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Abstract

Physical inactivity is a public health concern as it is continually increasing and represents one
of the maijor risk factors for the etiology and progression of non-communicable diseases. The
World Health Organization demands system-based approaches to reduce physical inactivity
by 15% by 2030 worldwide. Physical activity is a modifiable but complex behavior influenced
by individual, social, and environmental factors which need to be taken into account in inter-
vention research. Conventional interventions to promote physical activity are increasingly be-
ing replaced by eHealth interventions for reasons of cost efficiency and reach. The original
research included in this dissertation investigates the feasibility and effectiveness of eHealth
interventions for the promotion of physical activity in socially disadvantaged populations. In
pilot study | the feasibility of a smartphone app-supported physical and cognitive training was
examined in older individuals. Subsequently, a scoping review was conducted to summarize
the evidence on the feasibility and effectiveness of existing social media-based physical activ-
ity interventions. The results were used to design pilot study Il which aimed to examine the
feasibility of a social network-based intervention targeting vocational school students. The
smartphone app-supported, combined program turned out to be feasible and appropriate for
older individuals. The scoping review revealed that the incorporation of Facebook was prevail-
ing in interventions and had positive effects on physical activity, as well as other physical health
outcomes. However, it was not appropriate for promoting physical activity and secondary
health outcomes in vocational school students in pilot study Il. The findings highlight that par-
ticipatory efforts are needed involving target populations and engaging multi-level stakeholders
in design and implementation of interventions to generate robust evidence that can be dissem-
inated and will ultimately inform policy-makers on how to create physical activity-promoting
programs for socially disadvantaged populations that incorporate the social and built environ-

ment.



Zusammenfassung

Die stetig zunehmende kdrperliche Inaktivitat ist eine Herausforderung fiir die 6ffentliche Ge-
sundheit, da sie eine der Hauptrisikofaktoren fiir nicht tGbertragbarer Krankheiten darstellt. Die
Weltgesundheitsorganisation fordert systembasierte Ansatze, um koérperliche Inaktivitat bis
zum Jahr 2030 weltweit um 15 % zu reduzieren. Kérperliche Aktivitat ist ein modifizierbares,
jedoch komplexes Verhalten, dass durch individuelle, soziale und umweltbedingte Faktoren
beeinflusst wird. Diese Einflussfaktoren gilt es im Rahmen der Interventionsforschung zu be-
ricksichtigen. Konventionelle MaRnahmen zur Férderung korperlicher Aktivitat werden aus
Grunden der Kosteneffizienz und der Reichweite zunehmend durch eHealth Malnahmen er-
setzt. Die in der Dissertation enthaltenen Forschungsarbeiten untersuchen die Machbarkeit
und Wirksamkeit von eHealth Interventionen zur Férderung kdrperlicher Aktivitat bei sozial
benachteiligten Bevoélkerungsgruppen. In Pilotstudie | wurde die Machbarkeit eines Smart-
phone App-unterstitzen, kdrperlichen und kognitiven Trainings bei alteren Menschen Uber-
pruft. AnschlieRend wurde ein Scoping Review durchgefihrt, der die Evidenz zur Machbarkeit
bestehender sozialer Medien-basierter Interventionen und deren Wirksamkeit auf kérperliche
Aktivitdt zusammenfasst. Dessen Ergebnisse dienten dem Design der Pilotstudie Il, in der die
Machbarkeit einer sozialen Netzwerk-basierten Intervention bei Berufsschiler:innen getestet
wurde. Das Smartphone App-unterstitzte, kombinierte Programm erwies sich als machbar
und geeignet fir altere Menschen. Der Scoping Review zeigte, dass Facebook in Interventio-
nen am haufigsten eingesetzt wurde und positive Auswirkungen auf korperliche Aktivitat sowie
andere physische Parameter hatte. Zur Verbesserung der kérperlichen Aktivitdt und anderer
Gesundheitsparameter bei Berufsschiler:innen, in der Pilotstudie Il war es jedoch ungeeignet.
Die Ergebnisse zeigen, dass partizipatorische Bemuhungen erforderlich sind, die Zielgruppen
und Akteure verschiedener Ebenen in die Gestaltung und Umsetzung der Malinahmen einbin-
den, um belastbare Erkenntnisse zu gewinnen, die verbreitet und letztlich die Politik dartber
informieren, wie bewegungsférderliche Programme unter Einbezug der sozialen und baulichen

Umgebung fiir sozial benachteiligte Bevolkerungsgruppen geschaffen werden kénnen.
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1 Introduction

1.1 Background

Physical inactivity is a public health concern, as it is continuously increasing, particularly in
high-income countries. According to estimates, 27.5% of all adults worldwide revealed low
levels of physical activity (PA) in 2016 compared to only 23.3% in 2010 (Guthold et al., 2018).
This prevalence is even more pronounced in adolescents aged 11-17 years of whom, in 2016,

80% were deemed physically inactive globally (Guthold et al., 2020).

These trends are perturbing, considering that physical inactivity is one of the main risk factors
for the etiology and progression of non-communicable diseases (NCDs), including cardiovas-
cular diseases, certain cancers, and diabetes mellitus (Lee et al., 2012; Wahid et al., 2016).
NCDs account for 91% (Institute for Health Metrics and Evaluation [IHME], 2021) of all deaths
in the European Union (EU) and proportionately cause 30% of all premature deaths (World
Health Organization [WHO], 2021). The financial and structural burden of NCDs is enormous
and driven by an aging population and the dissemination of unhealthy lifestyles. Vandenberghe
and Albrecht (2020) found that cardiovascular diseases, cancers, type 2 diabetes, and chronic
respiratory diseases impose indirect costs of nearly 2% of EU gross domestic product due to
a loss of productivity. Additionally, NCDs contribute to approximately 25% of the total health

spending of the EU.

The containment of physical inactivity is also a social matter. In line with this, the WHO de-
mands in an updated global action plan a system-based approach adaptable to each country
to ensure that all individuals, regardless of their social and ethnic background, geographical
origin, age, gender, and health status have equal chances for a health enhancing active life-
style. The recent global target is a 15% relative reduction of physical inactivity by 2030 world-

wide (WHO, 2018)



1.2 Outline

1.2.1 Theory-based considerations for the design and research of interventions for PA pro-
motion

Fortunately, PA is a modifiable behavior which can be addressed in interventions or programs
to move large segments of the world’s population from inactivity to activity to reach the PA
target outlined above. In the following section, predictors for PA behavior change based on

theoretical frameworks and complex intervention research are described.

The current WHO guidelines provide a suitable framework for the design and implementation
of PA interventions, as they consider different populations and provide practical recommenda-
tions. The recommendation for children and adolescents is to engage in 60 minutes of moder-
ate to vigorous physical activity (MVPA) per day and strengthening, as well as vigorous aerobic
exercises, on at least three days per week, in order to gain substantial health benefits. Adults
are advised to engage in 150-300 minutes of PA at moderate intensity or 75-150 minutes at
vigorous intensity per week. Moderate or intense strengthening exercises of the major muscle
groups on at least two days per week lead to additional health benefits in adults. Older individ-
uals above the age of 65 years should additionally include multidimensional, functional activi-
ties to improve balance and strength (e.g. dancing), on a minimum of three days per week in

their exercise regimen (WHO, 2020).

A sufficient level of PA according to these recommendations has more benefits than only re-
ducing the risk for the onset of chronic diseases. It ameliorates physical fitness, such as car-
diorespiratory fitness, improves e.g. muscle and bone health, and is associated with main-
tained physical functioning in older age enabling individuals to participate in daily life (2018
Physical Activity Guidelines Advisory Committee, 2018; Lee et al., 2012). While evidence for
positive effects on dementia is scarce, study results indicate that PA can delay cognitive de-
cline in healthy individuals and individuals with mild cognitive impairment (Blondell et al., 2014;
WHO, 2019). Especially aerobic exercise has been shown to improve executive function, sig-
nificantly more in women than in men (Barha et al., 2017; Salas-Gomez et al., 2020). Regular

PA can also affect other mental disorders in a therapeutic or preventive manner. Previous



research suggests that PA prevents and reduces symptoms of depression and schizophrenia
(Belvederi Murri et al., 2019; Rosenbaum et al., 2014), and minimizes signs of anxiety and
stress (Kandola et al., 2018; Stubbs et al., 2017). Sufficiently active individuals are more likely
to be mentally healthy and to report better well-being (Chekroud et al., 2018; Sampasa-
Kanyinga et al., 2020; Stubbs et al., 2018). Recent results suggest that especially moderate

PA leads to improvements in sleep quality among every age group (Wang & Boros, 2021).

Despite these well-known benefits, the adoption of health enhancing PA is complex and influ-
enced by an interplay of individual, social, and environmental factors. A framework for better
understanding the underlying mechanisms of individuals' PA behavior is the socio ecological
model (SEM) by McLeroy and colleagues (1988). This model posits that human behavior is
determined by (a) intrapersonal factors, (b) interpersonal processes, (c) institutional factors,
(d) community factors, and (e) public policy. On an intrapersonal level, PA interventions should
aim to address characteristics of an individual, whereas on an interpersonal level, they should
focus on social norms regarding PA of existing social networks of an individual. PA interven-
tions addressing factors at the institutional level are supposed to reinforce organizational cul-
tures that are PA or health enhancing. On a community level, programs should strive to build
collaborations between community stakeholders and use this powerful linkage to offer PA pro-
moting services accessible to all population groups. Interventions addressing the public policy
level should shape policy-making processes (McLeroy et al., 1988). Figure 1 illustrates the
model and figure 2 shows an adapted version outlining targets and intervention strategies for

PA.



Figure 1

The socio ecological model
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Figure 2

The socio ecological model including targets and intervention strategies for PA
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In the large European joint research program Determinants of Diet and Physical Activity (DEDI-
PAC), factors affecting the uptake and maintenance of PA across the lifespan were investi-
gated from the socio-ecological perspective. On the (inter)personal level, the early uptake of
PA and free-range conditions that allow for active transportation and parent-independent ac-
tivities were found to be benéeficial for an active lifestyle during childhood. In adults, time-con-
suming life events, such as the transition to university or job entry, turned out to be barriers for
PA engagement (Condello et al., 2017). Social support from relevant others seemed promising
for facilitating improvements in PA among all age groups (Jaeschke et al., 2017). At the com-
munity level, attractive environments that are safe, easily accessible, well-connected and have
a balanced infrastructure were positively associated with PA. Evidence about effective imple-
mentation practices and policies, however, is still lacking (Puggina et al., 2017). To conclude,
the results of DEDIPAC suggest social relationships to play a major role in PA behavior
change. This mechanism can be explained by Albert Bandura's social cognitive theory (SCT).
It states that most human behavior is acquired through observational learning from others,
because it is effortless and preservative of capabilities. Especially individuals we feel con-
nected to can have a meaningful influence on our behaviors (Bandura, 1986). In his subse-
quent work, Bandura (2004) found that social support and guidance contribute to sustainable
changes in health behavior, if they are employed during early stages of the adoption process

and conducive to self-beliefs in individual success.

Michie and colleagues (2013) developed a taxonomy summarizing evidence of theory-based
behavior change techniques (BCTs). In total, 93 BCTs are included in the taxonomy which can
serve as effective components (or “active ingredients”) of interventions intended to change
behavior, including PA. They are hierarchically clustered into sixteen categories with the third
category being social support which is subdivided into ‘unspecified’, ‘practical’, and ‘emotional’.
Notwithstanding that, the BCTs self-monitoring (BCT 2.3, BCT 2.4) and goal setting (BCT 1.1)
in PA interventions (e.g. walking interventions), are indispensable and widely utilized, social

support has been shown to be a valuable BCT. Olander and colleagues (2013) demonstrated



that social support effectively promotes PA and self-efficacy in obese individuals. Little evi-
dence was found regarding the benefit of social support for the promotion of PA behavior in
individuals with dementia (Nyman et al., 2018) and, in a systematic review, all interventions
that were favorable regarding PA in adolescents and adults with chronic cardiorespiratory con-
ditions, included the BCT social support (Sawyer et al., 2019). Furthermore, social contacts
and social support are particularly relevant at certain stages of life. A qualitative analysis re-
vealed that in the majority of studies reviewed, older participants appreciated the social con-
nectedness and support resulting from PA (Franco et al., 2015). In adolescence, peers have
been shown to have an essential impact on the uptake and maintenance of PA, where inactivity

is most prevalent, by means of social support and role modelling (Lawler et al., 2020).

