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.

The global population aged 60 years and over is expected to almost double between 2015 and 2050 from 12.0% to
22.0%, which will directly impact countries' labor market composition and increase the economic pressure on their
healthcare systems. One way to address these challenges is to promote Active and Healthy Ageing (AHA) using
mobile Health (mHealth). This research aims to provide an initial overview of the width and the depth of contemporary
preventive mHealth solutions that promote AHA among healthy, independent older adults (individuals aged 60 years
and over). To do so, an explorative scoping review was applied to search online databases for recent studies (March
2015 - March 2020) addressing the promotion of mHealth solutions targeting healthy and independent older adults. We
identified 31 publications that met the inclusion criteria. Most of them utilized either mobile (n=25) and/or wearable
(n=11) devices. mHealth solutions mostly promoted AHA by targeting older adults’ active lifestyles or independence.
Most of the studies (n=27) did not apply a theoretical framework on which the mHealth promotion was based. User-
experience was positive (n=12) when the solution was easy to use but negative (n=11) when the participants were
resistant or faced challenges using the device and/or technology. The review concludes that mHealth offers the
opportunity to combat the issues faced by an unhealthy and dependent ageing population by promoting AHA through
focusing on older adults’ Lifestyle, Daily functioning, and Participation. Future research should use multidisciplinary
integrated approaches and strong theoretical and methodological foundations to investigate mHealth solutions' impact
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Background

The world's population is experiencing delayed mortality and a
lower fertility rate due to improvements in education,
healthcare, sanitation, nutrition, and economic well-being [1].
The prevailing point of view among experts is that we will face
an ageing society, where older adults (individuals aged 60 years
and over) in the world relatively increase from 12% in 2015 to
22.0% in 2050 [2]. The increasing older population impacts the
old-age dependency ratio, where there will be fewer working-
age individuals to provide for the older generation, which will
increase the pressure on countries' economy, labor market
composition, and healthcare system [3]. To avoid that these
changes turn into challenges requires new approaches to prevent
that ageing comes with ill health and dependency [4], here
promoting Active and Healthy Ageing (AHA) could be key.
The concept of AHA refers to delaying the onset of morbidity,
improving quality of life, and increasing well-being [5,6].
However, besides the medical definition, at the core of AHA is
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the awareness regarding the subjective nature of what is
considered healthy and active ageing, meaning that the older
adult themselves should have both autonomy and independence
in defining their interpretation [7,8]. Thus, the primary goal is
to support the empowerment of older adult persons in
independently caring for their health [9]. Central in AHA is the
shift from treatment-based healthcare to prevention by using
innovative solutions which can be used to create the needed
changes in the older adults’ lifestyle, social participation, daily
functioning, and environment. One of the means widely
suggested to potentially stimulate AHA is mobile Health
(mHealth) [9,10]. mHealth refers to the usage of mobile
communication and computing technologies in healthcare and
public health [11]. These interventions are based on mobile
electronic devices, such as smartphones, mobile phones, tablets,
wearables, and medical devices connected to phones [11-13].
They carry out disease management by tracking health
information, such as falls, heart rate, steps, sleep quality, and
blood glucose [14], and create behavioral health changes such
as motivating particular lifestyles, dietary choices, and
exercises. Although the adoption of mHealth and other
electronic health technology among older adults has increased,
generally, the adoption rate is slow, which could be due to the
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low digital literacy skills among this population [15,16]. Also,
the efficacy of mHealth solutions is still limited due to a general
lack of sufficient methodology in the intervention and/or
product development, as well as a lack of relevant theory, its
one-dimensionality in addressing merely one aspect of health,
and its lack of suitability in the older adults’ lifestyle
[9,13,15,17-19]. This explorative scoping review aims to gain
insights into how contemporary preventive mHealth solutions
can be used to promote AHA by providing an overview of
recent studies in the field and highlighting their gaps. The
results can be used as a foundation for a more comprehensive
review, and ultimately by policymakers, developers, and
researchers to increase the effectiveness of interventions, avoid
duplication, and increase their understanding of AHA as a
theoretical concept in mHealth interventions.

Methods

The scoping review methodology allows for insight into the
field of mHealth solutions promoting AHA, which is essential
as this field has not been comprehensively reviewed yet. Also,
the method allows for an iterative process of data collection and
redefinition of search terms, which enhances the scope of
relevant data. The review followed Arksey and O’Malley’s first
five stages of their scoping review framework and used the
PRISMA flow diagram to visualize the data selection [20,21].
Ultimately, this review method can provide a range of evidence
that offers insights into the width and depth of the new field of
mHealth solutions promoting AHA.

Search strategy

A search was performed of the PubMed and Scopus databases
on March 11th, 2020, for relevant peer-reviewed articles written
in English. The search was conducted in merely two databases
as this paper aims to provide an explorative scoping review in
the field. The inclusion criteria in the final search query (see
appendix 1) were based on the study’s population and

intervention. The AHA aspect was left out due to the risk of
missing relevant data if choosing too specific search criteria for
this concept already at this stage. Instead, the AHA aspect was
assessed during screening; see study inclusion criteria presented
in Table 1. Before the data collection, an initial search was
conducted on Google Scholar to assess the relevance of the
chosen search strategy, which provided eight additional
keywords that fit this research's scope. The validity of the
process and suitability of the obtained articles were reviewed by
an independent investigator that screened all the titles and
abstracts using the search string and the inclusion and exclusion
criteria.

Inclusion and exclusion criteria

We searched for interventions that used a mHealth device or
application specifically developed for people aged 60 years and
over and focused on influencing healthcare, public health,
health promotion, or healthy lifestyles. The reviewed articles
were published between March 2015 and March 2020. This
period provided the most up-to-date studies on the topic, which
was especially relevant due to the fast pace of technology
development, making older mHealth solutions obsolete.
Interventions regarding pregnancy, birth control, literacy,
human immunodeficiency virus (HIV), sexually transmitted
diseases, and sexually transmitted infections were excluded, as
these keywords did not match the scope of this review.

To make the AHA concept more tangible, a conceptual model
was developed before data collection, based on literature in the
field. The model presents eight aspects of AHA. Four constitute
the core elements of AHA, namely: Healthy life expectancy,
Wellbeing, Quality of life, and Health. The remaining four are
regarded as the main factors to achieving the elements of AHA,
specifically: Lifestyle, Participation, Daily functioning, and
Environment. During the screening, these four main factors
were used as inclusion criteria. Eight sub-factors have been
identified under these factors (see Figure 1 and appendix 2).

Table 1 Study inclusion criteria, mHealth in active and healthy ageing promotion

Characteristic Inclusion criterion Notes

People aged 60 years
and over.

Study population

Old age is defined as people aged 60 years and older, a benchmark often used by the United
Nations [22]. Although a higher age limit for old age becomes more common, this review chose

a relatively low bar to apply an inclusive and broad definition aiming to take the diversity of
retirement ages, national development levels, and life expectancy into consideration.

