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H I G H L I G H T S

• Health outcomes improve using mHealth in geriatric rehabilitation.
• Health outcomes and methodologies are very divers across studies.
• Reporting of integration into daily practice was minimal.
• Standardized measurement approaches and co-created interventions are needed.
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A B S T R A C T

Background: Geriatric rehabilitation positively influences health outcomes in older adults after acute events.
Integrating mobile health (mHealth) technologies with geriatric rehabilitation may further improve outcomes by
increasing therapy time and independence, potentially enhancing functional recovery. Previous reviews have
highlighted positive outcomes but also the need for further investigation of populations receiving geriatric
rehabilitation.
Objective: Our main objective was to assess the effects of mHealth applications on the health status of older adults
after acute events. A secondary objective was to examine the structure and process elements reported in these
studies.
Methods: Systematic review, including studies from 2010 to January 2024. Studies were eligible if they involved
older adults’ post-acute care and used mHealth interventions, measured health outcomes and compared inter-
vention and control groups. The adjusted Donabedian Structure-Process-Outcome (SPO) framework was used to
present reported intervention processes and structures.
Results: After initial and secondary screenings of the literature, a total of nine studies reporting 26 health out-
comes were included. mHealth interventions ranged from mobile apps to wearables to web platforms. While
most outcomes showed improvement in both the intervention and control groups, a majority favored the
intervention groups. Reporting of integration into daily practice was minimal.
Conclusion: While mHealth shows positive effects on health status in geriatric rehabilitation, the variability in
outcomes and methodologies among studies, along with a generally high risk of bias, suggest cautious inter-
pretation. Standardized measurement approaches and co-created interventions are needed to enhance successful
uptake into blended care and keep geriatric rehabilitation accessible and affordable.
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1. Introduction

Geriatric rehabilitation is a comprehensive approach that involves
diagnostic and therapeutic strategies. Geriatric rehabilitation aims to
recover functioning after acute events by optimizing functional ability,
encouraging activity, andmaintaining both functional reserve and social
engagement in older adults with specific characteristics and needs,
associated with the ageing process (Achterberg et al., 2019; Grund et al.,
2020). While geriatric rehabilitation after an acute event is known to
improve health outcomes in older vulnerable adults (Bachmann et al.,
2010), mobile applications (apps) or mHealth for training purposes may
further support achievement of health objectives (Agarwal et al., 2016).
Mobile apps allow users to train independently and adapt training to a
personal schedule and load capacity, potentially encouraging brief pe-
riods of enjoyable exercise (Daly et al., 2021). These benefits of mHealth
may also extend to geriatric rehabilitation, as increased therapy time is
positively associated with functional recovery (Tijsen et al., 2019). In
addition, it allows healthcare professionals to focus on the more com-
plex needs of older adults in geriatric rehabilitation, helping to keep
geriatric rehabilitation affordable and accessible.

Several studies and reviews of mHealth interventions for older adults
and other vulnerable populations reported promising effects on out-
comes across health status domains such as functional performance,
social participation and quality of life (Gamble et al., 2024; Linn et al.,
2021; Muellmann et al., 2018; Portenhauser et al., 2021; Solis-Navarro
et al., 2022). However, understanding of effectiveness of mHealth on
health outcomes among older populations in geriatric rehabilitation is
still limited (Chen et al., 2023). In addition, reviews found that effec-
tiveness of mHealth-based interventions depends on simplicity and
adequate integration with usual care (Kraaijkamp et al., 2021; Nuss-
baum et al., 2019), which in turn requires changes to structures and care
processes within a healthcare organization (Tossaint-Schoenmakers
et al., 2021). Using the Donabedian Structure-Process-Outcome (SPO)
framework, Tossaint et al. identified multiple indicators related to
integration of eHealth, and added specific themes designed to assess the
quality of healthcare regarding integration of eHealth. These authors
also stressed that achieving desired outcomes requires the cooperation
of the care receiver and healthcare professionals, together with use of
well-attuned technology to change organizational structures and daily
care processes (Tossaint-Schoenmakers et al., 2021).

Understanding effects on multiple health outcomes therefore re-
quires systematic assessment of current evidence related to older pop-
ulations in geriatric rehabilitation. As (changes to) structures and care
processes may significantly affect evidence, a secondary objective was
formulated to assess effectiveness of mHealth applications (Kraaijkamp
et al., 2021; Nussbaum et al., 2019).

Main objective: What are the effects of mHealth applications, as used
by older adults in geriatric rehabilitation, to support recovery after an
acute event, on health status?

Secondary objective: What do included studies report on process and
structure evaluation?

2. Methods

This systematic review assessed and reported studies according to
The Preferred Reporting Items for Systematic reviews and Meta-
Analyzes (PRISMA) Statement 2020 (Page et al., 2021). The review
protocol is registered with the PROSPERO register of systematic reviews
(registration number: CRD42023401992).