Complex interventions to address the variety of underlying facets of human PA behavior are
ubiquitous in PA research, but there is no consensus in the literature on what constitutes com-
plex interventions. Contrary to the original Medical Research Council (MRC) guidance (Craig
et al., 2013), an intervention is no longer considered complex just because it relies on multiple
intervention components, addresses multiple behaviors or groups or targets multiple levels. A
review identified three dimensions of complexity described in the existing literature: character-
istics of intervention stakeholders, multimodality of an intervention, and the intervention context
(Trompette et al., 2020). Following the updated framework of the MRC guidance for developing
and evaluating complex interventions, an intervention is considered to be complex because of
both, its components or its interaction with the context in which it is embedded (Skivington et
al., 2021). Thus an intervention can either be complex because, it addresses, for example,
dietary and PA behavior which requires interdisciplinary expertise of a nutritionist and coach
and is designed to be delivered online or in the real world setting or it can be complex, because
of its effective implementation in primary care practices and outpatient diabetes facilities.
The research of complex interventions is divided into four phases: development or identifica-
tion of an intervention; assessment of feasibility; evaluation of the intervention; implementation.
It can be started in any phase, depending on the key questions regarding the intervention, as

long as the core elements context, program theory, engaged stakeholders, key uncertainties,



intervention refinements, and economic considerations are scrutinized before proceeding to
the next phase (Skivington et al., 2021).

For example, in the Peer-Led physical Activity iNtervention for Adolescent girls (PLAN-A), pre-
nominated pupils promoted PA among their female classmates aged 12-13 years via peer-
supported training. After feasibility testing, the process evaluation revealed that a peer-led
school-based intervention was acceptable, fidelity regarding the use of the intervention mate-
rials was high, and its preliminary effectiveness was to be evaluated on a larger scale (Sebire
et al., 2019). In the complex, community-based intervention 70,000 steps Ghent, a significant
increase of the average daily steps in the intervention community was found after one year
(De Cocker et al., 2009). Consequently, the intervention was disseminated regionally which
resulted in an increased perception of the intervention in 90% of organizations in the imple-
mentation region, but did not lead to an equally high rate of implementation of the intervention
(Van Acker et al., 2011). Thus, understanding human PA behavior, requires complex interven-
tion research, recognizing the role of the built and social environment and determining not only
whether an intervention is effective, but rather focusing on whether it is, for example, accepta-
ble, time- and cost-efficient, transferrable, while running through the four phases of the re-

newed framework for developing and evaluating complex interventions.

1.2.2 Development of eHealth and its consequences

Interventions to support healthy lifestyle behaviors, such as PA, can be delivered in various
ways. Traditional print-based or face-to-face interventions are increasingly being replaced by
interventions using new technologies, better known as eHealth interventions, due to their rapid
development and easy availability (Moller et al., 2017; Short et al., 2011). In the following sec-

tion, eHealth is defined and its advantages as well as disadvantages are highlighted.

The evolution of the term eHealth in academic research goes back to the early 1990s. First
publications in this area appeared on PubMed in 1992 and the body of evidence grew rapidly
with more than 1,600 articles in 2013 using the term eHealth (Boogerd et al., 2015). The most

commonly used definition of eHealth is the one by Gunther Eysenbach (2001):



e-health is an emerging field in the intersection of medical informatics, public health
and business, referring to health services and information delivered or enhanced
through the Internet and related technologies. In a broader sense, the term character-
izes not only a technical development, but also a state-of-mind, a way of thinking, an
attitude, and a commitment for networked, global thinking, to improve health care lo-
cally, regionally, and worldwide by using information and communication technology.

(Eysenbach, 2001, p.1)

Since then, a number of definitions have appeared, most of them referring to the terms health
and technologies, but no consensus has been reached, which has led to an inconsistent use
of various terms in the scientific literature (Oh et al., 2005). This dissertation is based on the
conceptual model by Shaw and colleagues (2017), who define three eHealth domains: (1)
health in our hands, (2) interacting for health, and (3) data enabling health. They conclude that,
according to these three domains, the utilization of digital technologies for health purposes has
three overlapping functions: (1) to track, monitor, and inform about health (2) to communicate
about health, and (3) to extract and process health data (see figure 3).

Figure 3

The conceptual eHealth model
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©Tim Shaw, Deborah McGregor, Melissa Brunner, Melanie Keep, Anna
Janssen, Stewart Barnet. Originally published in the Journal of Medical Inter-

net Research (http://www.jmir.org), 24.10.2017.

Applicable information and communication technologies (ICTs) that can be employed in
eHealth interventions are manifold, because of the rapid technological progress over the past
few decades. During the COVID-19 pandemic, this development gained even more momen-
tum. Beyond social online networks and mobile health or fithess applications, artificial intelli-
gence chatbots were adopted to provide information on COVID-19 or for screening purposes.
In China, robotic technologies were used to care for patients in isolation units and in rural areas
of the United States (U.S.), medical apps were used to connect patients to a remote doctor in

case of emergencies (Bokolo, 2021).

EHealth is a promising public health approach, because it can reach a large number of people
simultaneously and provide primary or secondary prevention or disease management pro-
grams at relative low costs (Bennett & Glasgow, 2009). In the EU, 91% of households had
access to the World Wide Web in 2020 (Statista Research Department, 2022) and the prolif-
eration of smartphones is expected to continue to increase reaching 84% by 2025 (Degenhard,
2021). The internet is progressively accessed via mobile devices due to the rising importance
of mobile apps in consumer behavior. From 2020 to 2022, the number of downloads increased
by 21.6% and in addition to gaming apps, the use of social media apps is widespread in the
EU (Ceci, 2021). This demonstrates the enormous reach of new technologies and their ease

of use on demand and remotely.

The promotion of PA using new technologies has become the focus of research in the last two
decades (Mueller et al., 2018) and appears to be effective (Cotie et al., 2018; Davies et al.,
2012). There are numerous advantages to employing technology in PA interventions. New
technologies have the potential to support PA in real time and with interactive feedback, in-
cluding individually tailored advice (Krebs et al., 2010; Nahum-Shani et al., 2015). In addition,

BCTs shown to foster PA in descending order of effectiveness can be incorporated in eHealth



interventions: feedback, goal setting, competition, social sharing with acquaintances and so-
cial sharing with strangers (Hosseinpour & Terlutter, 2019). In fitness apps, two trends have
emerged to support an active lifestyle, one is gamification, the other is enabling social interac-
tions and exchange. For example, Fitbit released a pedometer version, where steps were con-
verted into rewards that feed a virtual pet, while with Strava or Runtastic, fitness activities can
be shared with friends or like-minded people and linked to the online social network Facebook.
Tu and colleagues (2018) compared the effects of a gamified app to an app that promoted
social interactions and found that participants in both groups displayed improved walking be-
havior, but participants in the social condition intended to continue using the app after the

intervention period.

However, digitalization also has its disadvantages. Thus far, it reinforced social inequalities
and led to a so-called digital divide, which means that individuals with a low socio-economic
status (SES) use the digital progress less to their advantage (Robinson et al., 2015). Moreover,
the digital divide has evolved from absent material resources (e.g., access to the internet or
technologies=primary digital divide; Latulippe et al., 2017) towards disparities in skills to use
them (secondary digital divide; Van Deursen & Van Dijk, 2014) and difficulties transferring the
accessed information into favorable behavior (tertiary digital divide; Van Deursen & Helsper,
2015). This is also evident in the use of eHealth services, which is influenced by the social
determinants age, social status, and gender. It is known that users are generally younger,
better educated than non-users (Cornejo Mueller et al., 2020), and more likely female (Kontos
et al., 2014). These social differences in user behavior are mainly attributed to a low eHealth
literacy (Cornejo Mueller et al., 2020), i.e. little / lack of competence to access, understand,
and rate health information from electronic sources and utilize it to address a health problem
(Norman & Skinner, 2006). The health disparities caused or reinforced by eHealth have to be
thoughtfully examined and eHealth solutions, sensitive to different social and ethnic groups
that are disadvantaged regarding health need to be implemented and tested (Kontos et al.,

2014; Viswanath & Kreuter, 2007).
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1.2.3 Definition of socially disadvantaged populations in the context of this dissertation

The term socially disadvantaged individuals has long been present in social and health poli-
cies. It is often used synonymously with the term vulnerable individuals or underserved popu-
lations. For a better understanding, the terms are defined below and their meaning in the con-

text of this dissertation is highlighted.

Vulnerable individuals are characterized by an elevated risk for chronic diseases due to a
physical or mental condition or a social situation (e.g., pregnant women, homeless, or individ-

uals that have been exposed to any kind of violence; Robert Koch-Institut [RKI], 2008).

Socially disadvantaged individuals do not necessarily suffer from any of the above conditions,
but they are affected by social inequalities, for example health inequalities. At the population
level, a skewed distribution of health chances and risks of disease is known to be associated
with three factors: education, job position, and income. Individuals with lower levels of educa-
tion, a lower salary, and a poor job position are more likely to become ill (Geyer, 2008; Siegrist,
2021). These individuals are defined as vertically disadvantaged due to a low SES (Kaba-
Schoénstein & Kilian, 2018). Other factors that are often times the focus of health initiatives
because of their potential to cause health inequalities are age, gender, or migration back-
ground. Health inequalities are particularly evident during middle age, where common dis-
eases, such as diabetes or cancer, manifest (Geyer, 2021). Gender inequalities have been
found for prevalence’s of various diseases. For example, men are more likely to suffer from
myocardial infarction (MI) during earlier stages of their lives compared to women (Geyer et al.,
2018). With increasing age or lifestyle- associated risk factors, such as smoking, the incidence
of MI between males and females equalizes (Millett et al., 2018). Women, on the other hand,
are at a higher risk for depression (Salk et al., 2017). Per definition, individuals in these popu-
lation groups are considered to be horizontally disadvantaged (Kaba-Schonstein & Kilian,

2018)

Underserved populations generally suffer from scarce resources. They have limited access to
different services and societal goods, such as education, healthcare, and means of transpor-

tation or living space (Bantham et al., 2021). Individuals who are considered underserved in
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traditional health care include elderly, gay, lesbian, bisexual, and transgender individuals, in-
dividuals with a non-white ethnic background and low SES, disabled individuals and those from
low- and middle-income countries (Weitz et al., 2001). In public health research, this term re-
fers to populations that are underrepresented in clinical and health studies. It is well docu-
mented that women, ethnic minorities or individuals with a low SES are often times not ade-
quately represented in samples (Rogers, 2004). Further, in PA studies, individuals with physi-

cal disabilities are frequently even excluded (Mendoza-Vasconez et al., 2016).

