
	6 weeks
	No
	NA
	Garmin Vivofit 2
	Usual care + activity tracker with obscured display
	
a% of preoperative step count


a(D, P, FU)

	NA
	Knee Injury and osteoarthritis outcome score (KOOS) (FU)
	Patients who received feedback from a activity tracker had significant higher activity levels

	Wolk (2019)
[52]
	Patients scheduled for elective open and laparoscopic surgery of the colon, rectum, stomach, pancreas or liver.
	Intervention:
n = 27, 16 (59),
61 ± 10
Control:
n = 27, 19 (70), 56 ± 11.1
	During the first 5 postoperative days
	Usual care + activity trackers with daily step goals
	5 days
	No
	NA
	Polar Loop activity tracker
	Usual care + activity tracker with obscured display
	
aSteps/day (P)

	 	 	 


NA not applicable, *dependent on admission time, RL real life, OD on distance, D during the intervention, P post-intervention, FU long term follow up, aBold = included in meta-analysis



BCT coding
Overall, 20 of the 93 BCTs were coded exclusively in the intervention group compared to the control group. In two studies, two different interventions were included in the analyses; these interventions were coded on BCTs separately [50, 55]. Cohen’s kappa between both reviewers (ML & PB) was 0.93. One BCT was coded by the second reviewer, who checked 20% of the trials, which was not coded by the first reviewer. Therefore, all other trials were checked again for that specific BCT. Overall, an agreement between the reviewers was reached.
The amount of BCTs used in the included interventions ranged from 1 to 12, with a mean of 6.2 (SD = 2.96). The BCT feedback on behaviour was used in all interventions (n = 23). Other commonly used BCTs were goal setting (behaviour)(n = 15), action planning (n = 12), self-monitoring of behaviour (n = 15), graded tasks (n = 12) and adding objects to the environment (n = 15). An overview of the coded BCT per intervention is presented in Electronic Supplementary Material Table S2.
Methodological quality
The results of the Risk of Bias assessment are presented in Table 2. Cohen’s kappa between both reviewers was 0.79 (ML & PB). After discussion, full consensus was reached between both reviewers. The PEDro score of the included trials ranged from 3 to 8. Thirteen trials were judged as low risk of bias and eight trials as high risk of bias. With the exception of one trial [55], all studies had clearly specified the eligibility criteria. The study of Brandes et al. (2018) performed a pseudo-randomization and was therefore negatively assessed on the randomization procedure. Blinding of participants and therapists was not possible in any study due to the intervention setting.Table 2Risk of bias assessment of included studies (n = 21)


[image: ]


Primary outcomes
Physical activity
Of the 21 included studies, 15 studies measured the effect of the intervention on objectively measured PA [37–39, 41, 42, 44–46, 48, 49, 52, 54–57]. The most frequent outcome measure of PA was steps per day, which was used in 11 studies [37, 39, 41, 42, 44–46, 49, 54, 55, 57]. Other outcome measures of PA were time spent walking [38], non-therapy walking time [56], percentage of preoperative step count at follow up [48] and mean step count during the first five postoperative days [52]. Six studies reported PA during the intervention of which five studies showed a significant positive effect in favour of the intervention group compared to the control group [48, 55–58]. The post-intervention outcome was reported in 13 studies; seven studies showed a significant positive effect in favour of the intervention group [39, 44, 45, 48, 49, 55, 56] and one study showed a significant positive effect in favour of the control group [52]. Four studies reported a long-term follow up of 6 months after intervention: three studies reported a significant positive effect in favour of the intervention group [37, 48, 49].
Meta-analysis was conducted for the mean difference between baseline and post-intervention comparing the intervention and control group, for which 13 studies provided data. Of these, only four studies reported the mean difference between baseline and post-intervention [38, 48, 52, 54], therefore the mean difference had to be calculated for the other studies. Three authors were contacted with success, because data to measure the mean difference was not available [48, 55, 56]. In the study of Creel et al. [55] and the study of Wolk et al. [52], data analysis was performed in two different population groups: these groups have been included separate in the meta-analysis.
Data was pooled in a random effects meta-analysis using data from 1435 participants (729 intervention/706 control). The model resulted in an overall estimated effect size in terms of standardized mean difference (SMD) of 0.34 (95%CI 0.12; 0.56) indicating a significant effect in favour of the intervention group (p = 0.002). The level of heterogeneity (I2) was 73% (Fig. 2). The Funnel plot is presented in Electronic Supplementary Material Fig. S1. Egger’s regression test indicated no significant asymmetry of the funnel plot (Egger’s Test = 0.205 p = 0.373). The SMD of Izawa et al. (2012) and Wolk et al. (open surgery) deviated the most from the overall effect size (SMD 1.42 and − 0.54, respectively). However, leave-one-out sensitivity analysis showed that the effect sizes remained within the 95%CI after iteratively removing both studies from analysis (SMD 0.26, 95%CI 0.09;0.43, p = 0.003 resp. SMD 0.40, 95%CI 0.19; 0.60, p = 0.0002).[image: ]
Fig. 2Forest plot for the outcome physical activity