2.1. Search strategy

Keywords related to older adults, post-acute care, rehabilitation,
recovery and mHealth interventions were selected in collaboration with
a medical information specialist. To avoid limitations, outcomes and
diagnoses were not specified. Mesh terms were used in MEDLINE and

then translated to construct search strings for Web of Science and
Embase. The first literature search of PubMed, Web of Science, Embase,
EMcare and the Cochrane library was conducted in March 2023. Du-
plicates were identified and an initial screening of title and abstract was
carried out by the first reviewer. Thereafter, the first and second
reviewer performed a second screening of abstracts based on keywords
related to older adults, post-acute care, rehabilitation, recovery and
mHealth interventions, followed by identification of full-text papers for
inclusion. Studies were eligible if they described the following criteria:
(quasi) experiments, cohorts, pre-post designs; older adults with a mean
age >70; post-acute care; the use of mHealth interventions solely or as
an addition to usual care, supporting achievement of health objectives;
use of a control group; outcomes within the domains of health status
including body functions, activities, social participation, external factors
and personal factors; publication period 2010-2023; abstract in the
Dutch or English languages. Articles were excluded when patients were
in a stable period of rehabilitation aimed at addressing a chronic con-
dition. A third reviewer was invited to discuss any disagreement until
consensus was reached.

A second search was executed in January 2024 to ensure the inclu-
sion of current studies. The inclusion process is presented in a PRISMA
flowchart (Page et al., 2021).

2.2. Data extraction

The following data were extracted by the first and second reviewer
from included studies: publication information (author, year, journal);
study design; inclusion-exclusion criteria; study population (age [mean-
median-range] gender, diagnosis [if applicable]); setting (hospital,
rehabilitation centre, nursing home, at home); description of the
mHealth intervention process; intervention group (standalone or
blended care) and control group (other intervention/usual care); process
evaluation (feasibility, usability, usage, satisfaction); structure data
(availability, description); statistical analysis; effects on primary and
secondary outcomes; follow-up and conclusions.

2.3. Quality assessment

Two reviewers independently assessed the quality of the included
articles using the revised Cochrane risk-of-bias tool for randomized trials
(RoB2) and the Cochrane risk-of-bias in non-randomized studies of in-
terventions (ROBINS-I) (Sterne et al., 2016, 2019). Scores are for five
categories of bias: (1) arising from the randomization process; (2) due to
deviations from intended interventions; (3) due to missing outcome
data; (4) in measurement of the outcome; (5) in selection of the reported
result in the RoB2 (ranging from low risk, some concerns to high risk of
bias) (Sterne et al., 2019). The ROBINS-I contains eight categories of
bias: (1) due to confounding; (2) in selection of participants; (3) in
classification of interventions; (4) due to deviations from intended in-
terventions; (5) due to missing data; (6) in measurement of outcomes;
(7) in selection of the reported result; (8) overall bias (Sterne et al.,
2016). Scores range from low, moderate, serious, critical to no information.
Both will be presented separately in the results section.

2.4. Data synthesis and analysis

As extracted data were expected to be heterogeneous in terms of
participants, interventions and outcomes, a narrative analysis was
chosen (Boland et al., 2014). To provide a comprehensive overview of
effects on health outcomes as well as the intervention process and
structure, data are ordered according to the adjusted SPO framework
(Tossaint-Schoenmakers et al., 2021). An extraction form with explan-
atory notes was constructed to demonstrate how indicators were scored
for each article.

Health outcomes are described and categorized as: body functions
and structures, activity, participation, environmental factors, and
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personal factors according to the International Classification of Func-
tioning, Disability and Health (ICF) framework from The World Health
Organization (WHO) (International classification of functioning,
disability, and health : ICF, 2001). To categorize included health out-
comes into the ICF framework, measurements were checked against the
Sralab database.

Regarding the secondary aim of the study, indicators from the
adjusted Donabedian SPO framework were used to coordinate de-
scriptions of structure process and outcomes in the included studies
(Tossaint-Schoenmakers et al., 2021).

3. Results

3.1. Selection of studies

Fig. 2 illustrates the Prisma flowchart of records retrieved from the
literature search and the subsequent inclusion or exclusion of these re-
cords. A total of 10163 records were identified in the five databases.
After removal of duplicates, 7276 records were screened on title and
abstract, from which full texts of 76 studies were assessed for eligibility
using set criteria. For a variety of reasons 67 studies were excluded,
mostly due to different mean ages, different study designs or a non-post-
acute phase (Fig. 1). Nine articles were finally included in our review
(Fig. 1), with no new inclusions after a second search (Appendix A).

3.2. Characteristics of included studies

Characteristics of included studies are listed in Table 1. Mean age
was over 70 (Hassett et al., 2020; Snoek et al., 2021; Wu et al., 2023) in
three studies and over 75 in six studies (Cheng et al., 2022; Li et al.,
2020; Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021; Pol et al.,
2019; Zhang et al., 2022). One study included participants with multiple
diagnoses (Hassett et al., 2020), seven out of nine studies focused on hip
fractures (Cheng et al., 2022; Li et al., 2020; Mora-Traverso et al., 2024;
Ortiz-Pina et al., 2021; Pol et al., 2019; Wu et al., 2023; Zhang et al.,
2022) and one on cardiovascular disease (Snoek et al., 2021). The most
common inclusion criterion, besides advanced age, was a minimal level
of physical function using baseline outcome measurements such as the