In the context of this dissertation, | studied two populations that are socially disadvantaged
regarding health: older individuals (Gomes et al., 2017; Harvey et al., 2015) and vocational
school students (Elgar et al., 2015; Reik et al., 2010). On the one hand, both populations are
more likely to be physically inactive and therefore have an increased risk for NCDs. On the
other hand, it can be assumed that both populations experience disparities in the use of new
technologies for health purposes, thus are affected by the digital divide and, therefore, are
considered as socially disadvantaged. It is well documented that older individuals suffer from
digital exclusion (Heponiemi et al., 2020, Kaihlanen et al., 2022). Data from Germany on media
use of the internet show that 87% of younger individuals (14-29 years old) use the internet for
the reception of content. In the group of the 50-69 year-olds, it is only 38% and among individ-
uals above the age of 70 years 18% (ARD/ZDF-Forschungskommission, 2021). The lower
user rates among older adults allow for the assumption that they lack abilities to use the web
to gain information and that they are affected by the digital capability divide (see fig. 4). Con-
trary to that, younger users seem to have sufficient skills for information retrieval. However,
students enrolled in a vocational school with an intermediate to low level of education might
be less likely to transfer the knowledge, suggesting that this population may be affected by the
digital outcome divide. To conclude, both populations are affected at different levels of the

digital divide as illustrated in figure 4, however evidence is lacking.
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Figure 4
The three levels of the digital divide
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1.2.4 Previous research on the effects of eHealth interventions in the two target populations
As explained in the previous section, older adults and younger adults with lower levels of edu-
cation are considered socially disadvantaged and affected by different levels of the digital di-
vide. Therefore, the role of eHealth interventions for promoting PA in these populations was
chosen as the focus of this dissertation. In this section, the existing evidence regarding the

feasibility and effects of such interventions for these two populations is summarized briefly.

A recent systematic review synthesized the results from 38 randomized controlled trials (RCTs)
and found that eHealth interventions increased the time spent on PA, the energy expenditure,
and the amount of steps among individuals 50 years and older. Digital PA coaching via e.g.
text messaging platforms, websites, DVDs, as well as PA tracking plus feedback via wearables
were the most commonly employed methods (Kwan, Salihu, et al., 2020). In a rapid review of
reviews, inconclusive results were found with three reviews indicating that web-based pro-
grams and activity monitors effectively promoted PA in older individuals, whereas one review
revealed only positive trends. The quality of evidence stemming from these studies is consid-
ered low to moderate (McGarrigle & Todd, 2020).

Zubala and colleagues (2017) found that the mode of delivery, in general, was not a mediating
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variable for positive intervention effects on PA among community dwelling older adults, but
rather professional and tailored guidance, social and environmental support, as well as enjoy-
ment were motivators for PA. The most beneficial intervention components remain unclear to
date. The authors suggest more complex interventions taking contextual factors into account
and longitudinal studies with follow-ups beyond two years to identify strategies for the mainte-

nance of PA.

Evidence regarding the role of eHealth interventions for PA among vocational school students,
to date, is very scarce. In the multilevel intervention Let’'s move it from Finland, vocational
school students and their teachers were taught how to increase PA and reduce sitting time
during class using BCTs. A website with guidance on goal-setting and motivational boosts via
social media was offered to students. Acceptability of the intervention and the uptake of BCTs
was high and associated with an increase of objectively measured PA, but the target group
barely used the offered website (Hankonen et al., 2017). As part of the PRALIMAP-INES nu-
tritional trial, socially disadvantaged overweight adolescents from middle- and high-schools in
north-eastern France were encouraged to participate in a Facebook challenge to increase their
PA. Despite high initial interest, only 21 of the initial 262 participants enrolled in the challenge,
where they had to perform a weekly amount of jumps. Evidence regarding the effectiveness of
this intervention component is therefore missing (Saez et al., 2018). Another study revealed
that telephone- and online-based support services for multiple health risk behaviors were
barely used by Australian vocational school students. In the target group which was proactively
offered access to the 70,000 steps program and Get Healthy Information and Coaching Ser-
vice (GHICS) to reduce their high rates of physical inactivity, only 12.7% signed up for the

available services (Atorkey et al., 2021).

As illustrated above, a limited amount of research addressing vocational school students has
been conducted so far. In contrast, the quantity of studies examining older individuals is higher,
but the evidence is only partly robust, because results are inconsistent. Furthermore, attempts
to digitally promote PA in older adults generally seem to rely on websites and PA monitors,

thus, incorporating more conventional Web 2.0 and not the latest technologies.
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1.3 Research aims

The overarching aim of this dissertation is to investigate the feasibility and effectiveness of
eHealth interventions for the promotion of PA in socially disadvantaged populations. First, the
feasibility of a smartphone app-supported intervention was examined in a sample of older in-
dividuals. Then, the current evidence on the feasibility and effectiveness of social media-based
PA interventions was reviewed and summarized in order to subsequently design and pilot a
more contemporary intervention approach incorporating social media and targeting vocational

school students.

The following questions are addressed in this dissertation:

1. Is a smartphone app-supported, combined PA and cognitive intervention targeting
older individuals appropriate for promoting PA behavior and improving additional sec-
ondary health outcomes?

2. What is the feasibility and impact of social media use in PA interventions on PA behav-
ior and secondary health outcomes?

3. Is a social network-based PA intervention targeting vocational school students appro-

priate for promoting PA behavior and improving additional secondary health outcomes?

For investigating the first and third research questions, two pilot studies were conducted
(herein referred to as pilot study | respectively pilot study Il). To answer the second research
question, a scoping review was carried out (herein referred to as scoping review). The under-

lying sub-questions are shown in table 1.
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Table 1

Sub-questions addressed in the three published original articles

Article Study Sub-
reference type questions
Thiel et al., Pilot a) Which resources are necessary for recruitment, assessments, and im-
2022 study | plementation of intervention components?
(see 3.1) i . .
b) How satisfied are the instructors and participants (measured by reten-
tion rate) with the intervention?
c) What are the lessons learned during the set-up of the intervention?
d) Are the outcome parameters adequate?
e) What is the magnitude of potential effects on the outcome parameters?
f) Is the intervention safe (in terms of adverse events)?
g) What are implications for further research?
Guenther et  Scoping a) Which social media platforms are used in interventions to promote PA?
al., 2021a Review b) Does the use of social media have positive effects on PA?
(see 3.2)
c) Which other dimensions of health are captured?
d) Does the use of social media affect other dimensions of health?
e) Are social media-based PA interventions feasible in terms of accepta-
bility, use, and usability?
Guenther et Pilot a) Is the intervention feasible in terms of processes?
al., 2022 study Il b) Is the intervention feasible in terms of the required resources?
(see 3.3)

¢) Which challenges occur during the set-up and implementation of the

intervention?

d) Which challenges occur during data processing?

e) Are the Web 2.0 platforms used and accepted by the target group?
f) What are reasons for non-use of the Web 2.0 platforms?

g) What is the magnitude of potential effects on the outcome parameters?

Note. PA= physical activity; BMI= body mass index; QoL= Quality of Life
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1.4 Ethical approval

Pilot study | (Thiel et al., 2022) was approved by the Ethics Committee of the German Society
of Physiotherapy (Deutscher Verband flr Physiotherapie, 2016-06) and was retrospectively
registered at the German Clinical Trials Register (DRKS00010595). Pilot study Il (Guenther et
al., 2022) was approved by the Ethics Committee of the Medical Faculty of the Heinrich-Heine-
University Duesseldorf, Germany, on June 4%, 2020 (Study-No.: 2020-860). Both studies were
conducted in accordance with the ethical principles of the Declaration of Helsinki (World Med-

ical Association [WMA], 2013).
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2 Methods

2.1 Pilot studies

A pilot study is a study preceding a full-fledged resource-intensive controlled intervention trial
that examines the feasibility of an intervention on previously defined aspects, for example
safety and dose of an intervention or treatment, recruitment potential or adequacy of measure-
ment tools. A pilot study does not intend to provide evidence on the efficacy of an intervention,
but serves as a basis for deciding whether to continue a study, in general, with or without
modifications based on previously specified feasibility criteria. Pilot studies resolve uncertain-
ties, provide lessons-learned, and can spare resources in future RCTs (Thabane et al., 2010;
Thabane et al., 2016). Considering the updated framework of the MRC guidance (Skivington
etal., 2021), feasibility testing is one necessary step in an iterative process for the development
and evaluation of complex interventions. Figure 5 illustrates the current framework and shows
where the three underlying studies of this dissertation are to be placed.

Figure 5

Placement of the three studies into the framework for developing
and evaluating complex interventions
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Adapted from Skivington et al., 2021

2.1.1 Pilot study |
As outlined in section 1.2, studies on eHealth interventions targeting older populations pre-

dominantly evaluated the use of websites or PA monitors, e.g. pedometers (McGarrigle &
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Todd, 2020; Kwan, Salihu, et al., 2020). Complex programs combining smartphone app-sup-
ported training of physical and cognitive functions, embedded in the living space of elderly, are
rare and have seldomly been tested scientifically. Therefore, such a complex intervention first
had to be piloted before examining it at a larger scale. The data of pilot study | were collected
as part of the funding line SILQUA-FH 03FHO08SAS5 by the German Federal Ministry for Edu-
cation and Research (BMBF). The complex intervention Quartier Agil took place in an urban
district of Bochum and was piloted in two consecutive intervention cycles a six month (from
January to June 2017 and August 2017 to January 2018). Thirty-nine community-dwelling
adults aged 63 years and older were offered a combined, physical and cognitive training once
a week by two tutors. Social and group activities in the neighborhood were arranged every
other week. Additional home-based physical or cognitive exercises were provided using a spe-
cific designed smartphone app for the study. A WhatsApp group was used for organization and
communication of events. A manual with the actual training program is made available online

(https://doi.org/10.5281/zen0d0.6998000; Guenther, Osterhoff, et al., 2022).

The program’s feasibility was evaluated in terms of processes, resources, and lessons learned
(project level) and in terms of feedback of participants and tutors (individual level). PA, physical
and cognitive fitness, quality of life (QoL) were quantitatively assessed and qualitative
measures for social participation, were used to determine the magnitude of potential interven-
tion effects. Data were collected before (baseline) and after each of the two intervention cycles
(follow-up). To perform intragroup comparisons of the quantitatively assessed outcome param-
eters, the Wilcoxon-Wilcox test was used. The reporting adheres to the Template for Interven-
tion Description and Replication (TIDieR) checklist (Hoffmann et al., 2014) and more detailed

information on the methods is provided in the original article (see section 3.1).

2.1.2 Pilot study Il

The intervention examined in pilot study Il was based on the Active Team intervention by Ma-
her and colleagues (2015). This effective online social network PA intervention, originally
tested in a sample of inactive adults was adapted for young adults enrolled in a vocational

school. Referring to the updated framework for complex interventions (Skivington et al., 2021)
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described above, the adaptation to a new population requires an evaluation of the program’s

feasibility within the new target group first.

Fourteen students between the ages of 16 and 27 years from one vocational school in the city
of Duesseldorf were enrolled. They were motivated to walk 10,000 steps per day by self-mon-
itoring of their steps and social comparison to other classmates via the pedometer app Pacer
and a Facebook group. The intervention WALKZ2gether lasted six weeks and took place be-
tween November 2021 and January 2022. It was designed as a resource-friendly, standalone,
digital intervention and incorporated already existing platforms. Processes pertaining to the
development and implementation of the intervention as well as problem solving strategies and
required resources were documented as parameters for feasibility. Quantitatively assessed
data on PA, subjective health status, QoL, exercise motives, and participants’ feedback was
captured at baseline (T0) and six-week follow-up (T1) and analyzed with a t-test to determine
the magnitude of potential intervention effects. Reporting was done following the checklist of
Thabane and colleagues (2010) and more details on the methodology are included in the orig-

inal article (see section 3.3).

2.2 Scoping Review

A scoping review is a synthesis of all knowledge on a subject without assessing the quality.
Accordingly, a scoping review does not intend to answer a precise research question, but scru-
tinizes the extent, nature, and range of evidence on a research topic. It can be compared to a
map showing all the research done on one subject, no matter how heterogeneous it is and
identifying the gaps that need to be addressed. Thus, it serves the decision-making for subse-

quent, more elaborate systematic reviews (Tricco et al., 2016; von EIm et al., 2019).

