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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 activ-
ity 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, includ-
ing subgroup analysis on intervention characteristics, were conducted for the outcomes PA and physical functioning.
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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 effec-
tive 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 musculoskele-
tal 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 function-
ing 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 sur-
gery 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 inter-
ventions with activity trackers during or after admission 
to a hospital or rehabilitation centre has not been sum-
marized systematically to date.

There is a wide variation in interventions with activity 
trackers. It is therefore important to identify which inter-
vention characteristics have the highest effect on increas-
ing 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, repli-
cable and irreducible components of an intervention 

designed to alter or redirect causal processes that regu-
late behaviour” [21]. Interventions with activity trackers 
often contain several BCTs [22]. However, there is insuf-
ficient 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 theoret-
ical 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 substanti-
ated and more carefully described and carried out. In 
addition, the engagement of coaching from a health pro-
fessional 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 effective-
ness 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 char-
acteristics 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/ prosp ero/ (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].

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 (CRD42 02017 5977) on March 23th, 2020.

Keywords: Physical activity, Physical functioning, Activity tracker, Hospitalization, Rehabilitation
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Search strategy
A systematic literature search was conducted in March 
2020 and updated on 3 March 2021, using the data-
bases 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 nec-
essary, 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) feed-
back 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 meas-
ure activity of the upper body were excluded from this 
review.

Type of control group
Usual care or an intervention with activity trackers with-
out any form of feedback on PA level.

Type of outcomes
The main outcomes of this review were PA and physi-
cal functioning. For this study, we used the definition of 

physical activity defined by the World Health Organiza-
tion (WHO), i.e. any bodily movement produced by skel-
etal muscles that requires energy expenditure [29]. Up 
until now there is no consensus on the definition of phys-
ical functioning. For this study, physical functioning was 
defined as the ability to perform both basic and instru-
mental 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 perfor-
mance-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 pri-
mary outcomes for this review. The following interven-
tion 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 multi-
ple 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 cur-
rently the most convenient to interpret. When this data 
was not available, we extracted another outcome meas-
ured 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 Physi-
cal 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. Disagree-
ments were resolved by discussion.

Coding of behaviour change techniques
The BCT taxonomy (v1) of 93 hierarchically cluster tech-
niques 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 discus-
sion. Cohen’s kappa was used to measure the agree-
ment between the reviewers. Both reviewers completed 
the BCT taxonomy v1 Online Training. The BCTs in the 
intervention and control group were identified separately 

http://embase.com
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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 individ-
ual 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. Disagree-
ment 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, dur-
ing 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 calcu-
late the mean difference, authors were contacted. If only 
median and interquartile ranges (IQR) were reported, the 
sample mean and standard deviation were estimated fol-
lowing the method of Wan et al. [34].

The software program Review Manager (version 5.3.5) 
was used to conduct the meta-analysis. Included stud-
ies were assessed on statistical and clinical heterogene-
ity 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 treat-
ment 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 pres-
ence 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 dif-
ferent study characteristics on the overall outcome, 
pre-specified subgroup analyses were conducted for the 
following possible moderators: (1) setting (hospitaliza-
tion vs rehabilitation), (2) period of intervention (dur-
ing 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 per-
formed 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 mod-
eration 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 dif-
ferent 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 inter-
vention 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.
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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 neuro-
logical diseases [38–42], patients with cardiovascular 
diseases [37, 43–45], patients after orthopaedic sur-
gery [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 tri-
als both during and after the inpatient period. Eleven 
trials were performed during and/or after hospitali-
zation, ten trials were performed during and/or after 
inpatient rehabilitation. Other study characteristics 
are presented in Table 1.

Fig. 1 Flow diagram of selected studies (PRISMA)
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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 review-
ers (ML & PB) was 0.93. One BCT was coded by the sec-
ond reviewer, who checked 20% of the trials, which was 
not coded by the first reviewer. Therefore, all other tri-
als 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-mon-
itoring 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 Elec-
tronic 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 pro-
cedure. Blinding of participants and therapists was not 
possible in any study due to the intervention setting.

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 out-
come 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 preopera-
tive 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 inter-
vention 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 pro-
vided 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 calcu-
lated for the other studies. Three authors were contacted 
with success, because data to measure the mean differ-
ence 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. 

Table 2 Risk of bias assessment of included studies (n = 21)
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Egger’s regression test indicated no significant asymme-
try 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 sen-
sitivity analysis showed that the effect sizes remained 
within the 95%CI after iteratively removing both stud-
ies 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).