Modified Functional Ambulatory Category (MFAC) ≥3, the
performance-based Short Physical Performance Battery (SPPB) <12 or
the pre-existing outcome for the Functional Independence Measure
(FIM) >90. In four studies cognitive competence was specified as a
minimal score of 15 (Pol et al., 2019) or 24 (Mora-Traverso et al., 2024;
Ortiz-Pina et al., 2021; Zhang et al., 2022) on the Mini-Mental State
Examination (MMSE). Two studies reported cut of points of cognitive
competence in their exclusion criteria,<19 for the Hong Kong version of
Montreal Cognitive Assessment (HKMoCA) (Cheng et al., 2022) and ≥6
for the Abbreviated Mental Test (AMT) (Li et al., 2020). Three studies
reported mean MMSE in their characteristics tables (Hassett et al., 2020;
Pol et al., 2019; Zhang et al., 2022). Living situation and educational
status were reported in five studies (Cheng et al., 2022; Hassett et al.,
2020; Li et al., 2020; Pol et al., 2019; Zhang et al., 2022). Interventions
mainly consisted of mobile phone and tablet apps or web platforms, with
three studies using apps in combination with wearables (Cheng et al.,
2022; Hassett et al., 2020; Snoek et al., 2021). Further information on
interventions is reported below. A total of 26 outcomes, of which 19
were different outcomes, were reported. Seven studies focused on ac-
tivity (n = 15, 58 %) (Cheng et al., 2022; Hassett et al., 2020; Li et al.,
2020; Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021; Wu et al.,
2023; Zhang et al., 2022) five reported on body functions (n= 10, 38 %)
(Cheng et al., 2022; Li et al., 2020; Mora-Traverso et al., 2024; Snoek
et al., 2021; Wu et al., 2023) and one study reported on participation (n
= 1, 4 %) (Pol et al., 2019) (see Table 1).

3.3. Structure

In all included studies (N = 9), participants in both the intervention
and control groups began rehabilitation in a hospital or tertiary care and
continued at home after discharge (Cheng et al., 2022; Hassett et al.,
2020; Li et al., 2020; Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021;
Pol et al., 2019; Snoek et al., 2021; Wu et al., 2023; Zhang et al., 2022).
Healthcare was provided by a multidisciplinary team in all studies
(Cheng et al., 2022; Hassett et al., 2020; Li et al., 2020; Mora-Traverso
et al., 2024; Ortiz-Pina et al., 2021; Pol et al., 2019; Snoek et al., 2021;
Wu et al., 2023; Zhang et al., 2022), and in all studies the control group
received standard rehabilitation as usual care, either at home, in person,

Fig. 1. Flowchart.
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Table 1
Characteristics of included articles.

AMT=Abbreviated Mental Test, range 0-10, 0=suggestive of severe impairment and 10=suggestive of normal cognitive function; C=Control group; COPM= Canadian
Occupational Performance Measure, range 1–10; 1= not able to do at all and 10=able to do extremely well; EMS= Elderly Mobility Scale, range 0-20,<10 dependent,
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by telephone or text-based (Cheng et al., 2022; Hassett et al., 2020; Li
et al., 2020; Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021; Pol et al.,
2019; Snoek et al., 2021; Wu et al., 2023; Zhang et al., 2022).

3.4. Process

Four studies used an online web platform accessible by mobile de-
vices (Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021; Wu et al.,
2023; Zhang et al., 2022), whereas five used a mobile app that partici-
pants could install (or was issued by researchers) on their mobile phones
and tablets (Cheng et al., 2022; Li et al., 2020; Pol et al., 2019; Snoek
et al., 2021; Zhang et al., 2022). Four studies included a wearable such
as an activity or heart rate monitor (Hassett et al., 2020; Pol et al., 2019;
Snoek et al., 2021; Zhang et al., 2022). All articles reported information
on the technology, its features, functions for mHealth and content of the
intervention (Table 2) 18-26. The most commonly reported intended uses
of mHealth were self-management (9) 18-26, treatment (9) 18-26 and
communication (8) (Hassett et al., 2020; Li et al., 2020; Mora-Traverso
et al., 2024; Ortiz-Pina et al., 2021; Pol et al., 2019; Snoek et al., 2021;
Wu et al., 2023; Zhang et al., 2022). One study used the mHealth
function “reminders” (Zhang et al., 2022). Intervention duration varied
from 3 weeks to 6 months, and varied in frequency and intensity (see
Table 2 for details).

3.5. Outcome

Primary outcomes are presented according to ICF (Table 3), with
nine different outcomes measured for the ICF domain body functions
five studies (Cheng et al., 2022; Hassett et al., 2020; Li et al., 2020;
Mora-Traverso et al., 2024; Snoek et al., 2021), while outcome data on
activities were reported in seven studies (Cheng et al., 2022; Hassett
et al., 2020; Li et al., 2020; Ortiz-Pina et al., 2021; Snoek et al., 2021; Wu
et al., 2023; Zhang et al., 2022). Measurements used in more than one
study included the FIM (Ortiz-Pina et al., 2021; Wu et al., 2023; Zhang
et al., 2022), the SPPB and the TUG (Ortiz-Pina et al., 2021; Zhang et al.,
2022). One study reported the Canadian Occupational Performance
Measure (COPM) in the participation domain as primary outcome (Pol
et al., 2019). Differences between groups were reported by all studies
using varying methods (see final column of Table 3). Variables (n = 26)
improved for 70 % of both intervention and control groups, (Cheng
et al., 2022; Hassett et al., 2020; Li et al., 2020; Mora-Traverso et al.,
2024; Ortiz-Pina et al., 2021; Pol et al., 2019; Snoek et al., 2021; Wu
et al., 2023; Zhang et al., 2022), with a higher number favorable in
intervention groups (17) as illustrated in the harvest plot (Fig. 2)
(Hassett et al., 2020; Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021;
Pol et al., 2019; Snoek et al., 2021; Wu et al., 2023; Zhang et al., 2022).
Except for Hassett et al., who reported a minimal clinically important
difference (MCID) for SPPB measurements (0.5-1) at 6 months in favor
of the intervention group (Hassett et al., 2020), no other study reported
an MCID. For comparison, the MCIDs for most outcomes (according to
Sralab Rehabilitation Measures) are listed in Appendix B.