Physical functioning (performance based)
A total of 13 trials reported a performance based outcome of physical functioning [37, 38, 40–43, 47, 50, 53–57]. The most common used outcome measure was peak oxygen uptake (peak VO2) measured during an cardiopulmonary exercise test and was reported in three studies [37, 43, 53]. Other outcome measures were the Short Physical Performance Battery [42, 56], 3 or 3 min walking distance [38, 54], the Morton Mobility Index [57], exercise tolerance (MET’s) [55], the Barthel Index [40], walking speed [41], the Performance-Oriented Mobility Assessment [47] and the Timed Up and Go test [50]. All studies reported post-intervention outcome of which three reported a significant positive effect in favour of the intervention group [41–43]. Only the study of Pol et al. reported a long term follow-up, but did not found a significant effect [47].
The mean difference was reported in two studies and had to be calculated for the other ten studies. The study of Creel et al. [55] included two different intervention groups (see Table 1), therefore these groups have been included separate in the meta-analysis. In the study of Moller et al. [53] data analysis was performed in two different population groups (colon and breast cancer). However, one group has been excluded for meta-analysis due to the low number of participants in both intervention and control group (n = 4). In the study of Mehta et al., only the median and IQR were reported, therefore the sample mean and SD were estimated as described in the method section. Data was pooled in a random effects model meta-analysis including 1415 participants (696 intervention/719 control). The model resulted in an overall estimated effect size in terms of standardized mean difference of 0.09 (95%CI -0.02; 0.20, I2 = 8%). No significant effect was found between groups (P = 0.11) (Fig. 3). Funnel plot (Electronic Supplementary Material Fig. S2) and Egger’s regression test indicated that publication bias was unlikely to have influenced de results (Egger’s Test = − 0,063; p = 0.914).[image: ]
Fig. 3Forest plot for outcome performance based physical functioning


Physical functioning (patient reported)
Four studies reported a PROM of physical functioning [46–48, 51]. The study of Brandes et al. used the Oxford knee/hip score as outcome, but did not find a significant difference between the intervention and control group post-intervention or at 6 months follow up [46]. Also in the study of Van der Walt et al., no significant effect was found at 6 months follow up on the Knee Injury and Osteoarthritis Outcome Score [48]. On the other hand, a significant positive treatment effect was found on the Canadian Occupational Performance Measure (COPM) post intervention and at 6 months follow-up in the study of Pol et al. [47] In the study of van der Meij et al., a significant positive effect on the median days return to normal activities, measured with the Patient Reported Outcomes Measurement Information System – Physical Functioning (PROMIS-PF), was found in favour of the intervention group [51]. However, no significant difference between groups was found in the PROMIS-PF post-intervention compared to baseline.
Overall, meta-analysis of patient reported outcome of physical functioning post-intervention using a random effects model resulted in an overall estimated effect size of 0.15 (95% CI -0.18; 0.47) (Fig. 4). A funnel plot and Eggers test was not performed because of the low number of included studies.[image: ]
Fig. 4Forest plot for patient reported outcome measure of physical functioning