The rationale for conducting a scoping review in the context of this dissertation was to obtain
a comprehensive overview of the latest effective social media interventions examined in PA
research. The use of social media is a relatively new, but quickly evolving field, as the mode
of delivery for eHealth interventions has changed in the past seven years from predominantly
tele-based to web-based platforms (Duan et al., 2021). This was the first scoping review that

considered all relevant social media platforms from 2014—2020 and included a broad search
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of all interventions promoting PA via any of these platforms. In addition to scoping the existing
evidence, the results were intended to inform the design of the intervention in pilot study II.
The scoping review was conducted and prepared in accordance with the Preferred Reporting
ltems for Systematic reviews and Meta-Analyses (PRISMA) guidelines for scoping reviews
(Tricco et al., 2018). A protocol for conducting the scoping review was developed previously

and is accessible on Open Science Framework (OSF,; https://osf.io/v9dxj; Guenther & Pischke,

2021). Two authors searched the electronic databases Scopus and Medline with an a-priori
peer-reviewed search strategy and selected the sources of evidence in two phases. First, they
screened titles and abstracts of all records independently followed by the screening of all full
texts that were deemed relevant after screening phase one for eligibility was completed. Dis-
crepancies at any stages of the screening process were resolved via discussion with a third
author.

Data on general information of the source, participant characteristics, and flow, the interven-
tion, outcome (measurements), results, and key conclusions were charted independently by
the two reviewers in a prior developed sheet. Random samples of the extracted data were
checked for congruence. Both, the search strategy and the extracted data, are published open
access and were included as a supplement of the published original article for better compre-

hensibility (https://www.mdpi.com/article/10.3390/ijerph182413018/s1; Guenther et al.,

2021b). Results are reported along the objectives of the scoping review, displaying the most
commonly used social media platforms, effects on PA, and frequently examined secondary
health outcomes, as well as findings pertaining to feasibility. A detailed description of the meth-

odological approach can be found in the original article, see 3.2.
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3.1 Feasibility of smartphone-supported, combined physical and cognitive activities
in the neighborhood for stimulating social participation of the elderly. Thiel, C.,
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Abstract

Background: Combining smartphone-assisted group activities in the neighbourhood and training in physical and
cognitive skills may offer the potential to promote social participation and connectedness of older adults. This non-
controlled proof-of-concept, retrospectively registered study aimed to determine the feasibility of such an interven-
tion approach, including its evaluation.

Methods: In two consecutive six-month intervention cycles, 39 community-dwelling adults were provided with
weekly smartphone, physical and cognitive training by two tutors. Using a specifically designed app, the participants
were also encouraged to join and later self-organise physically and cognitively stimulating activities related to hot
spots in their Bochum neighbourhood. Indicators of feasibility were documented.

Results: The recruitment and assessments took 3 hours per participant. Excluding smartphone support, the prepara-
tion and the implementation of the intervention amounted to nine person-hours per week.

Six participants dropped out, and 13 did not complete one or more assessments. The participants attended 76 +15%
of the weekly training sessions. The instructors deemed the programme feasible, but familiarisation with the smart-
phone and the app was very time-consuming.

Twenty-seven of 29 participants reported high overall satisfaction, and 22 agreed that the programme helped them
to establish social contacts. The smartphones attracted substantial interest and were used frequently, despite mixed
satisfaction with the project-specific app. From baseline to follow-up, the six-minute walking distance, lower extram-
ity strength and mederate to vigorous physical activity, as well as quality of life, were preserved at a high level, while
balance performance was significantly improved. Of the 11 tests related to cognitive functioning, 4 tests (a memory
test, the Stroop test and 2 tests of verbal fluency) indicated significant improvement. No moderate or serious adverse
events occurred in relation to the assessments or the intervention.

Conclusions: The multimodal approach seems safe and feasible and offers the potential to promote social con-
nectednass, bonds in the residential neighbourhood and smartphone competency, as well as to preserve or improve
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physical and cognitive functions. Adaptations of the intervention and of the cutcome assessments may contribute to
better assessment and exploitation of the potential of this approach in a future study involving socially, physically and

cognitively less active elderly persons.

Keywords: Combined cognitive and physical activity, Smartphone support, Neighbourhood, Socizl participation,

Community-dwelling adults

Background

Social participation and the role of the neighbourhood

in the ageing population

Most older adults like to engage in social activities [1].
Pursuing meaningful activities in a community and cul-
tivating relationships may indeed constitute an impor-
tant component of successful ageing [2]. However, later
life often comes with decreased physical and cognitive
performance and deteriorating health [3], which might
reduce social engagement [4]. The relations between
social participation, physical and cognitive functions, and
health in the ageing population are likely complex and
bidirectional and may operate through multiple pathways
[5, 6].

While social participation is of high relevance to older
adults, the proportion of older people living alone has
increased worldwide [7]. The family structure and liv-
ing arrangements have fundamentally changed, provid-
ing less informal opportunities for social interaction and
increasing the risk of disability in basic activities of daily
living [8], as well as of deteriorating physical and men-
tal health [9]. In this context, the neighbourhood has
become more important as a framework for social rela-
tionships and participation in society [10]. At the same
time, older adults identify with the neighbourhood as
their residential environment and wish to remain in their
own homes as long as possible [11].

The constituents of this neighbourhood may vary,
and definitions can operate on various dimensions (e.g.,
geographical, physical, administrative, perceptual and
activity-related). According to Rifller and Stiel [12], a
neighbourhood can be regarded as a social environment
that emerges from social interaction, is socially formed,
has manifold social functions, is easily graspable and pri-
marily relates to daily life, has an impact on its inhabit-
ants’ perceptions and actions, and offers the potential for
identification and empathy.

Interventions that directly or indirectly contribute to
ageing individuals' ability to maintain or expand their
social participation and social relations in their neigh-
bourhood will likely improve the conditions and the
quality of their lives [10]. Physically and cognitively
stimulating activities that involve group interaction and
are related to daily life in the neighbourhood may offer
opportunities for social interaction, as well as promote
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its physical and cognitive prerequisites. When designing
programmes that provide such interventions, the needs
and preferences of the individuals involved, as well as
their view on participation issues, should be considered
[13, 14]. To increase their appeal and accessibility, such
group-based programmes should be complemented with
individual support and training elements, reflecting the
older age group’s enormous heterogeneity in their consti-
tutions, needs and habits [8].

Physical and cognitive activities and training for social
participation

Physical activity may be a meaningful leisure pursuit and
group activity that can be done in the neighbourhood.
Equally important, it also helps reduce age- and health-
related impairments in everyday life and slows down or
even reverses the decrease in strength, endurance and
flexibility. Regular activities, such as walking, dancing
or light gardening work [15, 16], may improve physi-
cal performance, function and mobility. Specific exer-
cise training may trigger greater benefits, as long as its
form, intensity, duration and frequency are individually
adapted to the participants’ physical functions and needs
[17-19].

Exercise is also effective for older people with mobil-
ity limitations [20]. Several training programmes, such as
the Otago Exercise Program, Weight-Bearing Exercise for
Better Balance (WEBB), Functional Task Exercise (FUN-
TEX), High Intensity Functional Exercise (HIFE) and
Lifestyle Functional Exercise Program (LIFE), continue to
spread internationally because of their good scientific evi-
dence [21-23], including economic benefits related to fall
prevention in some cases (Otago, WEBB and LIFE) [24—
26]. Nonetheless, transfer effects on everyday mobility (in
the sense of distance covered and radius of action) and
even more importantly, on social participation, are still
unclear. Physical activities are generally regarded as more
enjoyable if done in a group [27], which may result in new
social connections. However, a review and meta-analysis
of 16 randomized trials with 2315 participants presenting
with a wide range of chronic diseases and mobility limita-
tions shows that physical activity per se does not auto-
matically improve older people’s participation in social
life (SMD=0.03; 95% CI=-—0.10 to 0.16) [28]. Only
exercise interventions lasting 12 months or longer were
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slightly beneficial (SMD =0.15; 95% C1=0.02 to 0.28). In
their conclusion, the authors argue for the development
of more complex interventions which go beyond physi-
cal activity, and which address both participation and its
various determinants [28].

Cognitive training is another intervention that can
be organised as a meaningful group activity and can be
related to the neighbourhood. There is sufficient evidence
of the effects of cognitive training on outcomes such as
neuroplastic changes in the brain assessed by neuroim-
aging [29], patient self-esteem [30] or executive function
[31]. The effects are larger for task-specific skills, that is,
if the exercise closely matches the target real-life task [32,
33]. Cognitive training can enhance the management of
the tasks that are relevant for participation in everyday life.
For instance, the training in cognitive processing speed
can improve the management of instrumental activities
of daily life, such as shopping, using public transportation,
managing finances and taking responsibility for one’s own
medication [34], as well as gait performance [35].

When interlaced in multimodal programmes, physical
and cognitive activities or training promise better effects
on the functions with high relevance for social participa-
tion than solitary interventions [36]. Programmes such as
‘Maintaining and supporting Independent Living in Old
Age’ (SimA) [37] or ‘MeuroVitalis' [38] provide evidence-
based approaches to cognitive training for older people.
SimA is a multimodal programme including competence
training (general strategies of coping with age-related
changes and everyday problems of the elderly), and
memory training. SimA has shown long-lasting effects
in domains that are important for independent living,
as well as actual (self- and externally assessed) inde-
pendence [37]. NeurcVitalis, another cognitive train-
ing programme aimed at older people, has shown small
but promising effects [39-41]. It includes exercises to
improve focus and attention, memory, and executive
function. Both SimA and NeuroVitalis involve individual
as well as dialogue-based and group exercises at various
levels of difficulty, and can be complemented by physi-
cal training. Among stroke patients, cultural and social
activities that comprise physical and cognitive stimula-
tion, supplemented by specific individual support for
physical and cognitive fitness, have been shown to con-
tribute to the preservation and promotion of autonomy
and participation [42].

Exercise training and a physically, intellectually and
socially active lifestyle also contribute to the prevention
or the delayed onset of a range of cardiovascular, meta-
bolic, neoplastic and mental diseases [43, 44].
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Digital support for participation

Digital information and communication systems may
facilitate social participation related to physical and
cognitive activities in the neighbourhood [45, 4&].
Smartphones or tablets offer community functions,
as well as access to social media and to information
on events in the neighbourhood. Such devices may
also provide general information on health-enhancing
behaviour and physical or cognitive exercises, as well as
individual activity tracking [47]. According to a survey
among the German-speaking population released in
Movember 2020, 82% of Germans aged 60-69 years, and
52% of Germans 70 years and older have used a smart-
phone at least from time to time [48].

However, choosing the appropriate device, appli-
cation and setup may pose a significant obstacle for
technically inexperienced people [49]. Discovering
the functions and learning how to handle a tablet or a
smartphone are cognitively stimulating, but the famil-
iarisation process may require considerable time and
motivation [50, 51]. Among other factors, complex
menu navigation, small font sizes and the requirement
for fine-tuned movements can present further barriers
to tablet or smartphone use by older people [49-51]

Taken together as a simplified theory of change,
combining technology-assisted group activities and
training in physical and cognitive functions in the
neighbourhood may offer various pathways to promote
social participation and connectedness of older adults.
Such a multimodal programme might include various
components [52] and adhere to certain principles, as
follows:

1. Provide and enable social interaction. The interven-
tion should be aimed at stimulating social interac-
tion, as well as enhancing cognitive and physical
resources that are relevant for everyday life and social
participation [53, 54].

2. Take place in the neighbourhood. Activities should be
related to the neighbourhood, based on what the par-
ticipants perceive as their hot spots, that is, nearby
places to which they can relate and that are meaning-
ful to them [55, 56].

3. Involve participants. While supported by instructors
throughout the programme, the participants should
be invited to contribute to and act as co-producers of
the interventions [57].