3.5.1. Body functions
Wu et al. and Li et al. measured mobility of the hip joint with the HHS

(Li et al., 2020; Wu et al., 2023). Both reported increased mobility at the
latest assessment in both the intervention and control groups, favoring

the intervention group (Li et al., 2020; Wu et al., 2023). Snoek et al.,
measuring physical fitness, found a higher peak VO2 in the intervention
group and no difference in the control group at 6 months (Snoek et al.,
2021). Li et al. measured muscle strength and pain (Li et al., 2020) and
found no significant differences within or between groups upon final
assessment at 6 weeks (Li et al., 2020). Other measurements of ICF body
function included anxiety (Mora-Traverso et al., 2024; Wu et al., 2023)
(SAS, HADS) and quality of life (EQ-5D) (Mora-Traverso et al., 2024).
Anxiety decreased over time for all groups, with significant differences
between intervention and control groups in two studies (Mora-Traverso
et al., 2024; Wu et al., 2023). Quality of life increased overall, and
favored the intervention group (p= 0.001) (Mora-Traverso et al., 2024).

3.5.2. Activities
The FIM was reported in the activity category to measure disability

by Wu, Zhang and Ortiz (Ortiz-Pina et al., 2021; Wu et al., 2023; Zhang
et al., 2022). Participants in the intervention groups of these three
studies scored an increase of>40 points after 3months (Ortiz-Pina et al.,
2021; Zhang et al., 2022)and 6 months (Wu et al., 2023), with control
group increases of >30 points (Ortiz-Pina et al., 2021; Wu et al., 2023;
Zhang et al., 2022), so all groups scored above the 22 points needed for
clinical relevance. The three studies favored the intervention group,
with a significant difference between groups (Ortiz-Pina et al., 2021; Wu
et al., 2023; Zhang et al., 2022) . There was no report for mean differ-
ence and confidence interval within groups (Ortiz-Pina et al., 2021; Wu
et al., 2023; Zhang et al., 2022). Mobility as measured by TUG was the
primary objective of three studies (Li et al., 2020; Ortiz-Pina et al., 2021;
Zhang et al., 2022). A decrease in time (in seconds) was noted for both
groups at 6 weeks (Li et al.) or 3 months (Ortiz et al.) (Li et al., 2020;
Ortiz-Pina et al., 2021), but significantly favored the intervention group
only in the Ortiz et al. study (Ortiz-Pina et al., 2021), where both the
intervention and controls groups reached the MCID of 10.8 s., with a
non-significant z-score for the within-group difference (Ortiz-Pina et al.,
2021). Zhang et al. found no within-group differences, with a significant
difference favoring the intervention group (Zhang et al., 2022). A better
SPPB in favor of intervention groups was reported in three studies
(Hassett et al., 2020; Ortiz-Pina et al., 2021), with the third presenting
group differences at only one time point (Zhang et al., 2022). Hassett
et al. reported an increase in time spent in an upright posture per day in
both groups, but found no significant differences at 6 months (Hassett
et al., 2020). Using the LEFS, MFAC and EMS (Cheng et al., 2022) as
measurements for mobility, Cheng et al. found no significant differences
between groups at 1- and 2-month follow-ups (Cheng et al., 2022). For
self-reported moderate to vigorous physical activity (MVPA), significant
differences between intervention and control groups were found at 12
months and fitness level IFIS at 3 months (Mora-Traverso et al., 2024;
Snoek et al., 2021). Functional reach showed no significant difference
between groups at 6 weeks (Li et al., 2020).

3.5.3. Participation
Regarding the COPM, which measures self-received daily func-

tioning, Pol et al. found an overall increase at 6 weeks, as well as a
significant difference in favor of the intervention group (Pol et al.,
2019).

10-13 borderline dependent,>14 independent; EQ-5D=EuroQol Dimension 5, index range − 0.59 to 1, 1 is the best possible health state; FIM=functional independence
measure, range 18-126; higher the score =>more independent; FR= Functional Reach test, in centimeters; H=hour; HHS=Harris hip scale, range 0-100; HK-MoCA=
the Hong Kong version of Montreal Cognitive Assessment, range 0-30, <19 cut off for detection dementia; I= Intervention group; IFIS=International Fitness Scale, 5
Likert scale from very poor to very good; KG= kilogram; KGF= kilogram force; LEFS=Lower Extremity Functional Scale range 0-80; LOS= length of stay;
MFAC=Modified functional ambulatory category; Min=minutes; ML=milliliter; MMSE= Mini Mental State Examination, range 0-30; MVPA=moderate to vigorous
physical activity; N=numbers; NR=Not Reported; RCT=randomized controlled trial; SAS=self-rating anxiety scale, range 20-80, 20–44 Normal Range, 45–59 mild to
moderate anxiety levels, 60–74 marked to severe anxiety levels, 75 and above extreme anxiety levels; SD=standard deviation; SEC=seconds; SPPB=Short Physical
Performance Batter, range 0-12, continuous 0-3, higher score is higher performance; TUG= timed up-and-go test, in seconds, ≥12 seconds at risk for falling; VAS=
visual analogue scale, 0 millimeter no pain to 100 millimeter very severe pain; VO2peak=peak of oxygen uptake
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Table 2
Content of technology and intervention details.