Healthy older adults
Independent older

adults themselves
Study intervention The use of mHealth

solutions
Study outcome The promotion of

Refers to older adults not diagnosed with a chronic disease
Refers to older adults that live independently and were directly using the mHealth device

mHealth is defined as mobile communication and computing technologies supporting public
health and health care practices [11,17]
Outcomes are considered to target the concept of AHA if they address: lifestyle, participation,

AHA daily function, or environment (see appendix 2 and Figure 1)

Data extraction

All references were recorded in the reference manager Zotero
5.0.81 and exported for the first inspection round to the
screening tool Rayyan [23]. Several ad hoc selection criteria
were developed based on increased familiarity of the data to
determine duplicates and suitability based on title and abstract.
The remaining articles were thoroughly read and reported in a
data charting form based on the guidelines for conducting
systematic scoping reviews [24]. The form was piloted on the
ten first selected articles, after which more sections were added

to match the data set, and those articles were recharted. Finally,
the data was charted into the following sections: literature
characteristics (author, title, year of publication, reference,
location), study characteristics (the aim of the study, sample
size, age, technology proficiency, mean age, gender, control
group, device tested on older adults, data from elderly used in
device development, methodology, duration of the study,
theory), mHealth details (name of the device, type of device,
technology used, device and software description), AHA details
(AHA target, AHA main and sub-factor) and literature findings
(results).



Marcussen L, Marinus GD, Journal of Ideas in Health (2021); 4(1):307-320 309

Active and Healthy Ageing
0
-
6
Healthy life
5 Welleing Qualty of Ife
w \ /
Y
£
; Lifestyle Participation
& ifestyle articipation
£
[
2
g
0
0
g Healthy Active Formal Informl
-g lifestyle lifestyle participation participation External
0
'_ Independence

Figure 1 Conceptual model

Note. Conceptual model of active and healthy ageing elements and factors developed for this research.

Analyses

On the final data sample, numerical analysis and a qualitative
thematic construction based on the conceptual model (see
Figure 1) were conducted with attention to nature, extent, and
type of studies included in this scoping review. To do this, the
intended and unintended outcomes of each mHealth device
were assessed and compared with the literature findings as
portrayed in appendix 2, which forms the base of the conceptual
model. Finally, to portray the use of mHealth on different AHA
functions, a cross-tabulation was created.

Table 2 Exclusion criterion for articles

Results

In total, 2,912 references were generated on PubMed and 1,437
on Scopus. After the first round, 699 duplicates were removed,
and 3,370 articles were excluded due to not meeting the
inclusion criteria based on their title and abstract. The second-
round assessed the body of 280 articles and concluded that 249
of them were not in line with this study’s scope, mainly due to
the wrong population (n = 73) and wrong methodology (n = 65)
(find more details in Table 2). Finally, 31 articles remained for
the final numeric and qualitative thematic analysis (see Figure
2).

Reason for exclusion Notes

Wrong population

mHealth device was not directly used by the elderly, and no age group mentioned, sample younger than 55

years, older adult diagnosed with chronic disease

Could not download the article Full article not accessible
Wrong methodology
Not mHealth device

mounted cameras.
Reviews

Other

mHealth device not tested on older adults or older adults not consulted in the design

Devices not mobile or possessing communication/computing technologies, for example, hearing aids and

When their eligibility criteria either did not match this study’s criteria or was unavailable

The devices were supposed to be used at the clinic; when there were multiple studies about the same device,

only the most recent paper was included; the device focused on diagnosis, treatment, or surgical recovery.
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Study Characteristics

The selected articles had a total of 534 participants. These
studies were conducted in five continents — Asia (n = 6), Europe
(n = 13), North America (n = 8), Oceania (n = 1), and South
America (n = 2) — and one study was multicontinental between
Asia and Europe. Most of the studies were published in 2018 (n
=10) and 2019 (n = 7), and there were no studies published in
2020 (see Table 3). When focused on the different mHealth
solutions, eleven types of mHealth tools were identified, which

could be grouped into four types of devices and technologies.
By far, the most prominent type of mHealth device was a
mobile device (n = 25), and the most popular mHealth
technology was a mobile application (n = 25) (see Table 4). For
the different studies’ design, predominantly quantitative (n =
15) or mixed methods (n = 11) were used, whereas qualitative
methods were less common (n = 5). Moreover, it became
apparent that 27 studies did not have a theoretical framework on
which the mHealth promotion was based.
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Figure 2 PRISMA flow diagram of included studies
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Table 3 Characteristics of included studies in the scoping review

Author

Function

mHealth
device

Intervention description

AHA main
factor

AHA sub-factor

Country

Age Target
population

Sample
gender

Sample
size

Duration of
intervention

Hsieh et al., 2018
[29]

Fall risk
application

Smartphone &
tablet

The ‘steady’ app was developed to determine the usability of fall risk apps
among healthy older adults.

The app contained a self-reported 13 item questionnaire of health history &
progressive posture stability tests. The usability was measured using semi-
structured interviews. Overall, the usability on smartphones had a higher mean
score than the usability on tablets & instructions should be clear and
straightforward.

Daily
functioning

Independence &
secure living

USA

70<

Mixed

11

NA

Li et al., 2019
[26]

PA and
sleeping
promoter

Smartwatch,
tablet & activity
tracker

The pilot study evaluates the feasibility of using an activity tracker and
application to improve PA (physical activity) and sleeping based on the self-
efficacy theory.

The feasibility was tested using quasi-experimental pre-and post-test without a
control group. The study found that mHealth technology helped motivate and
achieve PA goals, decreasing sedentary time, but no difference in sleep.
However, the sustainability of the behavioral change is unknown as well a lack
of usability was reported.

Lifestyle

Active lifestyle

USA

65-85

Mixed

6 weeks

Lutze et al., 2015
[27]

Ambient
assisted
living
monitoring

Smartwatch

The created application (containing communication, orientation, localization,
and detection of health hazards) for smartwatches aims at supporting and
securing everyday life.

The systematic architecture assessment found that the app's practical utility
was positive but that the lack of fine motoric skills regarding the smartwatch
raised concerns.

Daily
functioning

Independence

Germany

younger
and  older
seniors

Mixed

NA

a couple of
weeks

Steinert et al.,
2018 [28]

Activity
tracker

Activity tracker
& smartphone

The "Mooc @ home' uses a tracking device and smartphone application to
motivate PA and gain user behavior insights.

The pilot study’s validated usability test, interviews, and physical tests found
that PA, balancing ability, and subjective parameters (sleep, fitness level,
endurance) increased. There was no difference in BMI and subjective health.

Lifestyle

Active lifestyle

Germany

60<

Mixed

20

4 weeks

Hill et al., 2018
[29]

Attention
training

Tablet

The mobile cognitive attention training application was assessed on their
usability and acceptability in home-based use.

The mixed methods (survey and interview) showed that, on average, the
participants rated the app positively and enjoyed the experience. However, they
also reported a lack of engagement, confusion with use, and technical
difficulties.

Daily
functioning

Functional ability

USA

60<

Mixed

12

Two weeks

Hsieh, 2015 [30]

Virtual pet

Smartphone

The mobile application ‘Pet Cure’ aims to use virtual pets as communication
media to assist in using medical mobile applications that observe physical and
mental conditions.

Based on a group interview and questionnaire, it was found that the virtual
pets enhanced the older adults” willingness to use the medical application.

Lifestyle

Active lifestyle

Taiwan

Mixed

12

1 day

Lin et al., 2016
[31]

Smart
clothing

Wearable
instrumented vest

The wearable instrument vest was developed to improve posture due to real-
time monitoring and emergency warnings through a mobile application.

The TAM usability verification showed a positive relationship between
perceived ease of use, usefulness, attitude, and behavioral intent. However,
technological anxiety towards the vest leads to a lack of willingness and
difficulty with use.