4. Use digital resources. The participants should care-
fully be introduced and have easy access to new digi-
tal devices and technologies (e.g., smartphones and
specific apps) [52].
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Such multimodal approaches are rare and have
scarcely been tested scientifically.

Objectives

This proof-of-concept study focuses on the promo-
tion of social participation of older people without or
with only slight physical and cognitive impairments. It
aims to test whether the components and the princi-
ples listed in the preceding section could be included
and adhered to in a comprehensive programme called
Quartier Agil (literally, Agile Quarter), as well as to
determine the magnitude of potential effects in two
exploratory intervention cycles. While analysing the
programme’s feasibility [58], the following aspects
should be covered:

1. Report the resources necessary for the recruitment
and assessments, as well as for the implementation of
the intervention’s various components.

2. Report the arrangement of the intervention, and ana-
lyse participant and instructor satisfaction, as well as
retention rate. Report important lessons learned dur-
ing the process of setting up Quartier Agil (problems
that occurred, adaptations made, solutions found).

3. Reflect on the adequacy of the outcome parameters.

4. Estimate the possible magnitude of the effects on
social participation, physical function, physical activ-
ity and cognitive-linguistic performance and func-
tionality, as well as the safety of the intervention
(adverse events).

5. Decide whether a larger study, which can more com-
prehensively investigate the Quartier Agil approach,
seems warranted, as well as whether there should be
changes to the study setup, intervention or assess-
ments.

Methods

This non-controlled proof-of-concept study comprised
a preparation period and two six-month intervention
cycles (January to June 2017, and August 2017 to Janu-
ary 2018) in a selected neighbourhood. For each inter-
vention cycle, the plan was to recruit 20 participants
by placing advertisements in local newspapers, distrib-
uting flyers and putting up posters on relevant sites of
the neighbourhood (eg., churches, cafés frequented
by seniors), as well as to solicit the support of com-
munity stakeholders in social services and charitable
institutions.

Mo sample size calculation was performed. Mo interim
analyses were planned, and no stopping guidelines were
in place. After study commencement, apart from a pre-
planned refinement of the intervention after the first
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cycle, no further changes were made to the study design,
methods or outcomes.
The inclusion criteria were as follows:

+ community-dwelling in the selected neighbourhood,

+ minimum age of 63 years and

« written declaration of consent (> 24 hours after verbal
and written information).

The exclusion criteria were as follows:

+ receiving home care or residential care,

+ absolute contraindications regarding physical activ-
ity or exercise, according to the American College
of Sports Medicine [59] or the German Society of
Sports Medicine and Prevention [60], including, but
not limited to, significant cardiac diseases such as
decompensated heart failure, unstable angina, criti-
cal aortic stenosis, resting systolic BP > 200mmMHg,
or resting diastolic BP >110mmHg; cancer with
extreme nausea, fatigue or severe hematologic con-
dition (such as thrombocytes <20.000pl); severe
neurologic conditions such as ataxia; acute systemic
illness or fever; uncontrolled type 2 diabetes or type
2 diabetes with severe foot ulcers; end-stage pulmo-
nary disease such as COPD GOLD 4; musculoskel-
etal conditions that would prohibit exercise such as a
severe rheumatoid arthritis flare; and

+ cognitive deficits exceeding a mild cognitive impair-
ment (1CD-10-Code: FOA.7) as assessed by the Mon-
treal Cognitive Assessment (MoCA) [61, 62]

Mo exclusion criteria relating to social interaction
and cognitive or physical activity were defined. For this
exploratory study, it was deliberately accepted that the
participants were volunteers who might already show
a high level of activity in any of these domains, thereby
possibly diminishing potential intervention effects. The
research team hoped that these volunteers would become
better co-producers of the multimodal intervention and
might also be able to better assist other (less active and
experienced) group members. Further, participants with
high levels of activity might serve as positive examples
and improve motivation and group cohesiveness, There-
fore, considerable intragroup heterogeneity was also
accepted.

This study had been approved by the Ethics Commit-
tee of the German Society of Physiotherapy (Deutscher
WVerband fiir Physiotherapie, 2016-06) and was retrospec-
tively registered in the German Clinical Trials Register
(DRKS00010595). It followed the ethical principles of the
World Medical Association’s Declaration of Helsinki in
its most recent version of Fortaleza. As far as applicable,
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the reporting adheres to the Consolidated Standards
of Reporting Trials (CONSORT) guidelines and to the
Template for Intervention Description and Replication
(TIDieR) checklist and guide [63]. Funding was pro-
vided by the German Federal Ministry for Education and
Research (BMEF SILOQUA-FH 03FHO08SAS).

Intervention

The intervention occurred in the city of Bochum in the
Ruhr metropolitan area (situated in the state of North
Rhine-Westphalia in Germany). With its six munici-
palities, each subdivided into several urban districts,
Bochum is particularly affected by population aging [10].
In two initial project meetings, a consortium consisting
of the leading project team and representatives from the
cooperating organisations — the University of Applied
Sciences Ruhr ‘West, the Municipality of Bochum
(Social and Health Departments), the Diakonie Bochum
(regional welfare association), the Municipality of Bot-
trop (urban development} and the Fraunhofer Institute
for Software and Systems Engineering — selected an eli-
gible municipality. Based on its geographic characteris-
tics, sociodemographic structure, options for and access
to activities, the urban district of Bochum-Altenbochum
{4.3km? 12,100 inhabitants) was chosen to host the
Quartier Agil intervention.

Potential participants were informed about the pro-
ject’s aim, the time scope, as well as the six components
and principles of the intervention. The research team
announced that attending the weekly group meeting was
mandatory, but the degree to which they would attend
further individual and group activities and exercises was
completely up to them.

After providing their informed consent, the partici-
pants received a Google Nexus 5X Andreid smartphone,
running with a prepaid SIM card and an app specifically
designed for Quartier Agil, which they were free to use
until the end of the intervention cycle. In the first few
weeks, the participants received detailed instructions on
how to use the smartphone and the Quartier Agil app.
To be able to align cognitive and physical group activi-
ties with the participants’ preferences and habits, rel-
evant and highly frequented sites in the neighbourhood
(hot spots) were planned to be identified within the first
month based on a group discussion with the participants
during the weekly multimodal group training described
further below, backed up by tracking their smartphone
GPS signals.

The programme was envisaged to exploit the complex
and bidirectional relations between social participation,
physical and cognitive functions and health through mul-
tiple pathways [5, 6] by the implementation of physical,
cognitive and social activities, guided by participation
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tutors (hereafter, tutors). These tutors were charged with
instructing and guiding the participants towards the goal
of maintaining and enhancing their social participation.
The tutors were intended to be healthcare profession-
als capable of coaching older adults. In this trial, the two
tutors comprised a physiotherapist/sport scientist (Mas-
ter of Arts in Sports Gerontology) and a clinical linguist
(Master of Arts).

The tutors should be able to implement and deliver the
programme, as well as guide and support the participants
through the range of activities. Beyond their professional
expertise, they were required to have didactic skills,
know effective networking strategies and be experienced
with older adults. Their role and their relationship with
the participants were planned to vary, depending on the
programme component. For complex and challenging
physical exercise and cognitive training sessions or for
the individual assessment of cognition or physical func-
tion, they should provide clear professional guidance and
expert advice. For sessions that particularly focused on
social interaction or on the participatory advancement of
the Quartier Agil programme, they should hold back and
take a moderating role.

Quartier Agil offered six components, from which each
participant could choose his/her individually preferred
combination (Table 1). The combination of physical and
cognitive contents, social activities and smartphone sup-
port was supposed to arouse the participants’ interest
and ensure a variety of options for them.

The multimodal group training was scheduled to be
held for 1.5 hours once a week on the same day and place.
It served to organise the group, introduce the members
to the smartphone and the app, gather feedback, per-
form (dual-task) exercises, and to provide context as to
how physical and cognitive abilities change with age and
which strategies might be applied to slow down physical
and cognitive decline. On the hot spots identified earlier
in the process, group activities (e.g., a visit to the weekly
market) were scheduled every second week, ideally at
the suggestion of the participants as the experts in their
own neighbourhood. Additional social and sociocultural
group activities (e.g., preparing a meal together, playing
bocce in the park) were arranged by the tutors early in
each intervention cycle. The group members were then
encouraged to take over and self-organise their activities
or challenge one another to join public activities, freely
choosing the frequency and duration, content and place.

For an additional option, some participants were
offered to hold smartphone-supported home-based
physical or cognitive training sessions using the respec-
tive features of the specifically designed and pro-
grammed Quartier Agil smartphone app, involving
exercise training instructions (videos with strength and
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Table 1 Components of the Quartier Agil intervention
Key alements Objective Setting  Tutors'role Location Resources
Multimodal group Combined physical Improve cognitive Group Instructing Gym of the local Smartphones, training
fraining and cognitive (dual and physical resources sports dub equipment
task) training, educa-  for relevant everyday
ticn functions; promate an
{inter-jactive lifestyle
"Hot spot” activities Activities in exploring  Be active: meet peaple  Group Accompanying  “Hot spotsTin the Smaartphanes, local
the local envircnment  in the neighbourhood; neighbourhood erwironment and
(re-}discower one's facilities
habitat, strengthen
link to (sodal) neigh-
bourhood
Group challenge tasks Tasks created by group  Be active; Create Group Stimulating Neighbourhood Dependent on task;
members, posed to curicsity; improve self- mostly smartphones,
[sub-jgroups afficacy local environmeant 2nd
facilities
Solitary physical Individually tailored Improve physical Individual Supporting Home Smartphones, app
training physical exerdsas function
Solitary cognitive Individually tilored Improve cognitive Individual Supporting Home Smartphones, app
training cognitive exarcises function
Perscnal challenge Individual cognitive or  Be active: create Individual Stimulating Meighbourhood, Dependent on task;
1asks physical tasks embed-  curicsity; improve salf- homea miostly smartphones,

dead in everyday

afficacy

activities

local environment and
facilities

balance exercises) and cognitive games (e.g., memory
exercises, anagram, Stroop tasks, and word search puz-
zle). These physical or cognitive tasks were linked to
the calendar feature of the Quartier Agil app, and the
participants were reminded via text messages. Other
features of the Quartier Agil app included communica-
tion (chat feature), and the option to locate other par-
ticipants in the quarter (which could be turned off by
the participants). The individual content and progres-
sion of the physical and cognitive training features were
managed by the tutors using a web interface. This inter-
face also allowed the tutors to set up quizzes based on
QR codes. Lastly, the participants were encouraged to
set themselves personal challenge tasks relating to (eve-
ryday) physically or cognitively challenging activities,
considering their individual needs and aims (e.g., walk-
ing instead of driving to the baker's shop, keeping the
shopping list in mind instead of writing it down).

A particular focus of the intervention was the promo-
tion of social participation through the maintenance and/
or improvement of (instrumental) activities of daily living,
physical mobility and autonomy. If requested, the tutors
gave limited advice on possible primary or secondary care
based on their therapeutic background and experience,
but they did not provide any curative or therapeutic care.

Based on the recommendations by the American
College of Sports Medicine [64], the following weekly
physical activities and exercises and progression were
recommended to most of the participants:
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« Aerobic activities: 1 x 20minutes (first month) =
2-3 » 30—60 minutes (sixth month)

+ Resistance training: 1 x 4-6 exercises, 1x 10-15
repetitions, each with low to moderate resistance
(first month) =» 1-2 x 46 exercises, 3 x 8-12 rep-
etitions with high resistance (sixth month)

+ Balance  training: 1x4  static  exercises,
2 % 15-30seconds each (first month) = 2 x 6 static
and dynamic exercises, 4 x 30—60seconds each or
10-15 repetitions, respectively (sixth month)

» Stretching according to individual needs

During the multimodal group training, for each
of these domains, exemplary activities and exercises
were performed together, and individual feedback
was provided to the participants. Participants were
instructed to try out various ways to accumulate the
recommended dose of physical activity in each domain
throughout every week. In doing so, they were free to
choose “hot spot” activities, group challenge tasks, soli-
tary physical training (smartphone-supported), or per-
sonal challenge tasks or any preferred combination of
these (see Table 1). If participants already met or sur-
passed the recommended dose of physical activity, they
were suggested to slowly increase the intensity or dif-
ficulty level, or the total amount of activities.