Physical functioning (performance based)
A total of 13 trials reported a performance based out-
come 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 cardio-
pulmonary exercise test and was reported in three stud-
ies [37, 43, 53]. Other outcome measures were the Short 
Physical Performance Battery [42, 56], 3 or 3 min walk-
ing distance [38, 54], the Morton Mobility Index [57], 
exercise tolerance (MET’s) [55], the Barthel Index [40], 
walking speed [41], the Performance-Oriented Mobil-
ity 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 sig-
nificant 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 interven-
tion 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 over-
all estimated effect size in terms of standardized mean 
difference of 0.09 (95%CI -0.02; 0.20,  I2 = 8%). No signifi-
cant 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).

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 signifi-
cant 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 Infor-
mation System – Physical Functioning (PROMIS-PF), 
was found in favour of the intervention group [51]. 

Fig. 2 Forest plot for the outcome physical activity
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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 num-
ber of included studies.

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 character-
istics on the overall effect. No significant differences were 
found between subgroups (Table 3). However, interven-
tions 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, how-
ever 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.

Subgroup analysis for the outcome performance 
based and patient reported physical functioning were 
not conducted, because the meta-analysis either pre-
sented 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. Interven-
tions with ≥7 BCTs showed an significant effect on PA 
(SMD = 0.60, 95%CI 0.18;1.02, p = 0.005), whereas inter-
ventions with < 7 BCTs did not (SMD = 0.18, 95%CI 
-0.04;0.39, p = 0.11). The forest plot is presented in Elec-
tronic 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 

Fig. 3 Forest plot for outcome performance based physical functioning

Fig. 4 Forest plot for patient reported outcome measure of physical functioning
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a behavior (n  = 3), information about health conse-
quences (n = 1), information about social and environ-
mental consequences (n = 1), social comparison (n = 1), 
prompts/cues (n = 3) and social reward (n = 2).

The SMD of theory-based interventions with activ-
ity trackers was higher (SMD = 0.66, 95%CI 0.14; 1.18, 
p  = 0.01) compared to interventions without a theoreti-
cal model (SMD = 0.20. 95%CI -0.00; 0.40, p = 0.04)(Elec-
tronic 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), informa-
tion 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 coach-
ing 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 exclu-
sively coded in interventions with coaching by a health pro-
fessional: problem solving (n = 5), review behaviour goals 
(n = 4), instructions on how to perform a behaviour (n = 3), 
information about health consequences (n = 1), informa-
tion 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 dur-
ing 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 necessar-
ily translate into an improvement in physical functioning. 
There was high variability of study populations, charac-
teristics and intervention strategies across the included 
studies. Subgroup analysis of study characteristics sug-
gest 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 interven-
tions in combination with coaching by a health profes-
sional also seem to increase the effect on the level of PA.

A small positive effect on PA in favour of the interven-
tion 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 posi-
tive 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 

Table 3 Subgroup analysis study characteristics

*p < 0.05, Q = cochrane’s Q

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)
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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 over-
all 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 signifi-
cant 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 con-
tributes 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 pos-
sible 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 function-
ing level similar to that of the control group after a cer-
tain time, but it may take them less time to reach that 
level. This could be particularly true in patient popula-
tions 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 out-
come 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 Recom-
mendations Assessment, Development and Evaluation 
(GRADE) approach [59]. To gain a better understand-
ing 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 fol-
low-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 track-
ers were often added to standard interventions aimed 
at improving PA, whereas in the interventions after dis-
charge, 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 signifi-
cant 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 experi-
mental 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 inter-
ventions 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 inter-
ventions with coaching by a health professional are more 
effective, because more different BCTs can be used if inter-
ventions are supported by a health professional (e.g. prob-
lem 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 opportu-
nity to provide targeted advice and interventions for a spe-
cific 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 advan-
tage of activity trackers is the minimal burden on the 
user in relation to the data that can be produced, and 
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the ability to provide real-time feedback on PA. Activ-
ity trackers can thereby motivate and support patients 
and reduce the time and resources required for tradi-
tional methods of ongoing support.

Strengths and limitations
To our knowledge, this is the first meta-analysis inves-
tigating 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 agree-
ment 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 differ-
ence (SMD) was used. However, using SMD only partly 
resolves the problem of comparing different outcomes. 
Therefore, results should be interpreted carefully. Sec-
ond, heterogeneity in the terminology and insufficient 
description of the active ingredients of the interven-
tions 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 differ-
ent 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 differ-
ence in significance of the outcome due to a different 
analysis method [42]. Our calculation of the mean dif-
ference in the study of Hassett et  al. resulted in a sig-
nificant effect on PA, whereas Hassett et  al. reported 
a non-significance effect (p = 0.09). However, the esti-
mated 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 lev-
els 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, integrat-
ing 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 char-
acteristics. 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 heteroge-
neity 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 ingredi-
ents of both the intervention and control conditions, ena-
bling the comparison of different BCTs on outcomes of 
these interventions.
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