Author Technology | Features mHealth function Intervention Control

Cheng
et al.
RCT

Mobile app on smartphone or tablet |
Preloaded exercises at four
different levels; progress summary; push
reminders; educational content; video
libraries of
practical skills and information for
caregivers.

Information,
Self-management,
treatment.

Briefing sessions for care receivers and
caregivers before discharge on intervention
and installment and usage of mHealth.

mHealth: Home-based rehabilitation for 2
months with 20-30 minutes daily exercises
with mobile app.

Briefing sessions for care receivers and
caregivers before discharge on home-based
rehabilitation.

Home-based rehabilitation for 2 months with
20-30 minutes daily exercises with pamphlet.

Hassett
et al.
RCT

Activity monitors and handheld computer
devices | Exercises through virtual reality
video games

Self-management,
treatment,
communication

6 months usual rehabilitation care, with
series of repetitive exercises guided by the
physiotherapist, tailored management by the
multidisciplinary team, and a fall prevention
brochure.

mHealth: 30 to 60 minutes of digitally
enabled rehabilitation 5 days per week with
digital devices with remote monitoring and
communication post-discharge. The exercises
and devices were individually prescribed by a
trial physiotherapist according to an
intervention protocol that matched different
task-specific exercises on different devices to
common mobility limitations.

6 months usual rehabilitation care, with
series of repetitive exercises guided by the
physiotherapist, tailored management by the
multidisciplinary team, and a fall prevention
brochure.

Li et al.
RCT

Application Caspar Health e-system for
mobile phones and tablets | Tailormade
TR program videos, e-calendar, upload
training progress videos, review
attendance records

Self-management,
information,
treatment,
communication

A 3-week home-based treatment program
with trunk, lower-limb strengthening,
stretching, coordination, balance and
functional exercises tailored individually in
frequency and duration.
mHealth: a tailormade program with e-
calendar and exercise videos. Performance
feedback is sent to the case therapist after
each exercise session, followed up twice a
week by the case therapist who adjusts the
treatment in the app.

A 3-week home-based treatment program
with trunk, lower-limb strengthening,
stretching, coordination, balance and
functional exercises tailored individually in
frequency and duration.
Performance feedback was sent to the case
therapist by log sheets after each exercise
session, followed up twice a week for
adjusting treatment through a written home
program.

Mora
et al.
Non-
RCT

Online platform, @ctive-hip to use on
mobile phone or tablet | Online-based
sessions per week on-demand (pre-
recorded) instructional videos for
exercises and advice on environmental
safety.

Information,
Self-management,
treatment,
communication

mHealth: A 12-week multidisciplinary
telerehabilitation intervention with five 50-
to-60-min online-based sessions per week
(two occupational therapy and three sessions
of physical exercise) with content through
the @etivehip Online platform. Tailored
according to four difficulty levels.

Usual care by the Andalusian Public Health
Care System (between 5 and 15 sessions of
home-based in-person rehabilitation).

Ortiz
et al.
Non-
RCT

Online platform, @ctive-hip to use on
mobile phone or tablet | Online-based
sessions per week on-demand (pre-
recorded) instructional videos for
exercises and advice on environmental
safety.

Information,
Self-management,
treatment,
communication

Usual care during a hospital stay and a
caregivers’ workshop and an informational
leaflet with recommendations and exercises
for home was given to patients and
caregivers.

mHealth: 12-week multidisciplinary
telerehabilitation program including on-
demand (pre-recorded) instructional videos
and written instructions for activities and
exercises appropriate to the patients’
functional status. Exercises included were
lower and upper body strengthening
exercises, balance exercises,
and cardiovascular exercises. Build-up of
training sessions: three warm-up exercises,
10 exercises with minimal 10 repetitions in
week 1 to max 24 repetitions last week. The
occupational therapy sessions consisted of
videos for advice on safe activities of daily
living self-care activities, walking aids and a
safe home. There were weekly
videoconferences with PTs or Ots and on
request.

Usual care during a hospital stay and a
caregivers’ workshop and an informational
leaflet with recommendations and exercises
for home was given to patients and
caregivers.

Usual postoperative home-based in-person
rehabilitation –15 sessions of physiotherapy
and
Occupational therapy.

Pol et al.
RCT

Wearable activity monitor (PAM) and SO-
HIP web application | Visualization of
daily functioning, administration of
participants’ data, asking questions

Self-management,
treatment,
communication

Usual care through the multidisciplinary
rehabilitation program followed by home-
based occupational therapy coaching
program

mHealth: sensor monitoring to visualize
mobility and integrate this in treatment
strategies

Group I: Usual care through the
multidisciplinary rehabilitation program.