Cognitive-linguistic training was partially based on
existing training programmes (SimA, NeuroVitalis)
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[37, 38] and progressed according to the following
scheme:

+ First—sixth month: at least 10 minutes/day, self-paced
cognitive training (attention, working memory, exec-
utive control, verbal ability), according to individual
needs

« First-second month: 30 minutes/week, attention and
focus (psychoeducation, group activity)

+ Third—fourth month: 30minutes/week, executive
control (psychoeducation, group activity)

« Fifth-sixth month: 30 minutes/week, sensory sys-
tems and visual perception (psychoeducation, group
activity)

To introduce the cognitive-linguistic exercises, these
were first performed in the multimodal group training.
Similar to the physical activities, participants could then
choose their preferred way to achieve the recommended
cognitive-linguistic training dose, eg. real-life group
activities or group challenges; individual, smartphone-
supported cognitive training; and/or setting up personal
challenge tasks.

During the 6 months of implementation, the content of
the training sessions became more complex, and physi-
cal and cognitive-linguistic elements were linked. For
example, initially, during a stepping task, the participants
were asked to adjust their stepping pace and direction
according to the appearance of cue words in a story read
to them. At the end, the participants practised a rather
complex line dance.

Individual tailoring
During the group training sessions, common criteria
were applied to individually tailor the intervention, such
as rating of perceived exertion, lack of concentration, as
well as signs of exhaustion, pain and/or dizziness. The
participants were instructed to reduce the intensity or
take a break accordingly. Variations of exercises were
offered (e.g., varying the initial body position, number
of repetitions) to prompt individual adjustments. If the
nature of the task permitted it, the participants were
encouraged to help their peers.

The level of difticulty of the app-based cognitive tasks
was automatically regulated by individual performance.

Data collection/assessments

The programme's feasibility was evaluated at the pro-
ject level (process, resources and lessons learned) and
the participant level (clinical data: physical and cogni-
tive fitness, activity/mobility, participation). Defined
sets of quantitatively measured outcome parameters for
physical and cognitive fitness, as well as qualitative and
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self-estimated measures for social participation were
used to estimate the magnitude of the effects. Because
of the exploratory nature of the study and because of the
expectation of a relatively high initial level of physical,
cognitive and social activities of the participants, out-
comes were not pre-defined as primary, secondary, or
tertiary (deviating from the CONSORT statement).

The data on physical functionality and physical capac-
ity, cognitive functionality and cognitive capacity, physi-
cal activity, quality of life and social participation were
collected before (baseline) and after each of the two
six-month cycles of intervention by the tutors (follow-
up). The feedback of the participants and the tutors was
gathered every fourth week and towards the end of each
intervention cycle. The latter included requests and sug-
gestions for upcoming sessions. During the programme,
the attendance rate for the various components was
recorded by the tutors.

It was planned that the Quartier Agil smartphone app
also included a documentation feature, capturing login,
sensor and self-report data It should allow the par-
ticipants (and by extension in an aggregated form, the
tutors) to log the frequency and duration of app usage,
as well as the frequency, amount, type and intensity of
the solitary physical training and physical leisure activi-
ties, while safeguarding individual participant privacy
and fully adhering to the data security requirements in
Germany.

Physical function and capacity

The six-minute walk test (6MWT) was used to estimate
aerobic (endurance) capacity. The 6MWT measures the
maximum distance that the participants are able to walk
on a flat surface within & minutes. While it has been
described as sufficiently reliable, valid and responsive
(minimum clinically important change: 20m), ceiling
effects do occur in persons with a high aerobic capacity
[65].

The Berg Balance Scale (BBS) was used to assess bal-
ance and risk of falling. The BBS involves a standardised
rating of the duration and quality of the performance in
14 balance-related tasks [66].

Leg strength was assessed by measuring the maximum
isometric force of the knee extensors of the dominant leg,
according to the Physiological Profile Assessment (PPA),
using a digital force gauge attached to the subject’s leg in
a standardised seating position (90" knee and hip flexion).
The greatest force out of three trials was recorded [67].

Cognitive function and capacity
The Montreal Cognitive Assessment (MoCA) was used
to screen memory recall abilities, visuospatial abilities,
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multiple aspects of executive function, attention, con-
centration, working memory, language and orientation
to time and place [62]. It also served to assess exclusion
criteria.

The Nirnberger-Alters-Inventar (NAL Nuremberg
Gerontopsychological Inventory) served to evaluate cog-
nitive functions, such as attention, memory and inhibi-
tion [68].

The Regensburg Word Fluency Test (RWT) was used
to assess cognitive-linguistic performance through word-
generation tasks for the evaluation of executive function-
ing and word fluency [69].

Physical activity
For the assessment of habitual physical activity, the par-
ticipants wore an accelerometer [Actigraph wGT3X)
during their waking hours for 1 week. The device was
positioned on the hip to register triaxial acceleration at
100 Hz. The data collection and evaluation followed pub-
lished recommendations [70], using cut-oft points for
moderate to vigorous physical activity (MVPA), accord-
ing to Freedson et al. [71]. During that week, the partici-
pants were additionally asked to complete a handwritten
activity diarvy and to subjectively estimate their average
daily physical activity.

Quality of life
The participants rated their health-related quality of
life (HRQOL) using the well-established Short Form 12
(SF-12) questionnaire. Based on the 12 questions on the
SF-12, physical and mental component summary scores
were calculated, each between 0 and 100 (respectively for
the lowest and the highest levels of HRQOL) [72].

Additionally, the participants were asked to answer
questions relating to their autonomy (AUT); past, present
and future activities (PFF); and social participation (SOP)
using the respective facets of the World Health Organi-
zation Quality of Life—OLD (WHOQOL-OLD) question-
naire [73]. For each facet, the transformed scale score,
ranging from 0 to 100, was calculated.

Adverse events

Throughout the programme, adverse events, such as
falls, cardio-respiratory complications, dizziness/vertigo
and injuries of the musculoskeletal system, were docu-
mented and classified according to the degree of severity
{minor, moderate, serious). Potential causality between
the intervention or the assessments and moderate or
serious events was analysed post hoc by examining the
course of events and circumstances and looking for a
plausible link.

29

Page80f 19

Social participation

After the six-month intervention, the participants were
asked to rate the change of their social participation using
self-developed questions. Before and after the six-month
intervention, for one week each, the participants were
requested to record the number of persons with whom they
had contact, the frequency of going outside their homes,
the number of social contacts meaningful to them and the
number of social contacts with whom they were satisfied.

Feedback of participants and tutors

At the end of each cycle, the participants provided struc-
tured feedback on the organisation of the programme
and their overall satisfaction with it. Feedback was
obtained by a questionnaire containing open-ended and
closed-ended questions at the follow-up assessments,
and a group discussion in one of the last multimodal
group training sessions led by the tutors during which
the key statements were summed up and noted. The
tutors recorded their own impressions regarding the pro-
gramme’s feasibility and social effects, as well as the par-
ticipants’ active involvement and behaviour throughout
the programme. They were also asked to reflect on the
group size and constellation, resources for and barriers to
the implementation of the various components, usability
and maintenance of the smartphone and apps, as well as
the intervention content and scheduling.

Statistical analysis

For the analysis of the clinical data, an intention-to-treat
(ITT) approach was followed, with the last value carried
forward in case a participant missed the follow-up test
(assuming that the data were missing at random). To per-
form intragroup comparisons of clinical outcome meas-
ures before and after the intervention, the
Wilcoxon-Wilcox test was used (IBM SPSS 22). No
adjustments were made for covariates, The eflect size
(ES) r was calculated as r = -4, where Z is derived from

the Wilcoxon-Wilcox W test statistic, and N denotes the
number of included observations [74].

Results

Participants

Of the potential participants recruited through newspa-

per advertisements, flyers on relevant sites in the neigh-

bourhood (e.g., cafés or shops), community stakeholders

and word-of-mouth recommendations, 19 and 20 per-

sons met the inclusion criteria and were respectively

included in Cycles 1 and 2 of the study (Fig. 1).
Descriptive sociodemographic data are presented in

Table 2.
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Table 2 Characteristics of the study sample at baseline (that is, at the start of each 6-month intervention cyde)
Total (n=39) Cycle 1in=19) Cycle 2 (n=20)
Mean (Standard Deviation]) or Mean (Standard Deviation) or Mean (Standard
absclute number absolute numbear Deviation} or absolute
number
Age, years 731 (B8 71800 736 163)
Body mass index, ka/m? 24744 25433 244037
Gender (female) 33 1& 17
Fall episode within last 1 5years 24 17 7
Madical conditions presant
- neoplasms 3 2 1
- endocrine, nutritional and metabolic 1 3 B
- METVOUS SYStem 3 2 1
- gye 3 a 3
- blood and drculatory system 15 9 &
- musculo-skelatal system 24 1 13

Diata are presented as mean + standard dewiation or in absolute numkbers.
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At baseline, the participants accumulated 158 £43 min-
utes of light activity and 30425 minutes of MVPA per
day, with 13 of 32 participants following physical activ-
ity recommendations (> 30minutes of MVPA/day) [75].
With a mean of 493+ 74meters, 25 of 33 participants
performed better in the 6MWT than the age- and gen-
der-specific norm at baseline [76]. Seventeen of 33 par-
ticipants scored higher in the BBES than their age- and
gender-specific norm value at the baseline [77]. MoCA
scores indicated no clinically relevant case of cognitive
impairment [61] in the sample (Table 4).

Recruitment

The two tutors spent a total of 20 work hours on making
preparations and recruiting participants (31 minutes per
successfully recruited participant). The eligibility criteria
were highly applicable, and there were no unclear cases.
The eligibility criteria did not seem too restrictive, with
an estimated recruitment rate (proportion of persons
included at baseline from the persons initially addressed
— see Fig. 1) above 10%.

Assessments

The two tutors spent a total of 26 hours on making prepa-
rations and organising the baseline and follow-up assess-
ments (20minutes per participant). Actually, conducting
the assessments took 164hours in total (approximately
2hours per participant). For various reasons, the assess-
ments were partly incomplete for 13 of 33 participants
(Fig. 1).

Attendance during intervention

In total, six participants dropped out during the interven-
tion period (Fig. 1). The average attendance rate in the
weekly group training (offered 24 times per cycle) was
76+ 15%. In each cycle, almost half of the participants
performed 10 additional activities at hot spots (eg., a
photo safari, during which individually meaningful land-
marks were to be photographed and then shared with the
group; a bike ride along the “Springorum” bicycle path on
a former mine railway track; a teatime quiz at the well-
known traditional “Wickenburg” bakery) and 3 group
challenge tasks (e.g., playing bocce or Kubb; “mental
walks"” where routes were first to be imagined, and then

actually walked).

Intervention: resources and implementation

The two tutors were both present at all the group sessions
and in most additional activities that they had organised,
except for holidays and solitary individual training. They
each spent approximately 6 hours per week during Cycle
1 and 3 hours per week during Cycle 2 on the conception
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and implementation of all activities (excluding smart-
phone support).

For the weekly multimodal group training serving as an
anchor, the gym of a local sports club was rented. This
facility provided a broad range of sports equipment and
training materials (Swiss ball, stepper, small sandbags,
mats, etc.), which were complemented by weight bands
and board and throwing games.