Daily
functioning

Independence &
secure living

Taiwan

Mixed

50

30 min
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Stara et al., 2018
[32]

Fall risk
detection via
soles

Instrumented
insoles &
smartphone

The study reports the usability and user experience between countries with the
fall-risk_connected health system ‘WISEL’. The system uses foot soles and a
smartphone app to measure gait and balance parameters to detect falls.

The User-Centred Design found no major differences between countries and
that safety and security were rated as highly successful.

Daily
functioning

Independence &
secure living

Ireland,
Italy, Israel

60<

Mixed

15

3 days

Lee et al., 2016
[33]

PA promoter
application

Tablet

The tablet application for on-demand exercise programs was examined for its
effect on function, health status, and efficacy.

The effect was tested using a Quasi-experimental pre-and post-test with a
control group. It showed that the application combined with weekly group-
based exercises is associated with increased self-efficacy, cognitive functioning,
and outcome expectancy. No difference was found between the two groups on
ADL and PHS measures.

Lifestyle

Active lifestyle

Korea

65<

Females

16

4 months

Baoetal.,
2018 [34]

Balance
trainer

Smartphone &
wearable device

This study assessed long-term balance training efficacy with sensory
augmentations using an iPod and an elastic belt.

The preliminary RCT showed that all participants completed the training
without physical complaints or injuries and that the users had increased balance
performance and SOT scores compared to the control group.

Daily
functioning

Independence &
functional ability

USA

65-85

Mixed

8 weeks

Shake et al.,
2018 [35]

Bingo with
PA and
education

Tablet

The game-centered mobile application ‘Bingocize’ was examined if its
combination of bingo and healthy activities and education can increase PA and

cognitive performance.
The quasi-experimental design containing two groups (health education &

health education + activity), showed that both groups had increased program
adherence and attendance rate, but both did not show improvement in cognitive
performance. The group with both health exercise and education had higher
functional and physical performance than the only education group.

Lifestyle &
Participatio
n

Active
informal
participation,
formal
participation

lifestyle,

USA

NA

Mixed

46

10 weeks

Deepak et al.,
2018 [36]

Healthy
eating
application

Smartphone

The smartphone application ‘ElderEat’ was evaluated on its effect on the user’s
daily food consumption based on their energy requirements.

The questionnaire showed that the users had increased knowledge of the Thai
Nutrition Flag and dietary guidelines. However, more than half continued to
misunderstand the guidelines regarding drinking water.

Lifestyle

Healthy lifestyle

Thailand

60-80

Mixed

14

30 min

Sunghoon et al.,
2019 [37]

Monitoring
solution

Smartphone

The monitoring tool ‘ECA’ (for the older adult) was assessed on its usability to
provide an older adult with solutions for ageing problems (fall detection, pill
assistance, chat, allergy, emotion, and activity log service).

Based on surveys, it was found that the interface was not user-friendly, and it
could cause a disturbance in daily routine. However, it did facility
communication between children and older adults and suitability to remind
mediation. However, testing was limited; thus, the system could not be
evaluated properly.

Daily
functioning
& lifestyle

Independence,
functional ability
& active lifestyle

Switzerland

56-69

Mixed

Handojo et al.,
2017 [38]

Monitoring
solution

Smartphone

The study examines the mobile phone application's usability to monitor the self-
health of the older adult (containing medication reminders, medical records,
emergency assistance, and GPS).

The questionnaire showed that the participants rate the information, ease of
use, benefits of the applications as good.

Daily
functioning

Independence &
secure living

Indonesia

60<

NA

20

NA

Zimmermann et
al., [39]

PA promoter
application

Smartwatch &
smartphone

The PA promoter application ‘EPARS’ suitability to monitor activities using
smartphone and wearable sensors were examined.
The study found that the app had 98.63% accuracy but that some members had

false-positive occurrences due to confusion and that the notification to do
exercises caused an unwelcome disturbance in their life.

Lifestyle

Active lifestyle

Brazil

60-75

Mixed

32

2 weeks

Huq et al., 2016
[40]

Fall
detection
application

Smartphone

The study evaluates the suitability to use axial accelerometer data through
smartphones to detect falls, where detection of falls would be monitored and
assisted by an operator.

Daily
functioning

Independence &
secure living

Australia

65<

Mixed

57

6 months
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The pilot data from Raw Movement Data System and InspectLife Surveillance
Web System showed that the accelerometer was suitable to measure falls.
However, there are too many false fall registrations. The feedback from the
participants shows that they are generally positive, but they did not have an
increased sense of security.

Alsager & | PA and | Smartphone The persuasive mobile app ‘Adherence Booster’ was examined on its suitability | Lifestyle Active lifestyle USA 55-64, 65- | Mixed 20 30 days
Chatterjee, 2017 | cognitive to boost older adult adherence to exercise to prevent cognitive decline. The app 74, and 75
[41] training encourages PA and memory activities among older adult based on social or above)
application cognition theory,
The RCT shows that the amount of exercise and adherence is higher and that
short-term memory was improved among the individuals who used the app;
however, the number of exercises per adherent was not higher.
Paul et al.,, 2017 | PA Smartphone The interactive smartphone application ‘STARFISH’ acceptability and usability | Lifestyle Active lifestyle United 65< Mixed 15 6 weeks
[42] promotion to increase PA based on behavior change techniques are assessed. Kingdom
via The pilot BCT mapping showed that participants outweighed the benefits
gamification above the app's difficulties, found the app easy to use, and reported positive
(fish) health development (physically and psychologically). However, the layout of
the app could be made more suitable to the target population and certain
features of the app.
Santos et al, | PA promoter | Smartphone The study describes the development of interactive games for fall prevention | Daily Independence & | Portugal 60< Mixed 5 NA
2015 [43] application and rehabilitation and tests their usability. The mixed methods (observation | functioning active lifestyle
via and validation dataset) showed that participants found the system easy to use | & lifestyle
gamification and that they were enthusiastic and motivated to use the app. However, they
faced frustration with correctly positioning the devices as well as with
inaccuracy of the algorithms.
Demiris et al., | Fall Wearable device The study investigates the usability of a typical automatic fall detection device | Daily Independence USA 62< Mixed 8 4 months
2016 [44] detection with an accelerometer, magnetometer, and microphone. functioning
device The longitudinal usability study and interviews with participants found that
the participants were enthusiastic, doing it beneficial, and felt more secure.
However, some subjects saw the device as a burden, had troubles maintaining
the device, displeased the aesthetic, or would not take the device with them in
fear of losing it.
Davis et al., 2016 | Bidirectional | Smartphone & | The study investigates the perception of activity levels that help improve social | Lifestyle Active lifestyle Canada 72< Female 6 2 weeks
[45] ambient Ultrabook connectedness through human activity-based ambient displays.
display display The experimental human activity recognition system and feedback from
platform users showed that participants had a sense of peace of mind, did not find
wearing a phone around their waist obtrusive, increase the feeling of closeness,
and increased awareness of activity levels. However, participants expressed the
feeling of social distance during periods of inactivity, and some had privacy
issues.
Sucerquia et al., | Fall Wearable device The real-time fall detection device called 'SisFall’ effectiveness is examined. | Daily Independence Colombia 60< Mixed 17 1 week
2018 [46] detection The device uses a microcontroller, sensor, and GRPS transmitter to active when | functioning
device a fall has been detected.
The pilot study’s data showed that the older adult has the same ADL as the
youngster, that the device registers to main false falls, and that it is not strong
enough to withstand bumping or falls.
Papagiannaki et | Activity Wearable sensors | The activity classification scheme for detecting movement patterns called the | Lifestyle Active lifestyle Greece 70-92 Mixed 20 NA
al., 2019 [47] tracking 'FrailSafe project’ effective was examined.
application The experimental cross-validation based on the deep-learning approach shows