Subgroup analysis study characteristics
Meta-analysis for PA presented high heterogeneity (73%, see Fig. 2), therefore subgroup analyses were conducted to explore the contribution of different study characteristics on the overall effect. No significant differences were found between subgroups (Table 3). However, interventions that took place both during and after the inpatient period showed a high significant effect in favour of the intervention group (SMD = 0.71, 95%CI 0.13;1.29), whereas interventions that only took place during or after the inpatient period did not reveal significant effects (SMD = 0.21, 95%CI -0.07; 0.48 resp. SMD = 0.26, 95%CI -0.11; 0.64). This also applies for the age group, however differences in effect sizes were less in these groups (Table 3). Methodological quality had no significant effect on effect size (p = 0.97): studies with a higher risk of bias did not result in different effect sizes.Table 3Subgroup analysis study characteristics


	Study characteristics
	Outcome PA (n = 15)

	n
	Combined sample size
	Pooled mean SMD (95% CI)
	Q
	p

	Setting
	 	 	 	0.88
	0.35

	 Hospitalization
	10
	683
	0.43 (0.06; 0.79)*
	 	 
	 Rehabilitation
	5
	752
	0.24 (0.10; 0.38)*
	 	 
	Period
	 	 	 	2.38
	0.30

	 During
	7
	640
	0.21 (−0.07; 0.48)
	 	 
	 After
	5
	272
	0.26 (−0.11; 0.64)
	 	 
	 During and after
	3
	523
	0.71 (0.13; 1.29)*
	 	 
	Duration of the intervention
	 	0.04
	0.84

	 ≤3 months
	10
	920
	0.35 (0.04; 0.66)*
	 	 
	 > 3 months
	5
	515
	0.31 (0.02; 0.60)*
	 	 
	Age group
	 	 	 	0.00
	0.95

	 Mean age ≤ 60 years
	6
	422
	0.34 (−0.23; 0.91)
	 	 
	 Mean age > 60 years
	9
	1013
	0.32 (0.16; 0.48)*
	 	 
	Risk of Bias
	 	 	 	0.00
	0.97

	 Low risk
	10
	1146
	0.32 (0.15; 0.49)*
	 	 
	 High risk
	5
	289
	0.31 (−0.42; 1.04)
	 	 