The amount of time that was initially planned for
smartphone training in the weekly group sessions turned
out to be too short and had to be extended. Furthermore,
it had to be supplemented by individual support. Intro-
ducing the smartphones to the participants and support-
ing them, adjusting settings, assisting in solving technical
problems and coordinating further problem solving with
the technical partners required an extra 3 hours in the ini-
tial weeks of each cycle and approximately 1 hour towards
the end of each cycle for each tutor.

The hot spot activities and the group challenge tasks
were offered in the neighbourhood as planned. The
smartphone was employed as an essential element of
many of these activities. The exercise training and QR
code scanner features of the Android app specifically
designed for Quartier Agil were deemed useful, whereas
its communication feature turned out to be of little use.
Therefore, the latter feature was soon replaced with a
standard app (WhatsApp), which was widely used for
intragroup communication during and after each inter-
vention cycle.

Intervention: example

An example of the actual programme offered in a typical
week of Quartier Agil (week 13 of 25) is shown in Table 3.
More detailed information will be made available in Ger-
man on https://wwwhs-gesundheit.de/forschung/abges
chlossene-projekte/quartier-agil.

Intervention: modifications

Based on the participants’ feedback and on the tutors’
experiences, as planned, the intervention was modified
after completing Cycle 1.

Because of the challenges and the time expenditure
related to the smartphone training and support, this was
trimmed down to cover only the most relevant functions.
Basic features, such as the messaging app or the contact
information of other group members, were pre-installed.
Furthermore, the tutors offered a fixed, clearly limited
time slot prior to each group session for the introduc-
tion to specific functions, individual consultation and
troubleshooting. The tutors also paired advanced smart-
phone users with less experienced ones and asked the
participants to support one another. The time gained was
utilised for physical and cognitive exercises, as well as
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Table 3 Sample week of the Quartier Agil programme
Day Monday Tuesday Wednesday Thursday
Component  Solitary cognitive training Solitary physical training Multimodal group training Hot spot activities
Content Ceognitive game Anagram via Six strength exercises via app Gresting administration Paper chase: "0On the trail of .7
app Cognitive game Homaonym hike through botanical garden,
Obstacle coursa + cognitive combined with a smartphone-
task outlook based quiz
Duration Sminutes 30minutes S0minutes S0 minutes
Time At the discreticn of each At the discretion of each 10:30-1200 Self-organised by a number of
partidpant partidpant participants
Location Home Home Local sports dub Botanical garden
Manitoring - - 2 tutors -
Resources Smartphone, app Smartphone, app Word list, cones, hoop, balance  Smartphone, quiz
pads
Organised by 1 tutor 1 tutor 2 tutors 2 tutors

In this example, no activity was scheduled from Friday to Sunday. The content of the multimodal group training and the actual het spot activities usually changed

from week to waek

for facilitating group activities and getting to know one
another.

For a further change in Cycle 2, the tutors included
more didactic elements to promote group processes and
social networking. They applied more games for famil-
iarisation, promoted practising in small groups or in pairs
and frequently changed seating arrangements. They also
repeatedly let the group reflect on and discuss the pro-
ject aims. Exercises, activities and app features that were
rated ‘poor’ after Cycle 1 were replaced by other items.
For example, instead of a modified ball game, a net-step-
ping task was provided to the participants of Cycle 2.

Most of the recurring technical issues with the smart-
phones were resolved by either the technical partners or
the tutors using non-digital workarounds. This can be
illustrated by the smartphone tracking module that was
intended to identify highly frequented sites in the neigh-
bourhood (hot spots) and to interconnect participants
in real time (i.e,, while they were moving around in the
neighbourhood). Due to problems with the GPS signal
processing and filtering, this tracking and interconnec-
tion module did not work as intended. As a workaround,
hot spots were then identified based on a simple paper-
and-pencil alternative and on a discussion with all par-
ticipants to align group activities with their preferences
and habits.

Intervention: participants’ feedback

The participants’ feedback indicated good overall satis-
faction with the programme, and most participants asked
for an extension of the intervention period. Of 29 partici-
pants, 27 stated that their expectations had been fulfilled.
Twenty-two of 29 participants clearly felt that the pro-
gramme had indeed helped them make new contacts and
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expand their social network, as well as actively partici-
pate in the social life of their neighbourhood. While this
was not formally evaluated, the participants’ smartphone
competency seemed considerably improved.

Of the group activities, the QR code-based quiz in the
nearby botanical garden, a relay of 100 guestions and the
throwing game Kubb were rated most positively. Modi-
fied ball games and other sports games were less popular.

The smartphone videos to guide individual strength
and balance training were initially regarded as help-
ful but were actually used to varying degrees. Cogni-
tive challenges offered via the Quartier Agil app were
appreciated and used after some time. The overall
satisfaction with the specifically designed app varied
between participants because of both dispensable and
missing features. However, after the initial barriers had
been overcome, the smartphone itself and the con-
ventional messaging app were lauded and used quite
frequently.

Intervention: tutors’ feedback

Generally, the tutors rated Quartier Agil as a feasible
programme. However, they addressed some limiting
factors. Extensive differences in cognitive and physical
capabilities among the participants, as well as varying
extrinsic motivators and expectations, made it difficult
to design and deliver an intervention that was suitable
and interesting for everyone. Due to this heterogeneity,
the group size (20 persons) was regarded as the maxi-
mum, which still enabled safe and tailored supervision
by the two tutors. The smartphone introduction and
support were perceived as the greatest challenge to this
project. Abundant minor and major technical problems
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Table 4 Quartier Agil intervention effects

Baselina Follow-up Wilcoxon-Wilcox  Effect size
tesst (W)
n Median (Range) Meadian (Range) z P r
Barg Balance Scale (scaore) 33 H4(41-56) 55 (44-56) —2133 020 41
n  Mean (Standard Deviation)  95% 1 Mean (Standard Deviation)  95%C1 z P r
Six-mninute walk tast (m) 33 493(743) 457-519  500(829) 470-529 105 295 18
|sometric strength: knee exten- 33 N6G3N 190-242 222 (9.00 190-254 -038 J05 07
sion (kg)
Light physical activity (% of wear 32 1B8({544) 168-208 187 (5.18) 169-206 —0M o0g 02
time)
Moderate to vigonous physical 32 394339 274514 3B0(295) 274487 007 43 M
activity (% of wear time}
MoCA (score) 33 257(220) 248-365 357247 248-266 014 290 02
MAl subtest: figure test (n remem- 33 527(1.01) 402-563 S564(078) 536-591 —-203 42 35
berad items)
Ml subtest: wordlist (sumnecop- 33 573(217) 408648 6120173 551673 109 274 19
ied and recognised items)
MAl subtest: numbers connection 33 253(12.1) 21.1-297 225(5%4) 204246 047 £33 08
test BT ins)
MAl subtest: numbers symbol tost 33 470(968) 444 513 4BA2(047) 451-518 052 AD3 09
(score)
MAl subtest: Stroop (interference 33 235(119) 193-37.7 202(97 170-235 218 030 38
score, T ins)
MASubtest: latent learning (n 33 60901.40) 550550 624 (1.09) 5B6-6631 047 41 08
remembered items)
RWT subtest: formal lexical werbal 33 624(214) 548-700 704235 620-78.7 —1564 00 29
fiuency
FWT subtest: formal lexical werbal 33 637 (2458) 544-718 7590210 6B4-833 335 o 57
fluency change
IIIFﬂn‘n‘Tsutm;s.l:5@1'1'|ant'|cl.'ert:all 33 TREE40) 673-843 B35 2000 764906 275 006 48
uency
RWT subtest: semantic verbal 33 F22040 635-80.7 7400240 650-820 074 462 13
fluency change
SF-12 n
PCs 481 (763) 453-509 453 (108) 424-503 105 s 19
M5 243924 209-276 249(783) 20-278 004 G m
WHOQOL-OLD EX)
AT 789137 740-829 739113 741837 009 o920 02
FPF 744 (168 684-805 10170 678802 —022 830 o4
S0P FE2 (1600 T04-819 773(194) 703344 075 455 13
n Absolute number Absolute number z o r
Activity diary 29
Contact personsdweck Q o 0
0 persons 0
1-3 parsons ] 4
4-7 persons 16 20
8+ persons 7 5
Left homafweek —141 157 2%
Otimes 1 o
1-3 times 25 5
4-7 times 3 4
8+ times 0
Meaningful contacts’ week —0.71 48 I3
0 contacts 0 o
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Table 4 (continued)
1-3 contacts 7 17
4-7 contacts 12 10
B+ contacts ¥ 2
Satisfaction with contacts o 0 o
vary high 9 9
high 15 14
mioderate 4 [
low 1 a
not satisfied W] a

Abbreviations: MeCA Montreal Cognitive Assessment, NAI Muremberg Gerontopsychological Inventory, RT reaction time, n quantity, AWT Regensburg Word Flusncy
Test, PCS physical component summary score, MCS mental component summary score, AUT Autonomy, PPF past, present and future activities, SOP social participation

and delays consumed the time spent with the group and
required intensive cooperation with the technical part-
ners, relating to the front-end, back-end and data pro-
cessing components. Finally, albeit to a lesser degree in
Cycle 2, the tutors thought that the participants were
hesitant to show initiative in co-producing their activi-
ties. While they became familiar with each other and
got involved over the course of each cycle, they were still
slow to get active themselves. So, even towards the end,
they relied on the participation tutors to bring in ideas
instead of designing the individual and the group chal-
lenges on their own.

Adverse events

There were neither moderate nor serious adverse events
during the investigation period that could be traced back
to the intervention or assessments of the Quartier Agil
project.

Preliminary estimate of effects

Most outcome measures (except improved balance)
related to physical function and physical activity did
not significantly differ between baseline and follow-up
(Table 4). Because of problems with the data collection
using the Quartier Agil app and because of a large num-
ber of inconsistent entries in the activity diary, the actual
types of activities could not be analysed.

Cognitive testing revealed a significantly improved
short-term memory from baseline to follow-up and an
increased inhibition, as well as a significant improvement
of executive functions and word fluency, displayed by two
of the word generation tasks of the RNWT (Table 4). All
other cognitive parameters showed a trend towards con-
sistent or more efficient cognitive functioning but did not
reach significance.

Cuality of life and indicators of social participation did
not significantly differ between baseline and follow-up
(Table 4).
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Discussion

According to this exploratory proof-of-concept study,
the Quartier Agil approach to promote older people’s
social participation in their neighbourhood seems fea-
sible and safe. Its core components and principles (pro-
vide and enable social interaction, take place in the
neighbourhood, involve participants and use digital
resources) can be included and followed, albeit to vary-
ing degrees and at different costs. Adaptations in the
intervention and in the assessments may contribute to
better assessment and exploitation of the potential of
the Quartier Agil approach.

Resources needed
More resources than anticipated were necessary for the
recruitment and assessments, as well as for the imple-
mentation of some components of the intervention.
The high number of programme components and
the consideration of perspectives from multiple dis-
ciplines, such as sociogerontology and psychogeron-
tology, prevention sciences, and sports and therapy
science, strengthen the programme and contribute to a
truly bio-psycho-social approach. However, in practice,
this increases the complexity and the resources needed,
which becomes particularly apparent in developing and
organising the smartphone support.

Recruitment

The recruitment was sufficiently feasible. For future
studies, it is interesting to note that in the first cycle,
at a time when we did not have any personal connec-
tions te stakeholders or potential participants in the
neighbourhood, most participants were recruited
via newspaper advertisement. Later, as soon as some
personal relationships were established (Cycle 2),
most participants were recruited by word-of-mouth
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recommendations. The smartphone support was an
important attractor for programme participation. This
also had an impact on how the group was composed
and what the preferences of the participants were later
in the programme. It is unclear if less cognitively, physi-
cally and/or socially active persons (which would be the
actual target group in a future larger study) could be
recruited with similar ease. This may require different
recruitment strategies.