that the schema was able to unobtrusive monitor movement patterns among
older adults.
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Steinert et al., | Self- Smartphone The effectiveness and suitability of the self-monitoring health goals through a | Lifestyle Active lifestyle & | Germany 60< Mixed 30 4 weeks
2016 [48] monitoring smartphone application called ‘MyTherapy’ was examined. healthy lifestyle
The questionnaire showed that adherence to medication guidelines, fruit intake,
and fish intake improved. However, no increase was found in water intake, no
PA, no weight loss, and no increase in social contacts.
Miura et al, | Activity Smartphone The smartphone-based fait measurement application for exercise ‘AyuLog’ | Lifestyle & | Active lifestyle & | Japan 60< Mixed 50 3 months
2015 [49] tracking effectiveness was measured, which measure daily acceleration and GPS | Participatio informal
location. n participation
The focus group, surveys, and health measurements found that the GPS's
success rate was 97.6%, and it helped maintain walking activity. Almost all
participants indicated that they found using the app easily and continue using it.
The app. However, no significant relationship was found among changes of
walking velocity and number of walking days and distance.
Ribeiro et al., | Healthy Activity tracker | The meal recommender system ‘SousChef” was developed to study barriers in | Lifestyle Active lifestyle & | Portugal 65< NA 9 NA
2018 [50] eating & smartphone adopting healthier eating habits and explore new ideas to promote these habits. healthy lifestyle
application The individual semi-structured interviews showed that the system allows
individuals to adhere to nutrition guidelines well choosing alternative dishes
than initially suggested.
Matthies et al., | Activity Smartwatch The study assesses the effectiveness of step counting alerting for wrist-worn | Lifestyle Active lifestyle Germany 75-82 Mixed 5 1 day
2018 [51] tracker accelerometers.
The preliminary field study showed that a 90% recognition rate, which is way
higher than other smartwatches (10%)
Mehra et al, | PA promoter | Tablet The study assesses a tablet-based app's usability to support an older adult in | Lifestyle Active lifestyle The 69-99 Mixed 14 1 day
2019 [52] application doing exercises at home. Netherlands
Based on user performances and interviews, the app showed that participants
successfully use it. Most of the participants were satisfied with the app use.
However, some participants would prefer more extensive instructions.
Orso et al., 2019 | Food Smartphone The mobile app ‘Salus’ uses mobile assistance to monitor food intake. Lifestyle Healthy lifestyle Italy 60< Mixed 22 1 week
[53] monitoring The app's data and focus group's assessment showed that 89% of the actions
application were correctly targeted. The AP also received a positive evaluation of the user.
However, the frequency of access decreased during the trial, lower the amount
of use.
Thilo et al., 2019 | Fall Wearable sensor | The study assesses the usability of the Pwearable fail detection prototype | Daily Independence & | Switzerland | 75-92 Mixed 15 9 days
[54] detection & smartphone through community-dwelling involvement, based on Medical Device | functioning secure living
device Technology Development Process.
The focus group showed that the device was comfortable and easy to use.
However, the battery was of low quality, needing frequent recharging and the
wireless function had very limited reach. The participants also preferred more
training.
Kolakowski et | Fall Wearable & | The study assesses the effectiveness of wireless mobility and behavioral | Daily Independence & | Poland 65< NA N/A 5 days
al., 2015 [55] detection stationary node measurement system. functioning secure living
device The mobile phone appointment, client satisfaction, and waiting list

management system showed many technical issues regarding not correctly
measuring body movements and location information.
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Table 4 Types of mHealth devices and technologies

Type of mHealth device

Type of mHealth technology

n
Mobile device 25
[22, 23, 25, 27, 29, 31-40, 42, 45-47, 49, 50, 51]

Wearable device 11
[23, 24, 28, 31, 36, 41, 43, 44, 48, 51, 52]

Activity tracker 3
[25, 29, 47]

Non-wearable device 2
[42,52]

n
Application 25
[22-30, 32-40, 45-51]

Movement recognition 6
[29, 31, 36, 42, 51, 52]

Algorithm 3
[33, 43, 44]

Location tracking 2
[28, 41]

The sum of n per category could exceed or not reach 31 as papers can be classified in multiple sub-categories or none if the item was not reported.

AHA factors in mHealth Solutions

The articles' composition outcome showed that mHealth
solutions used three main overarching factors in AHA:
Lifestyle, Participation, and Daily functioning. Most of the
articles focused on the AHA-related Lifestyle (n = 19) and
Daily functioning (n = 14) of the older adult, with their most

addressed subfactors being active lifestyle (n = 17) and
independence (n = 13) (see Table 5). The studies used 21
different mHealth functions. However, only a few were
reoccurring between the studies and AHA factors. The most
reoccurring was activity tracking (n = 4), physical activity (PA)
promoter applications (n = 4) and fall detection devices (n = 4)

(see Table 5).

Table 5 Cross-tabulation of AHA domains and mHealth functions.

Main domain Sub-domain mHealth function n Reference index
Lifestyle Healthy lifestyle Healthy eating application 3 [33, 47, 50]
Self-monitoring 1 [45]
Active lifestyle Active bingo 1 [32]
Activity tracking 4 [25, 44, 46, 48]
Bidirectional ambient display platform 1 [42]
Healthy eating application 2 [47,50]
Monitoring solution 1 [34]
PA and cognitive training application 1 [38]
PA promoter application 4 [23, 30, 36, 49]
PA promoter application via gamification 2 [39, 40]
Self-monitoring 1 [45]
Virtual pet 1 [37]
Participation Formal participation Active bingo 1 [32]
Informal participation Active bingo 1 [32]
Activity tracking 1 [46]
Daily functioning Independence Ambient assisted living monitoring 1 [24]
Balance training 1 [31]
Fall detection application 1 [37]
Fall detection device 4 [41, 43, 51, 52] [22]
Fall risk application 1 [29]
Fall risk detection via soles 1 [34, 35]
Monitoring solution 2 [40]
PA promoter application via gamification 1 [28]
Smart clothing monitoring 1
Functional ability Attention training 1 [26]
Balance training 1 [31]
Monitoring solution 1 [34]
Secure living Fall detection application 1 [37]
Fall detection device 2 [51, 52]
Fall risk application 1 [22]
Monitoring solution 1 [35]
Smart clothing monitoring 1 [28]

The sum of n per category could exceed or not reach 31 as papers can be classified in multiple sub-categories or none if the item were not reported on
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Implementation Evaluation of mHealth Solutions for AHA
Promotions