Group II: Usual care through the
multidisciplinary rehabilitation program
followed by home-based occupational
therapy coaching program.

(continued on next page)
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3.6. Report on process and structure evaluation

The reported indicators of included studies are presented according
to the Donabedian Structure, Process and Outcome (SPO) framework,
adjusted for eHealth according to Tossaint (Tossaint-Schoenmakers
et al., 2021). Four studies described the intervention in a separate pro-
tocol article (Hassett et al., 2020; Ortiz-Pina et al., 2021; Pol et al., 2019;
Snoek et al., 2021), while six of nine studies included information on
technology usability (Table 4) (Cheng et al., 2022; Hassett et al., 2020;
Li et al., 2020; Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021; Pol
et al., 2019). Two studies added goal-setting to their intervention
(Hassett et al., 2020; Li et al., 2020), four studies described the use of
behavioral change strategies (Cheng et al., 2022; Hassett et al., 2020;
Ortiz-Pina et al., 2021; Pol et al., 2019; Snoek et al., 2021), and
adherence was reported in seven studies (Cheng et al., 2022; Hassett
et al., 2020; Li et al., 2020; Mora-Traverso et al., 2024; Ortiz-Pina et al.,
2021; Pol et al., 2019; Snoek et al., 2021). All studies reported
patient-centred healthcare actions that included an option for tailored
treatment (Table C.1) (Cheng et al., 2022; Hassett et al., 2020; Li et al.,
2020; Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021; Pol et al.,
2019; Snoek et al., 2021; Wu et al., 2023; Zhang et al., 2022). One study
reported development of an mHealth intervention in their protocol,
together with the participation of care receivers and caregivers
(Mora-Traverso et al., 2024). A table with details per indicator is
available upon request.

3.7. Risk of bias

The overall risk of bias (RoB) in the six randomized controlled trials
varied from ‘some concern’ (Hassett et al., 2020; Li et al., 2020; Pol
et al., 2019) to ‘high’ (Cheng et al., 2022; Snoek et al., 2021; Wu et al.,
2023; Zhang et al., 2022). The randomization process was rated as low
risk in six of the seven RCTs (Cheng et al., 2022; Hassett et al., 2020; Li
et al., 2020; Pol et al., 2019; Snoek et al., 2021; Zhang et al., 2022),
while fivestudies raised some concern regarding deviations from inten-
ded interventions (Hassett et al., 2020) or had a high risk of bias (Cheng

et al., 2022; Snoek et al., 2021; Wu et al., 2023; Zhang et al., 2022)
(Appendix C).

For the two non-randomized trials, overall RoB was ‘serious’
(Mora-Traverso et al., 2024; Ortiz-Pina et al., 2021). Both confounding
and non-blinding showed serious RoB, while other sections had mod-
erate or low RoB (Appendix D, Tables E.1-E.3).

4. Discussion

In this review of older adult’s use of mHealth, all studies showed
improved primary outcomes in both the intervention and control groups
(Cheng et al., 2022; Hassett et al., 2020; Li et al., 2020; Mora-Traverso
et al., 2024; Ortiz-Pina et al., 2021; Pol et al., 2019; Snoek et al., 2021;
Wu et al., 2023; Zhang et al., 2022). Together they reported on 26
positive outcomes of which 17 in favor of the intervention group (Cheng
et al., 2022; Hassett et al., 2020; Li et al., 2020; Mora-Traverso et al.,
2024; Ortiz-Pina et al., 2021; Pol et al., 2019; Snoek et al., 2021; Wu
et al., 2023; Zhang et al., 2022). The ICF domain body function favoured
intervention groups in three studies (Mora-Traverso et al., 2024; Wu
et al., 2023; Zhang et al., 2022), while activity outcomes favored
intervention groups in five studies (Hassett et al., 2020; Mora-Traverso
et al., 2024; Ortiz-Pina et al., 2021; Wu et al., 2023; Zhang et al., 2022).
Although MCIDs were generally not reported, values at follow-up
timepoints actually reached the MCID for SPPB (MCID of 0.5-1)
(Hassett et al., 2020; Ortiz-Pina et al., 2021) , TUG (MCID of -10.8) (Li
et al., 2020; Ortiz-Pina et al., 2021) and FIM (MCID of 22) (Li et al.,
2020; Wu et al., 2023; Zhang et al., 2022) .

Types of outcomes, presented here by ICF domains, also varied
widely. Outcomes were mostly in the activity domain including: func-
tional status or physical function, measured by FIM; mobility or motor
ability and fall risk,measured by the SPPB; fall risk and progress in walking
speed or functional walkability and fall risk, measured by TUG. Further-
more, despite the fact that participation is one of the main goals of
geriatric rehabilitation, only one article described a participation-
related outcome. Two earlier reviews (Kraaijkamp et al., 2021; Pre-
itschopf et al., 2023) also noted the surprising lack of attention for this

Table 2 (continued )

Author Technology | Features mHealth function Intervention Control

Snoek
et al.
RCT

Application MobiHealth and heart rate
monitor | Measure and register physical
activity, heart frequency and intensity,
monitor progress. Healthcare professional
access to a portal to monitor progress

Self-management,
treatment,
communication

mHealth: Patients perform moderate
exercise based on individual selected level of
intensity and self-chosen type of activity at 5
days per week for at least half an hour and fill
in the rate of perceived exertion (BORG-
score) and data on frequency and intensity
transferred to a secured website to monitor
progress. Motivational interviewing was
applied by telephone: weekly in the 1st
month, every other week in the 2nd month,
and monthly until completion at 6 months.