*p < 0.05, Q = cochrane’s Q



Subgroup analysis for the outcome performance based and patient reported physical functioning were not conducted, because the meta-analysis either presented low heterogeneity (I2 = 8%) or included a low number of studies.
Subgroup analysis intervention characteristics
The mean number of BCTs in the included interventions was 6.4. Therefore, subgroup analysis was conducted for interventions with ≥7 BCTs and < 7 BCTs. Interventions with ≥7 BCTs showed an significant effect on PA (SMD = 0.60, 95%CI 0.18;1.02, p = 0.005), whereas interventions with < 7 BCTs did not (SMD = 0.18, 95%CI -0.04;0.39, p = 0.11). The forest plot is presented in Electronic Supplementary Material Fig. S3. The following BCTs were only used in the subgroup with ≥7 BCTs: problem solving (n = 5), instructions on how to perform a behavior (n = 3), information about health consequences (n = 1), information about social and environmental consequences (n = 1), social comparison (n = 1), prompts/cues (n = 3) and social reward (n = 2).
The SMD of theory-based interventions with activity trackers was higher (SMD = 0.66, 95%CI 0.14; 1.18, p = 0.01) compared to interventions without a theoretical model (SMD = 0.20. 95%CI -0.00; 0.40, p = 0.04)(Electronic Supplementary Material Fig. S4). The mean number of BCTs used in theory-based interventions was higher: 8.4 compared to 5.3. The BCTs that were exclusively coded in the subgroup with theory-based interventions were: information about health consequences (n = 1), information about social and environmental consequences (n = 1), social comparison (n = 1) and social reward (n = 2).
Interventions with coaching by a health professional showed a larger effect on PA (SMD = 0.44, 95%CI 0.19; 0.69, p = 0.0004) compared to interventions without coaching by a health professional (SMD = 0.07, 95%CI -0.42; 0.56, p = 0.78) (Electronic Supplementary Material Fig. S5). In the interventions with supervision by a health professional more different BCTs were used: the mean number of BCTs was 6.8 compared to 4.8. The following BCTs were exclusively coded in interventions with coaching by a health professional: problem solving (n = 5), review behaviour goals (n = 4), instructions on how to perform a behaviour (n = 3), information about health consequences (n = 1), information about social and environmental consequences (n = 1), social comparison (n = 1), prompts/cues (n = 3) and social reward (n = 3).
Discussion
The results of this systematic review and meta-analysis showed that interventions using activity trackers during and/or after inpatient care are heterogeneous, but are generally more effective in increasing the level of PA compared to usual care. However, this does not necessarily translate into an improvement in physical functioning. There was high variability of study populations, characteristics and intervention strategies across the included studies. Subgroup analysis of study characteristics suggest that interventions taking place both during and after an inpatient period may be more effective in stimulating PA compared to interventions only during or only after inpatient treatment. In addition, interventions using more BCTs, theory based interventions and interventions in combination with coaching by a health professional also seem to increase the effect on the level of PA.
A small positive effect on PA in favour of the intervention group was found. These results are in line with the results of meta-analyses in other patient populations [15–18]. In the review of Braakhuis et al., a small positive effect of healthcare interventions using objective feedback on PA was found (SMD = 0.34, p < 0.01) in a heterogeneous patient population (patients with COPD, stroke, cardio-vascular diseases, Parkinson’s disease and geriatric patients) [18]. A moderate positive effect on PA was found in a meta-analysis in people with type 2 diabetes (SMD 0.57, p < 0.01) and in a meta-analysis in patients with COPD using step counters (SMD 0.57, p < 0.05) [15, 17]. A high positive effect on daily step count was found in a meta-analysis in patients with rheumatic and musculoskeletal diseases (SMD 0.83, p < 0.01) [16]. The lower effect in our study compared to these studies may be caused by patients experiencing more barriers to increase their level of PA during or after inpatient care due to impact of the ‘acute event’ (e.g. having symptoms, such as pain or fatigue or due to overall reduced strength and condition as result of the acute event) compared to patients with chronic conditions in a daily life setting [10, 11, 13].
Although a positive effect was found on PA in favour of the intervention group, no effect was found on the outcome physical functioning in our meta-analysis. In other patient populations, previous reviews have found conflicting results on the effectiveness of activity tracker interventions on physical functioning. A small significant positive effect was found on physical functioning in patients with COPD (SMD = 0.32, p < 0.05) [17], whereas no significant effect was found in patients with rheumatic and musculoskeletal diseases (SMD = 0.09, p > 0.05) [16]. Of the individual included studies in our meta-analysis, two studies supported the effect that increased PA contributes to recovery in physical functioning [42, 43]. In contrast, no significant effect on physical functioning was found in four studies reporting a significant effect on PA in favour of the intervention group [48, 55–57]. One possible explanation for these differences in effectiveness is the timing of physical functioning measurements, as PA-interventions may have more effect on the rate than on the level of functional recovery. In other words, patients in the intervention group may have a physical functioning level similar to that of the control group after a certain time, but it may take them less time to reach that level. This could be particularly true in patient populations that fully recover to their pre-treatment physical functioning levels. Another explanation could be the very low number of studies that used a patient-reported outcome measure of physical functioning. Patient-reported outcomes are important because they can provide unique information on the impact of a medical condition and its intervention from the patient’s perspective. Finally, high variability in outcome measures and small sample sizes in our review lead to low certainty of evidence of the results for both performance-based and patient-reported physical functioning, according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach [59]. To gain a better understanding of the effect of interventions using activity trackers during and/or after inpatient care, conducting clinical trials measuring both patient-reported and performance-based outcomes of physical functioning at multiple follow-up times is warranted.