The outcome of the implementation of mHealth solutions can
facilitate understanding of how mHealth can promote AHA.
Many solutions address multiple AHA factors; thus, to avoid
duplication and a skewed perspective of the outcomes, the
solutions are not explored per factor. Instead, three evaluation
themes were identified during data analysis, which is: Outcome
evaluation, Participatory satisfaction evaluation, and Technical
process evaluation. Based on the studies' results, almost one-
third (n = 13) reported specific unsuccessful outcomes. These
were mainly on the theme’s satisfaction/enthusiasm of
participants, improved physical activity, or general health
improvements. Twenty studies reported general successful
outcomes; the reasons of the studies' success generally
conceded with the opposite that caused unsuccessful outcomes
of the other studies (see Table 6). However, most studies did
not offer specific explanations of how the (lack) of success was
measured and determined. The participatory satisfaction
evaluation provided insights into how the participants

experienced the mHealth solution, which can be a prerequisite
for successful implementation. The reasons for positive (n = 12)
and negative experiences (n = 11) were concurrent: the device's
usability. Individuals had a negative experience when they were
met with resistance or faced challenges in using the device but a
positive experience when it was easy to use (see Table 6).
Several studies indicated a need for more age-appropriate
designs or multiple versions of the same device to address the
heterogeneity in the population and a cultural change among
older adults to reduce the stigma around fall detection devices
[44, 54]. It was visible that most studies focused less on user
experience and more on their mHealth solution's technical
development. Eleven studies reported positively, and nine
studies negatively on this aspect. The most common reasons for
technical challenges were that the devices/applications issued
off too many false alarms, and the data was not accurate enough
to support the older adult in their everyday life sufficiently.
These outcomes highlight that not all mHealth solutions have
sufficiently developed technical systems, especially fall
detection devices appear to require improvement (see Table 6).

Table 6 Implementation evaluation of mHealth solutions for AHA promotions

Evaluation Classification Category ~ Reason n Reference
Outcome Successful outcome Improved PA 9 [23, 25, 31, 32, 38, 45, 46]
evaluation Increased health consciousness 5 [25, 30, 39, 46, 49]
Increased social engagement 4 [37, 39, 42, 46]
Increased feeling of security 3 [22, 37,41
Improved cognitive functioning 3 [26, 30, 42]
Boosted high adherence to the intervention 2 [32, 38]
Overall satisfied and/or enthusiastic 9 [26, 29, 32, 35, 37, 40, 41, 49, 50]
Increased knowledge 2 [22, 23]
Unsuccessful outcome None or modest PA improvements 5 [25, 30, 32, 39, 45]
None or modest general health 4 [23, 31, 45, 46]
improvements
No perceived need of a device 1 [41]
Device disturbing 2 [35, 41]
No increased feeling of safety 1 [37]
Lack of engagement 2 [26, 40]
No knowledge increase 1 [33]
Participatory  Positive user experience  High usability 6 [22, 24, 33, 35, 38, 50]
satisfaction Easy to use 9 [22, 28, 31, 35, 39, 40, 49, 50, 51]
evaluation Negative user experience  Challenging to use device 11 [22, 23, 24, 28, 33, 37, 39, 41, 46, 49, 51]
Resistance to using the device 4 [28, 37, 41, 51]
Technical Technical benefits Specific technology proved useful 6 [23, 27, 31, 34, 44, 46]
process Positive technological outcomes 3 [36, 46, 48]
evaluation Not feeling limited by wearing the device 3 [37, 42, 50]
Technical challenges Negative influence on everyday life 1 [51]
Poor accuracy 2 [30, 52]
False fall alarms 5 [36, 37, 41, 43, 51]

The sum of n per category could exceed or not reach 31 as papers can be classified in multiple sub-categories or none if the item were not reported

Conclusion

detection devices,

and physical

activity (PA) promoter

The conducted explorative scoping review aimed at providing a
first overview of contemporary preventive mHealth solutions
that promote AHA among healthy, independent older adults.

Main findings

The 31 reviewed articles showed that most studies were
conducted in either Europe or North America and that the most
prevalent mHealth solutions were activity trackers, fall

applications. Regarding AHA factors, the most addressed were
Lifestyle and Daily functioning. Only two studies targeted the
factor of Participation, and none focused on the Environmental
factor. Regarding the methods to achieve AHA, the studies
generally aimed at improving an active lifestyle and
increasing/maintaining independence.

The scoping review also showed that the mHealth promotion
studies mainly focused on the technical development of the
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device or application and lacked focus on the effects the
mHealth solution had on AHA behavioral change. The
causation might be due to both a deficiency of methodological
rigor and the absence of theoretical foundations.

According to user experiences, many studies reported a lack of
ease of use and suitability to the target population. The leading
cause was that the mHealth solutions were disrupting older
adults’ life. Even though the older adults were at the center of
these mHealth devices' development process, often the tools
were not adapted appropriately for their everyday life.
Highlighting, once again, the importance of increased inclusion
of older adults in the design and development of mHealth
solutions and repeated usability tests before final
implementation. In general, more negative remarks were
recorded regarding the devices' user experience than the
technological capabilities of the solutions, which indicates that
the lack of technical development is less of an issue than the
usability of the solution.

Strengths and limitations

This scoping review was able to screen a broad scope of
references, providing new insights into the width and depth the
field of mHealth solutions has for AHA. The methodology
allowed for the inclusion of a wide variety of study designs as it
did not exclude references based on quality [20]. The review
shows the importance of high technology standards,
understanding users' perspectives regarding both their needs
and specific solutions' usefulness, and what type of health
behavior the devices can influence.

Nevertheless, the research was limited as only published, and
peer-reviewed articles were included, which led to the exclusion
of publications on commercial mHealth solutions. Besides,
scoping reviews are naturally limited due to their secondary
data, which only shows what the original authors reported on
and not the entire data set. Finally, this method does not aim to
synthesize evidence [18]; thus, this research was unable to
generalize the effectiveness of mHealth solutions among
healthy older adults.

Interpretation

To create, adapt, and adopt successful mHealth solutions for the
promotion of AHA behaviors, we propose that future studies
could benefit from being grounded in a rigorous methodological
and theoretical foundation by wusing an integrated
multidisciplinary approach and focusing on the effects of
mHealth solutions on AHA behavioral change. To increase the
chance of successful implementation and adoption by older
adults, new studies should aim to target a wider variety of AHA
factors instead of trying to improve only one.

This research provides intervention developers, healthcare
professionals, and mobile tech developers with an initial
overview of AHA promotion's mHealth field. It offers
information to facilitate investment, implementation, and
scaleup of successful mHealth solutions. These suggestions can
be used to avoid duplicating mistakes and create new effective
mHealth solutions. Ultimately, integrating these suggestions
could empower older adults to autonomously care for their
health and increase their amount of independent, healthy life
years, thus decreasing the pressure on healthcare systems and

the working-age population caused by the increasing old-age
dependency ratio.

Conclusions

mHealth can promote older adults’ AHA behavior by targeting
their Lifestyle, Participation, and Daily functioning. More
specifically, addressing older adults’ independence and an
active lifestyle are the most common ways of AHA promotion,
mainly materialized through activity tracking, PA promotion,
and fall detection.

This review focused on mHealth solutions developed
specifically for older adults. However, many older individuals
experienced challenges when using the devices—underlining
the importance of using an integrated approach where the target
population is heavily involved in the design, implementation,
and maintenance of the mHealth solutions. Besides, the
reviewed studies showed a lack of methodological rigor and
theoretical foundation and concentration on the effects that
mHealth solutions have on AHA behavioral changes. By
applying multidisciplinary approaches, improvements could be
made, where both social scientists for behavioral change and
mobile technology engineers work together.

In conclusion, this research provides an initial overview of
contemporary mHealth solutions promoting AHA among
healthy and independent older adults. Through further
development and upscaling of mHealth solutions, more will be
known about their viability to empower older adults and
decrease the pressure on the healthcare system caused by an
ageing population.