No care or locally defined standard of care,
such as primary care.

Wu et al.
RCT

App on a tablet with
internet access, corresponding website on
mobile healthcare professional|
Information videos, exercises, uploading
videos of patients progression and weekly
video conference

Information,
Self-management
treatment,
communication

mHealth: Medical information pushing with
rehabilitation videos for the 12-week home-
based training with 5-10 repetitions 3 times a
day. Video recording of recovery progress
were send by participant twice a week. They
received weekly briefings by videoconference
with the doctor.

Participants received a text version of the
rehabilitation program. They received
weekly follow-up telephone calls for
updating on progress and answering
questions.

Zhang
et al.
RCT

Physician side—
a website platform, and a patient side—an
application (APP)
installed on a smartphone, wearables |
Personalized rehabilitation programs,
rehabilitation videos, health knowledge
and monitoring vital signs

Information,
reminders,
Self-management,
treatment,
communication.

Routine discharge instructions 1–2 days after
surgery: bedside rehabilitation instructions
and health education.

mHealth: Remote video assessment and
guidance rehabilitation through remote
video assessment, to adjust training through
the home-oriented post-operative rehabilitation
management system for geriatric hip fractures
at 2 weeks, 1 month, 2 months, and 3 months
after discharge

Routine discharge instructions 1–2 days after
surgery: bedside rehabilitation instructions
and health education.

Follow-up by telephone for inquiry,
assessment, guidance, questions and
encouragement at 2 weeks, 1 month, 2
months, and 3 months.
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Table 3
Primary outcomes.

*presented in median (IQR)
** per protocol analysis
§ presented in Z-score differences

Fig. 2. Harvest plot: effectiveness of mHealth intervention.
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important outcome.
Improvements in health outcomes in the studies included here reflect

app-related findings in general rehabilitation (Nussbaum et al., 2019),
with one review reporting mainly positive effects on functional out-
comes and disease symptoms such as pain and quality of life. However,
only 5 of 102 studies on the effects of mHealth interventions were RCTs,
and those were small and excluded vulnerable populations (Nussbaum
et al., 2019).

Reviews by both Nussbaum et al. (2019) and Solis-Navarro et al.
(2022) suggest that mHealth can improve health outcomes of older
adults in rehabilitation. However, as with our quality assessment, both
reviews noted the lack of rigorous high quality RCTs. Furthermore,
comparing results to improve certainty of evidence is difficult due to
variation in the definition and measurement of health outcomes. For

example, the SPPB was reported in three studies included in our review,
two of which used a 0-12 scale, while the third reported a continuous
scale of 0 to 3.

Furthermore, timeframes at the start and at follow-up, as well as
settings (hospital, rehabilitation center and/or home-based) varied
widely. All of these factors raise the question of how health outcome
results can be adequately interpreted and used when developing
guidelines for geriatric rehabilitation healthcare facilities. We suggest
that an appropriate dataset on health outcomes, together with the
standardized use of measurements and measurement timepoints, are
needed.

In addition to effects on health outcomes, we also considered de-
scriptions of structure and process elements. While all studies reported
(some) details on patient characteristics, guidelines and patient-centred

Table 4
Structure, process and outcome (SPO) reported indicators.
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actions, there was little evidence of goal-setting or strategies for
behavioral change. Both items are crucial to the usability of mHealth
and consequent health outcomes, as behavioral strategies promote good
adherence and low attrition rates (Chen et al., 2023; Daly et al., 2021).
Intervention details mainly focused on the technology and features of
the mHealth application and often reported positive adherence results.
However, less information was provided on how interventions might be
integrated with daily practice. According to one systematic review on
usability of mHealth in geriatric rehabilitation, mHealth interventions
are most likely to succeed when they use simple applications and inte-
grate these with non-health interventions (Nussbaum et al., 2019). This
concept was not prominent in the included studies using application
interventions as opposed to usual care, and not integrated into the
overall treatment, raising the question of when and how mHealth apps
aid recovery, and what changes are needed in the organization and
workflow.

Only one study reported the inclusion of end-user input (e. g. older
adults, their caregivers and healthcare professionals). In a review of app
availability for frail adults, Soto-Bagaria et al. emphasized the impor-
tance of involving users in app development in order to ensure ease of use
and tailoring (Soto-Bagaria et al., 2023). Both factors enhance motiva-
tion and adherence, especially the ability to adapt to personal goals and
physical function. In addition to the app itself, the development of
mHealth-based interventions in geriatric rehabilitation should include
end-user input concerning barriers and facilitators
(Tossaint-Schoenmakers et al., 2022). These might include supervision,
such as home visits or phone calls by a healthcare professional, access to
a helpdesk, the attitude expected of end users and their views on
intervention complexity (Tossaint-Schoenmakers et al., 2022; Wong
et al., 2023;Wong et al., 2022). In summary, a prerequisite for successful
integration of a complex intervention is prior research focused on
structure and process changes, in co-creation with end users, aimed at
determining how mHealth adds value in geriatric rehabilitation.