Subgroup analysis of study characteristics suggested that interventions conducted both during and after an inpatient period may be more effective in increasing the level of PA. This may be explained by the fact that in the interventions during the inpatient period, activity trackers were often added to standard interventions aimed at improving PA, whereas in the interventions after discharge, the activity tracker was often the only component aimed at improving PA. Three studies that conducted the intervention only during inpatient rehabilitation also mentioned the high load of usual rehabilitation care in the control group as possible explanation that no significant effect on PA was found [38, 41, 46]. In most cases priority was even given in the intervention group to the rehabilitation goals of usual care instead of the experimental intervention goals (daily step count). Also, if the intervention starts during inpatient stay and continues after discharge, patients might be more aware of their PA behaviour being back at home. Therefore, it is suggested that these interventions may be more effective when implemented both during and after inpatient care.
Our results support previous studies suggesting that theory-based interventions are generally more effective in promoting PA [23–26]. It is assumed that in theory-based interventions, the active ingredients of the interventions are more carefully described and implemented. This is supported by our results of coded BCTs in both subgroups, as the mean number of coded BCTs was higher in theory-based interventions (8.4 vs. 5.7).
Interventions using a higher number of BCTs were found to be more effective in improving PA, as also found in other studies [60, 61]. This is in line with the finding that interventions with coaching by a health professional are more effective, because more different BCTs can be used if interventions are supported by a health professional (e.g. problem solving, social reward). Besides that, it is suggested that activity trackers as standalone intervention might not be sufficient for special patient populations, because most activity trackers do not include BCTs that are specific to a certain population [22, 62]. Incorporating coaching by a health professional to the intervention gives the opportunity to provide targeted advice and interventions for a specific population group with a more personal touch. These findings are also supported by earlier research [27, 63].
Results suggest that interventions using activity trackers increase PA levels of surgical and non-surgical patients during and/or after inpatient care. The advantage of activity trackers is the minimal burden on the user in relation to the data that can be produced, and the ability to provide real-time feedback on PA. Activity trackers can thereby motivate and support patients and reduce the time and resources required for traditional methods of ongoing support.
Strengths and limitations
To our knowledge, this is the first meta-analysis investigating the effect of interventions with activity trackers in patients during and/or after inpatient care. The study provides insight into which intervention characteristics may improve the effectiveness, which can be helpful in the development of interventions with activity trackers in this population. An internationally validated taxonomy was used to identify BCTs in these interventions. Two trained researchers coded BCTs individually and agreement was received through discussion. Other strengths of this study are that only objective data of PA was used as outcome measurement for PA and that the outcome measurements were corrected for baseline status.
This study has also several limitations. First, there was considerable heterogeneity among the included studies in terms of study populations, duration of intervention and intensity of intervention. Because the high level of heterogeneity, standardized mean difference (SMD) was used. However, using SMD only partly resolves the problem of comparing different outcomes. Therefore, results should be interpreted carefully. Second, heterogeneity in the terminology and insufficient description of the active ingredients of the interventions impaired the coding of BCTs. As a result, it is likely that BCTs are underreported. Unfortunately, this problem is common in research on the effect of different BCTs [64]. Third, not all studies reported the mean difference between the post-intervention and baseline measurement. In these studies, the mean difference was calculated based on available or requested data. In the study of Hassett et al., this has led to a difference in significance of the outcome due to a different analysis method [42]. Our calculation of the mean difference in the study of Hassett et al. resulted in a significant effect on PA, whereas Hassett et al. reported a non-significance effect (p = 0.09). However, the estimated effect was roughly similar to our result. Finally, the meta-analysis could only be conducted for short-term outcomes (post-intervention), due to the lack of long-term outcomes (e.g., 3 or 6 months of follow-up). However, it is likely that the effect of interventions and the role of BCTs differ between short- and long-term outcome assessments [65], so intervention studies are encouraged to include long-term outcome assessments.
Conclusion
Interventions using activity trackers during and/or after inpatient care have the potential to increase the level of PA across a wide range of surgical and non-surgical populations. Despite the expectation that higher levels of PA have a positive effect on physical functioning, no significant effect on physical functioning was found. The intensity and quality of the interventions seem to improve by providing the intervention both during and after the inpatient period, by using more BCTs, integrating a theoretical model, and providing coaching by a healthcare professional, as a greater effect on PA increase has been found in studies using these intervention characteristics. Thus, interventions using activity trackers have the potential to be included as an effective tool to motivate patients and to assist health professionals to provide ongoing monitoring and support with minimal resource expenditure. However, results of this review should be interpreted carefully due to the high heterogeneity between studies. Future RCTs investigating the use of activity trackers should investigate the effect on the course of recovery in physical functioning and should pay attention to a sufficient description of the active ingredients of both the intervention and control conditions, enabling the comparison of different BCTs on outcomes of these interventions.
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