Abbreviation

mHealth: mobile Health; AHA: Active and Healthy Ageing; HIV:
Human Immunodeficiency Virus; PA: Physical Activity; RCT:
Randomized Control Trial; BCT: Behavior Change Techniques

Declaration

Acknowledgment

The authors would like to acknowledge the support that was received
from dr. Cha-Hsuan Liu. Her guidance and knowledge on social science
methodology and healthcare is highly appreciated.

Funding
The authors received no financial support for their research, authorship,
and/or publication of this article.

Availability of data and materials
Data will be available by
lina.marcussen@gmail.com

emailing Lina  Marcussen:

Authors’ contributions
Authors are equally participated in this work. All authors have read and
approved the final manuscript.

Ethics approval and consent to participate
We conducted the research following the Declaration of Helsinki.
However, the Review Article needs no ethics committee approval.

Consent for publication

Both authors declare to have provided substantial contributions to the
conception or design of the work, including the acquisition, analysis,
and interpretation of data. They have both participated in drafting the
work and revising. Lina Marcussen’s contribution is weighted in the



Marcussen L, Marinus GD, Journal of Ideas in Health (2021); 4(1):307-320 318

collection of the data and Jesse David Marinus had a prominent role in
the revision.

Both authors have given final approval of the version to be published
and agreement to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved.

Competing interest
The authors declare that they have no competing interest.

Open Access

This article is distributed under the terms of the Creative Commons
Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The Creative Commons Public Domain Dedication
waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to
the data made available in this article, unless otherwise stated.

Author details

*Independent researcher, Amsterdam, Netherlands
https://orcid.org/0000-0001-5224-5681
2Independent researcher, Maarssen, Netherlands
https://orcid.org/0000-0002-5781-9741

Article Info

Received: 28 November 2020
Accepted: 08 February 2020
Published: 20 March 2021

References

1. United Nations Population Fund [Internet]. Ageing; c2015
Available from: https://www.unfpa.org/ageing [Accessed on 21
April 2020].

2. Word Health Organization [Internet]. Ageing and Health; c2018
Available from: https://mww.who.int/news-room/fact-
sheets/detail/ageing-and-health [Accessed on 19 April 2020].

3. United Nations. [Internet]. World Population Prospects 2019:
Highlights; €2019. Available from:
https://population.un.org/wpp/Publications/Files/WPP2019_Highl
ights.pdf [Accessed on 7 May 2020].

4. Urefia R, Gonzélez-Alvarez A, Chiclana F, Herrera-Viedma E,
Moral-Munoz J. 10S-Press. 2018. https://doi.org/10.3233/978-1-
61499-900-3-87

5. Bousquet J, lllario M, Farrell J, Batey N, Carriazo A, Malva J, et
al. The Reference Site Collaborative Network of the European
Innovation Partnership on Active and Healthy Ageing.
Translational Medicine. 2019; 19: 66-81.

6.  Word Health Organisation [Internet]. Decade of Healthy Ageing
2020-2030. €2019. Auvailable from:
https://www.who.int/ageing/decade-of-healthy-ageing [Accessed
on 20 January 2020].

7.  Word Health Organisation [Internet]. Active Ageing A Policy
Framework. c2002 [Accessed on 20 January 2020]. Available
from: https://extranet.who.int/agefriendlyworld/wp-
content/uploads/2014/06/WHO-Active-Ageing-Framework.pdf

8. Bowling A. Ageing well: Quality of life in old age. McGraw-hill
education (UK). 2005.

9.  Helbostad JL, Vereijken B, Becker C, Todd C, Taraldsen K,
Pijnappels M, et al. Mobile Health Applications to Promote
Active and Healthy Ageing. Sensors. 2017; 17(3): 622.
https://doi.org/10.3390/s17030622

10. Faiola A, Papautsky EL, Isola M. Empowering the Ageing with
Mobile Health: A mHealth Framework for Supporting Sustainable
Healthy Lifestyle Behavior. Current Problems in Cardiology.
2019; 44(8): 232-266.
https://doi.org/10.1016/j.cpcardiol.2018.06.003

11. Free, C, Phillips, G, Felix, L, Galli, L, Patel, V, & Edwards, P.
The effectiveness of M-health technologies for improving health
and health services: A systematic review protocol. BMC Research
Notes. 2010; 3(1). https://doi.org/10.1186/1756-0500-3-250

12. Dicianno, BE, Parmanto, B, Fairman, AD, Crytzer, TM, Yu, DX,
Pramana, G, Coughenour, D, & Petrazzi, A. A Perspectives on the

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Evolution of Mobile (mHealth) Technologies and Application to
Rehabilitation. Physical Therapy. 2015; 95(3), 397-405.
https://doi.org/10.2522/ptj.20130534

Marcolino MS, Oliveira JAQ, D’Agostino M, Ribeiro AL,
Alkmim MBM, Novillo-Ortiz D. The Impact of mHealth
Interventions: Systematic Review of Systematic Reviews. JMIR
MHealth and UHealth. 2018; 6(1): e23.
https://doi.org/10.2196/mhealth.8873

Wang FT, Chan HL, Hsu MH, Lin CK, Chao PK, Chang YJ.
Threshold-based fall detection using a hybrid of tri-axial
accelerometer and gyroscope. Physiological Measurement. 2018;
39(10). doi: https://doi.org/10.1088/1361-6579/aae0eb
Recio-Rodriguez JI, Lugones-Sanchez C, Agudo-Conde C,
Gonzélez-Sanchez J, Tamayo-Morales O, Gonzalez-Sanchez S, et
al. Combined use of smartphone and smartband technology in the
improvement of lifestyles in the adult population over 65 years:
Study protocol for a randomized clinical trial. BMC Geriatrics.
2019; 19(1): 19. https://doi.org/10.1186/s12877-019-1037-y
Devos P, Min Jou A, De Waele G, Petrovic M. Design for
personalized mobile health applications for enhanced older people
participation. European Geriatric Medicine. 2015; 6(6): 593-597.
https://doi.org/10.1016/j.eurger.2015.10.004

Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS.
Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: A systematic review. Journal of
Medical Internet Research. 2015;17(2): e52.
https://doi.org/10.2196/jmir.3951

Bull S, Ezeanochie N. From Foucault to Freire Through
Facebook: Toward an Integrated Theory of mHealth. Health
Education & Behavior. 2016; 43(4): 399-411.
https://doi.org/10.1177/1090198115605310

Dahlke DV, Fair K, Hong YA, Beaudoin CE, Pulczinski J, Ory
MG. Apps Seeking Theories: Results of a Study on the Use of
Health Behavior Change Theories in Cancer Survivorship Mobile

Apps. JMIR MHealth and UHealth. 2015; 3(1): e31.
https://doi.org/10.2196/mhealth.3861

Arksey H, O’Malley L. Scoping studies: Towards a
methodological framework. International Journal of Social
Research Methodology. 2005; 8(1): 19-32.

https://doi.org/10.1080/1364557032000119616

Moher D, Liberati A, Tetzlaff J, Altman DG. Prisma Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS med. 2009; 6(7):
€1000097. https://doi.org/10.1371/journal.pmed.1000097

United Nations. [Internet]. World Population Ageing 2017 -
Highlights (ST/ESA/SER.A/397); ¢2017 [Accessed on 7 April
2020]. Auvailable from:
https://www.un.org/en/development/desa/population/publications/
pdf/ageing/WPA2017_Highlights.pdf

Ouzzani M, Hammady H, Fedorowicz Z, EImagarmid A. Rayyan:
a web and mobile app for systematic reviews. Systematic
Reviews. 2016; 5(210). https://doi.org/10.1186/s13643-016-0384-
4

Peters MDJ, Godfrey CM, Khalil H, Mclnerney P, Parker D,
Soares CB. Guidance for conducting systematic scoping reviews.
International Journal of Evidence-Based Healthcare. 2015; 13(3):
141. https://doi.org/10.1097/XEB.0000000000000050

Hsieh KL, Fanning JT, Rogers WA, Wood TA, Sosnoff JJ. A Fall
Risk mHealth App for Older Adults: Development and Usability
Study. JMIR Ageing. 2018; 1(2): e11569.