The first strength of this review was the extensive search, with a
broad view on reported health outcomes. In addition we included an
overview of the interventions, presented in the adjusted Donabedian
SPO model, which provides comprehensive insight in the (presentation
on) content of mHealth in geriatric rehabilitation. The reported in-
dicators of this model highlighted the minimal reporting of the devel-
opment and integration of interventions. To increase research quality,
studies should focus on how changes at the structure and process levels
might facilitate future investigations.

One limitation across studies was heterogeneity, which was suffi-
cient to exclude meta-analysis (Boland et al., 2014). Studies variously
reported different thresholds for baseline cognitive functions, 19
different health outcomes, and mHealth interventions that varied from
web-based platforms to mobile apps to the sharing of hospital computer
systems. Timeframes also differed widely. The heterogeneity corre-
sponds with our broad inclusion criteria regarding diagnosis and health
outcomes. However, in this way, insights are based on the older popu-
lation in the post-acute setting, which is characterized by its multiple
diagnoses and its (risk of) frailty. Furthermore, although health out-
comes differ, most studies include some form of mobility or functioning,
which shows interest in similar goals which adds to the conversation on
important health outcomes. In addition, in our protocol, we proposed to
combine these assessments according to the Recommendations,
Assessment, Development and Evaluation (GRADE) method to establish
the body of evidence for a specific outcome. However, we judged this

not feasible on the same criteria as we discarded meta-analyzes. Other
reviews on mHealth interventions have reported similar limitations and
therefore recommended comprehensive RCTs (Gamble et al., 2024; Lee
et al., 2022; Linn et al., 2021; Solis-Navarro et al., 2022). This further
emphasizes the need for consensus on the definition of important health
outcomes for older adults in geriatric rehabilitation, as well as the
standardized use of measurements to enable the evaluation of the effects
of mHealth in older adults recovering from an acute event..

5. Conclusion

This systematic review adds to the understanding of the positive
effect of mHealth in geriatric rehabilitation, as included studies show
improvements in health outcomes favorable for most intervention
groups. The broad variability in outcomes, and methodologies among
studies, along with a generally high risk of bias, suggest cautious
interpretation. Also, there is a lack of consensus on key elements of
applications and structure and process elements of blended care.
Therefore, co-created interventions that incorporate insights from older
adults, healthcare professionals and stakeholders are needed for suc-
cessful uptake in daily practice, followed by the standardized investi-
gation of the implementation and impact of blended interventions on
health status. Optimized in that way, mHealth could offer a personalized
tool for independent use, to improve health status after an acute event in
older adults in geriatric rehabilitation and keep geriatric rehabilitation
accessible and affordable.
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Appendix A

Appendix B

Minimal clinical differences for measurements according to sralab.org
SPPB=> 0.5-1
EMS=> 2-2.6 COPM-P => 3.0 points
COPM-S => 3.2 points
FIM => FIM Total Score = 22 points, FIM Motor Subscale = 17 points, FIM Cognitive Subscale = 3 points
SAS => NR
MFAC => MDC => 0.482.
HHS => moderate improvement threshold 40 points
LEFS => MCID = 6 points or 11.3 % (hip impairment) 9 scale points.
TUG => 10.8 s
VAS pain => NR
FR => 4,1 -9
EQ-5D EuroQol => NR
VO2peak => NR
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Appendix C

Appendix D

Table E.1
Reaching an overall RoB judgement for a specific outcome according to ROBINS-tool.

Response option Criteria

Low risk of bias (the study is comparable to a well-performed randomized trial); The study is judged to be at low risk of bias for all domains.
Moderate risk of bias (the study appears to provide sound evidence for a non-
randomized study but cannot be considered comparable to a well-performed
randomized trial);

The study is judged to be at low or moderate risk of bias for all domains.

Serious risk of bias (the study has some important problems); The study is judged to be at serious risk of bias in at least one domain, but not at critical
risk of bias in any domain.

Critical risk of bias (the study is too problematic to provide any useful evidence and
should not be included in any synthesis);

The study is judged to be at critical risk of bias in at least one domain.

No information on which to base a judgement about risk of bias. There is no clear indication that the study is at serious or critical risk of bias and there is a
lack of information in one or more key domains of bias (a judgement is required for this).

Table E.2
Risk of bias assessment Mora et al. 2021.

Risk of bias assessment Score

Bias due to confounding Serious
Bias in selection of participants into the study Low
Bias in classification of interventions Low
Bias due to deviations from intended interventions Serious
Bias due to missing data Low
Bias in measurement of outcomes Low
Bias in selection of the reported result Low
Overall bias Serious
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Table E.3
Risk of bias assessment Ortiz-Pena et al. 2021.

Risk of bias assessment Score

Bias due to confounding Serious
Bias in selection of participants into the study Low
Bias in classification of interventions Low
Bias due to deviations from intended interventions Serious
Bias due to missing data Moderate
Bias in measurement of outcomes Low
Bias in selection of the reported result Low
Overall bias Serious
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Sterne, J. A. C., Savović, J., Page, M. J., Elbers, R. G., Blencowe, N. S., Boutron, I.,
Cates, C. J., Cheng, H.-Y., Corbett, M. S., Eldridge, S. M., Emberson, J. R.,
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