Li J, Hodgson N, Lyons MM, Chen KC, Yu F, Gooneratne NS. A
personalized behavioural intervention implementing mHealth
technologies for older adults: A pilot feasibility study. Geriatric
Nursing.2019;14(3):313-319.
https://doi.org/10.1016/j.gerinurse.2019.11.011

Lutze R, Waldhor K, Fu WT, Balakrishnan P, Harabagiu S, Wang
F, et al. A smartwatch software architecture for health hazard
handling for older adult people. International Conference on
Healthcare Informatics. 2015; 356-361.
https://doi.org/10.1109/ICHI.2015.50

Steinert A, Buchem 1, Merceron A, Kreutel J, Haesner M. A
wearable-enhanced fitness program for older adults, combining
fitness trackers and gamification elements: The pilot study
fMOOC@Home. Sport Sciences for Health. 2018; 14(2): 275-
282. https://doi.org/10.1007/s11332-017-0424-z

Hill NL, Mogle J, Wion R, Kitt-Lewis E, Hannan J, Dick R,
McDermott C. App-based attention training: Incorporating older


https://www.unfpa.org/ageing
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health

Marcussen L, Marinus GD, Journal of Ideas in Health (2021); 4(1):307-320 319

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

adults’ feedback to facilitate home-based use. International
Journal of Older People Nursing. 2018; 13(1).

Hsieh HCL. Developing Mobile Application Design of Virtual
Pets for Caring for the Older adult. In: Zhou J, Salvendy G,
editors. Human Aspects of IT for the Aged Population. Design for
Everyday Life. Springer International Publishing; 2015. p. 269—
2717.

Lin WY, Chou WC, Tsai TH, Lin CC, Lee MY. Development of a
Wearable Instrumented Vest for Posture Monitoring and System
Usability Verification Based on the Technology Acceptance
Model. Sensors. 2016; 16(12). https://doi.org/10.3390/s16122172
Stara V, Harte R, Di Rosa M, Glynn L, Casey M, Hayes, et al.
Does culture affect usability? A trans-European usability and user
experience assessment of a falls-risk connected health system
following a user-centred design methodology carried out in a
single European country. Maturitas. 2018; 114: 22-26.
https://doi.org/10.1016/j.maturitas.2018.05.002

Lee J, Jung D, Byun J, Lee M. Effects of a Combined Exercise
Program Using an iPad for Older Adults. Healthcare Informatics
Research. 2016; 22(2): 65-72.
https://doi.org/10.4258/hir.2016.22.2.65

Bao T, Carender WJ, Kinnaird C, Barone VJ, Peethambaran G,
Whitney SL, et al. Effects of long-term balance training with
vibrotactile sensory augmentation among community-dwelling
healthy older adults: A randomized preliminary study. Journal of
Neuroengineering and Rehabilitation. 2018; 15(1): 5.
https://doi.org/10.1186/s12984-017-0339-6.

Shake MC, Crandall KJ, Mathews RP, Falls DG, Dispennette AK.
Efficacy of Bingocize®: A Game-Centred Mobile Application to
Improve Physical and Cognitive Performance in Older Adults.
Games for Health Journal. 2018; 7(4): 253-261.
https://doi.org/10.1089/g4h.2017.0139

Meephak N, Tepbanchaporn M, Jarupaibul A, Mitrpanont JL,
Sawangphol W. Elder eat: A smartphone application for recording
and monitoring food consumption for Thai older adult. Seventh
ICT International Student Project Conference; 2018. p. 1-6.
https://doi.org/10.1109/1CT-ISPC.2018.8524004

Sunghoon K, Parasuraman GM, Jaunbuccus S. Older adult Care
Assistant: A Discreet Monitoring Tool. In: Fleming P, Lacquet
BM, Sanei S, Deb K, Jakobsson A, editors. Smart and Sustainable
Engineering for Next Generation Applications. Springer
International Publishing; 2019. p. 287-30.

Handojo A, Sutiono TJA, Purbowo AN, Palit HN, Santoso LW.
Older adult healthcare assistance application using mobile phone.
International Conference on Soft Computing, Intelligent System,
and Information Technology; 2017. p. 292-296.

Zimmermann LC, Da Hora Rodrigues KR, Da Graga Campos
Pimentel M. EPARS: Older adult physical activity reminder
system using smartphone and wearable sensors. Adjunct
Proceedings of the 2019 ACM International Joint Conference on
Pervasive and Ubiquitous Computing and Proceedings of the 2019
ACM International Symposium on Wearable Computers; 2019. p.
1139-1145.

Huq GB, Basilakis J, Maeder A. Evaluation of Tri-axial
accelerometery data of falls for older adult through smart phone.
Proceedings of the Australasian Computer Science Week
Multiconference; 2016. p. 1-10.

Alsager M, Chatterjee S. Helping the older adult with physical
exercise: Development of persuasive mobile intervention sensitive
to older adult cognitive decline. IEEE 19th International
Conference on e-Health Networking, Applications and Services;
2017.p. 1-6.

Paul L, Brewster S, Wyke S, McFadyen AK, Sattar N, Gill JM, et
al. Increasing physical activity in older adults using STARFISH,
an interactive smartphone application (app): a pilot study. Journal
of Rehabilitation and Assistive Technologies Engineering. 2017.
Santos A, Guimaraes V, Matos N, Cevada J, Ferreira C, Sousa I.
Multi-sensor exercise-based interactive games for fall prevention

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

and rehabilitation. 9th International Conference on Pervasive
Computing Technologies for Healthcare; 2015. p. 65-71.

Demiris G, Chaudhuri S, Thompson HJ. Older Adults’ Experience
with a Novel Fall Detection Device. Telemedicine and E-Health.
2016; 22(9): 726-732. https://doi.org/10.1089/tmj.2015.0218
Davis K, Marcenaro L, Owusu E, Regazzoni C, Hu J, Feijs L.
Promoting social connectedness through human activity-based
ambient displays. Proceedings of the international symposium on
interactive technology and ageing populations; 2016. p. 64-76.
Sucerquia A, Lépez JD, Vargas-Bonilla JF. Real-Life/Real-Time
Older adult Fall Detection with a Triaxial Accelerometer. Sensors.
2018; 18(4). https://doi.org/10.3390/s18041101

Papagiannaki A, Zacharaki El, Kalouris G, Kalogiannis S,
Deltouzos K, Ellul J, et al. Recognizing Physical Activity of Older
People from Wearable Sensors and Inconsistent Data. Sensors.
2019; 19(4). https://doi.org/10.3390/s19040880

Steinert A, Haesner M, Tetley A, Steinhagen-Thiessen E. Self-
Monitoring of Health-Related Goals in Older Adults with Use of a
Smartphone Application. Activities, Adaptation and Aging. 2016;
40(2): 81-92. https://doi.org/10.1080/01924788.2016.1158569
Miura T, Yabu K, Hiyama A, Inamura N, Hirose M, Ifukube T.
Smartphone-Based Gait Measurement Application for Exercise,
and Its Effects on the Lifestyle of Senior Citizens. Springer
International Publishing; 2015. p. 80-98.

Ribeiro D, Ribeiro J, Vasconcelos MJM, Vieira EF, de Barros
AC. SousChef: Improved Meal Recommender System for
Portuguese Older Adults. In Rocker C, O’Donoghue J, Ziefle M,
Maciaszek L, Molloy W, editors. Information and Communication
Technologies for Ageing Well and e-Health. Springer
International Publishing; 2018. p. 107-126.

Matthies DJC, Haescher M, Nanayakkara S, Bieber G. Step
detection for rollator users with smartwatches. Proceedings of the
Symposium on Spatial User Interaction; 2018. p. 163-167.

Mehra S, Visser B, Cila N, van den Helder J, Engelbert RH, Weijs
PJ, et al. Supporting Older Adults in Exercising with a Tablet: A
Usability Study. JMIR Human Factors. 2019; 6(1): e11598.
https://doi.org/10.2196/11598

Orso V, Spagnolli A, Viero F, Gamberini L. The Design,
Implementation and Evaluation of a Mobile App for Supporting
Older Adults in the Monitoring of Food Intake. In Leone A,
Caroppo A, Rescio G, Diraco G, Siciliano P, editors. Ambient
Assisted Living. Springer International Publishing; 2019;147-159.
https://doi.org/10.1007/978-3-030-05921-7_12

Thilo FJS, Hahn S, Halfens RJG, Schols JMGA. Usability of a
wearable fall detection prototype from the perspective of older
people-A real field-testing approach. Journal of Clinical Nursing.
2019; 28(1): 310-320. https://doi.org/10.1111/jocn.14599
Kolakowski J, Berezowska M, Michnowski R, Radecki K,
Malicki L. Wireless system for older adult persons mobility and
behaviour investigation. IEEE 8th International Conference on
Intelligent Data Acquisition and Advanced Computing Systems:
Technology and Applications; 2015. p. 833-837.

Bousquet, J, Kuh, D, Bewick, M, Standberg, T, Farrell, J,
Pengelly, R, Joel, ME, et al. Operational definition of Active and
Healthy Ageing (AHA): A conceptual framework. The Journal of
Nutrition, Health & Aging. 2015; 19(9), 955-960.
https://doi.org/10.1007/s12603-015-0589-6

Zaidi, A, Gasior, K, Zolyomi, E, Schmidt, A, Rodrigues, R, &
Marin, B. Measuring active and healthy ageing in Europe. Journal
of European Social Policy. 2017; 27(2), 138-157.
https://doi.org/10.1177/0958928716676550



Marcussen L, Marinus GD, Journal of Ideas in Health (2021); 4(1):307-320 320

Appendix 1 Final search query

Search (((((((((((mobile applications[MeSH Terms]) OR wearable electronic devices[MeSH Terms]) OR microcomputers[MeSH Terms]) OR cell phones[MeSH
Terms]) OR (mHealth[Title/Abstract] OR Mobile health[Title/Abstract] OR Mobile application*[Title/Abstract] OR Mobile health application*[Title/Abstract] OR
mHealth app[Title/Abstract] OR health app[Title/Abstract] OR cell phone[Title/Abstract] OR cell phones[Title/Abstract] OR mobile phone[Title/Abstract] OR
mobile phones[Title/Abstract] OR microcomputer[Title/Abstract] OR microcomputers[Title/Abstract] OR desktop computer[Title/Abstract] OR desktop
computers[Title/Abstract] OR laptop[Title/Abstract] OR laptops[Title/Abstract] OR personal computer[Title/Abstract] OR personal computers[Title/Abstract] OR
wearable electronic device[Title/Abstract] OR wearable electronic devices[Title/Abstract] OR iPad[Title/Abstract] OR iPads[Title/Abstract] OR
smartphone[Title/Abstract] OR smartphones[Title/Abstract] OR smartwatch[Title/Abstract] OR smartwatches[Title/Abstract] OR mobile device[Title/Abstract] OR
mobile devices[Title/Abstract] OR mobile technology[Title/Abstract] OR text messaging[Title/Abstract]))) AND ((((Health[MeSH Terms]) OR (Health Care
Quality, Access, and Evaluation[MeSH Terms])) OR Public health[MeSH Terms]) OR (health[Title/Abstract] OR public health[Title/Abstract] OR health
care[Title/Abstract] OR healthcare[Title/Abstract] OR Health management[Title/Abstract] OR health promotion[Title/Abstract] OR healthy lifestyle[Title/Abstract]
OR healthy lifestyles[Title/Abstract]))) AND (((Aged[MeSH Terms]) OR (Aged, 80 and over[MeSH Terms])) OR (older adult[Title/Abstract] OR “old
aged”[Title/Abstract] OR old-aged[Title/Abstract] OR “older adults”[Title/Abstract])))) AND "last 5 years"[PDat] AND English[lang])) NOT
(Pregnant[Title/Abstract] OR pregnancy[Title/Abstract] OR birth control[Title/Abstract] OR Literacy[Title/Abstract] OR HIV[Title/Abstract] OR sexual
transmitted diseases[Title/Abstract] OR sexual transmitted infections[Title/Abstract]) Filters: published in the last 5 years; English

Appendix 2 References for conceptual model

Elements Health Wellbeing Healthy life Quality of life
expectancy
Optimizing opportunities for health Well-being [social, Increased average Quality of life [
7 mental, and physical] % healthy lifespan ¢
People are able to live healthy lives Enable well-being [ Increased healthy life Quality of life [domain] ©°!
" 671 expectancy !
2 Optimizing opportunities for health ~ Well-being [domain] 1% Increased healthy life Increase quality of life
5 and social care 1! years Il
Functioning of underlying Well-being [mental,
physiological systems across the social, physical]
life course [domain] ©¢!
Reduced disability !
Main Lifestyle Participation Daily functioning Environment
factor
Sub-factor Healthy Active Formal Informal Independence Functional Secure living External
lifestyle lifestyle participation participation ability
Lifetime Physical Participation in ~ Optimising Maintained Functional Optimising Environment
lifestyles active [/ labour market opportunities for autonomy and ability opportunities [social,
[factor] 561 [ participation ["] independence [ [developing for security [ physical and
and policy] &
maintaining] [
Adoption of  Activity Continued Participation in Reduced Capacities People are Lifetime
healthy [cognitive, participation in  economic-, dependency [mental and able to live physical,
lifestyles social, and the formal spiritual-, cultural-, physical] & secure lives 1 economic, and
[behavioural ~ physical] ! labour market civic- and social- social
change] 1571 affairs [/ environment
8 [factor] 561
ué- Working and Engagement in People are able Capabilities Capacity and
< caring, lifelong  unpaid productive to live across the life enabling
learning, activities 57 independent course environment
education lives 57 [physical and [domain] 71
[factor] (561 cognitive]
[domain] (581
Working and Prolonging the Remain
caring, lifelong number of functional

learning, education  independentand  abilities )
[factor] (561 healthy years

during old age
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