Intervention

Overall, with the changes introduced for Cycle 2 (as listed
under the sub-heading Intervention: Modifications), the
intervention was feasible. Nonetheless, several adapta-
tions could be considered to strengthen it.

Introducing the smartphone and apps to the par-
ticipants turned out to be very time-consuming for the
tutors. In this situation, more and better organised inter-
actions among group members may improve less expe-
rienced users’ adoption of the new technology. Taking
advantage of the heterogeneous group constellation by
pairing experienced and inexperienced users in Cycle 2
turned out to be useful, together with restricting time for
smartphone lessons. For the experienced participants,
helping and instructing less skilled group members
seemed to solidify their own knowledge, while the less
experienced participants indeed seemed to increase their
digital competency because of this help [78, 79]. For the
future, another option might be to involve digital natives
(e.g., younger relatives, such as grandchildren).

Assessments

Baseline and follow-up assessments could be performed
safely and were generally feasible, but some participants
had incomplete data. The total number of assessments
may have overwhelmed these participants, as further dis-
cussed in the subsection “Adequacy of outcome param-
eters” In the future, the relevance of these assessments
(and of the completeness of the data) could be explained
more carefully to the participants (e.g., by addition-
ally providing them with a video), and all data should be
immediately checked for completeness and plausibility
(enabling further enquiry if needed).

Participant satisfaction and lessons learned
Overall, Quartier Agil was well received, with few drop-
outs. Specific adjustments may be useful based on the
feedback of the participants and the tutors, as listed in
the Results section. The most important adjustments
likely concern the smartphone app and the participants’
views on their own role in the project.

The app was specifically designed and programmed
for Quartier Agil, intended to ease or enable goal and
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incentive setting, and offering home-based physical or
cognitive training sessions. Another planned feature was
the documentation of physical training, activities and
visited locations, and most importantly, older people’s
social interaction itself. However, some of the features of
the app were not well received by the participants. Fur-
ther, some of the documentation features were not (com-
pletely) programmed because of the limited resources
available, while other features did not function properly,
or were unreliable. We had underestimated the iterative
process of app development and the recurring bugs that
could not to be resolved guickly. Underlying problems
included the front-end, back-end and data processing
components of the sensing system.

For future interventions, the research team would aim
to either select established and user-tested apps well
before the start of the project (commercial, open-source,
prototype) or plan to use paper-and-pencil alternatives.
As an example, WhatsApp successfully initiated brisk
communication among the participants far beyond the
Quartier Agil intervention. Studies on instant messag-
ing (e.g., WhatsApp) provide some evidence of a positive
relation between computer-mediated communication
and perceived social support and connectedness among
community-dwelling older adults [80]. With ongo-
ing technological development, smartphone apps will
offer more options and may better adhere to standards
for mobile health-related apps. However, it will still be
challenging to identify suitable, affordable and easy-to-
use applications for specific means, such as goal setting,
describing behavioural patterns over time (documenta-
tion of activities/ visited locations) and examining social
network systems.

Researchers could attempt to better explain the nature
of social interaction to the participants and to further
gather and discuss their individual perceptions of social
participation. This would consume more time early on
and might require better use of didactic strategies, but
it could result in a greater or a more specific commit-
ment of the participants and allow them to co-produce
the intervention instead of just perceiving themselves as
recipients. Encouraging participants’ exchange on the
specific objectives of the project could be more explic-
itly extended to the underlying concept of enhancing
activity and cognitive function as a means to enable par-
ticipation, while stressing the relation between physical-
cognitive functions and (perceived) social participation
as individual and varying among persons. Researchers
could also better illustrate to participants that (training)
activities are not only means of maintaining health but
equally represent a form of autonomy, participation and
social interaction themselves.
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Adequacy of outcome parameters

The data collection and testing provided valuable
information on several parameters relevant for social
participation. The participants perceived it as quite
extensive, so the researchers did not add any assess-
ments in Cycle 2. However, the outcomes may not
have fully covered the scope of the interventions (e.g.,
concurrent motor and cognitive task training, and
smartphone education and training) and the aims of
Quartier Agil (e.g., to prevent both physical decline
and social isolation in the neighbourhood, and to
increase health behaviour competence). Outcomes
such as dual-tasking abilities [81], perceived compe-
tence and confidence to handle and use a smartphone
[82], the size of the personal life space [83] and physi-
cal activity-related health competence [84] might offer
advantages over some of the rather clinical and func-
tional outcomes chosen for this feasibility study. Dual-
tasking abilities, smartphone competence, life space
and health behaviour competence might better reflect
the multidimensionality of the researchers’ approach,
have higher relevance for or be more closely linked
to participation and be more sensitive to the actual
intervention.

Such outcomes should not simply be added to the
current set but would need to replace existing func-
tional outcomes. The choice of parameters to assess
both the process and the outcomes should ultimately
be guided by a refined theory of change (logic model) of
the Quartier Agil intervention, while strengthening the
focus on social participation. The social relationships of
the present study's participants should be characterised
in more detail to be able to reflect on and understand the
implications of their different nature and type. For exam-
ple, in previous studies, friendship ties were found to
be more closely related to late-life physical activity than
family ties [85].

In this context, the utility of a detailed guantitative
collection of social interactions, daily activities and
mobility patterns — with the goal of actually guiding the
intervention — needs to be discussed critically. While
using (big data) analytical technigues might help expose
relevant behaviour patterns and (inter-)relations with
social participation during the intervention, the sole
reliance on objective data might detract participants
from finding and communicating their own perspec-
tives and solutions. As a technological solution, sensor
data might be used to trigger context-contingent, eco-
logical momentary assessments [86], which could later
be used for scientific analysis, as well as assist in indi-
vidual and group reflections. For example, when a par-
ticipant changes his/her location in the neighbourhood
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(obtained via GPS data), an app might immediately
deliver related questions (e.g., “Why are you here?”
“Whom are you with?” "Do you feel that you are socially
participating?”). Participant incentives might be neces-
sary to encourage the use of the sensing app for long
periods of time.

Focus group discussions, semi-structured interviews
and photovoice should complement the guantitative
assessments. Apart from producing scientific findings,
these qualitative assessments could also be viewed as a
participatory method and part of the intervention, since
these might contribute to triggering more thorough
reflection and communication processes regarding social
participation, the participants’ role in the project and
their neighbourhood, among others.

Magnitude of effects

According to this study'’s results, Quartier Agil may safely
contribute to the preservation of physical functioning
and the improvement of cognitive functioning that are
relevant for participation and health in an already physi-
cally and cognitively active population. While some of
these effects’ relevance for older persons can hardly
be underestimated, and some individuals informally
reported considerable real-life impacts, these functional
effects had a limited magnitude on a group level. Due to
the broad inclusion criteria resulting in a relatively fit vet
heterogeneous group, and because of the accentuated
multimodal nature of the programme, this finding was
somewhat expected.

Unfortunately, the actual amount of individual train-
ing and activity throughout the six-month intervention
remains unclear, since the self-reported extent and inten-
sity of the solitary physical training, as well as the usage/
login data for the Quartier Agil app features including
the cognitive training were either not available in time, or
were apparently not logged correctly. Using more reliable
and user-friendly logging technology may allow research-
ers to analyse possible dose-response relations in future
studies.

Future study

A larger controlled study to more comprehensively inves-
tigate the Quartier Agil approach seems warranted. How-
aver, in order to be able to actually detect effects, this
future study should focus on older adults who are con-
siderably less active than the participants in the current
trial. Further, the intervention and the outcome assess-
ments should be revised according to the suggestions
offered in the preceding sections.
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Limitations

This study was deliberately not set up to have high inter-
nal and external validity. Its purpose was to systematically
gather information on the feasibility of both the Quartier
Agil intervention approach and a study to evaluate this
approach. This study’s limitations include its non-con-
trolled design; the small, selective convenience sample,
which is not representative of the actual target group;
and the relatively high number of incomplete assess-
ments. The lack of exclusion criteria regarding current
physical and cognitive activities should be considered as
a particularly significant limitation.

Conclusions

Overall, the Quartier Agil approach to promote auton-
omy and social participation of older people living in the
same neighbourhood through combined physical and
cognitive training, supported by technical devices, such
as smartphones, appears feasible. Even for the physically
and cognitively active and capable population, mod-
est improvement or at least the preservation of physical
and cognitive functions relevant for participation could
be observed. Likewise, the approach offers older people,
who have different interests and motives, the opportunity
to have a sense of achievement and to gain experience on
a variety of levels (social participation, digital participa-
tion, technical competence, physical function, cogni-
tive capacity and connectedness to the neighbourhood).
Increasing solidarity and exchange among neighbour-
hood residents may contribute to community-building
and enhanced neighbourhood cohesion.

The variety of overlapping social, digital, cognitive and
physical activities may contribute to making this unique
programme interesting and attractive to diverse partici-
pants. However, such a broad range of intervention com-
ponents necessarily comes at a price, that is, the portion
of each component and its effect on the corresponding
domain may be limited. Furthermore, the multimodal
nature of the project and the use of smartphones (includ-
ing the app) require a significant organisational effort and
tie up considerable resources for its supervision.

Based on the results presented in this paper, a future
larger study to assess the effects of a refined Quartier Agil
intervention on social participation as a primary out-
come, and revised secondary outcomes among socially,
physically and cognitively less active elderly persons
seems worthwhile.,

Meantime, this studys approach and the lessons
learned have generated substantial interest among the
people involved in the project and other municipalities
and neighbourhoods. Even in its current (preliminary)
conceptualisation, the project may provide interesting
options for sports clubs, municipalities, local charities,
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churches, welfare organisations and other social institu-
tions to extend the existing engagement and their pres-
ence in the neighbourhood. The recent concept of the
BEMBF-funded project Quartier Agil is described in more
detail in a German manual, which will be made avail-
able (for application in other neighbourhoods) at https://
www_hs-gesundheit.de/forschung/abgeschlossene-proje
kte/quartier-agil,
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Abstract: A global target of the World Health Organization (WHO) is to reduce physical inactivity
amonyg all adults and adolescents by approximately fifleen percent by 2030, Social media could
have an impact in this effort because of its enormous reach, potentially addressing underservied
populations in need for physical activity (PA) interventions. This scoping review provides a broad
overview of social media-based interventions and systematically maps the evidence regarding their
effectiveness for PA promotion and other health outcomes. Scopus and Medline were searched
using the terms “physical activity” and “social media™ and the names of key social media platforms.
Following the PRISMA guidelines for scoping reviews, abstracts and full texts were sereened for
eligibility. In total, 12,321 publications were identified and 53 met the inclusion criteria. The use of
Facebook was most prevalent in PA interventions, followed by study-specific platforms, More than
one third of the studies revealed positive effects regarding the promotion of PA. Additionally, social
media-based interventions positively affected other physical dimensions of health (e.g., weight or
blood pressure). Results pertaining to feasibility wene heterogeneous. Social media seems to be a
promising tool for increasing PA at the population level. Future studies should take the abundance
of platforms into account and select social media platforms consciously.

Keywords: social media; intervention; physical activity; scoping review; behavior change

L. Introduction
1.1. Background

Physical inactivity is a leading risk factor for mortality worldwide and contributes to
the etiology and progression of non~communicable diseases (NCDs), such as cardiovascular
disease, type 2 diabetes, various types of cancer, and chronic respiratory diseases. Seventy-
one percent of all global deaths in 2016 were attributed to NCDs [1,2]. In order to prevent
and minimize the burden of NCDs, the World Health Organization (WHO) developed the
Global Action Plan 2013-2020 with nine global targets to be accomplished by the year 2025.
Omne of the targets is to reduce physical inactivity worldwide by ten percent [3].

A status update of the WHO from 2020 suggests that, while some progress has been
made to reduce the burden of NCDs (e.g., to decrease NCD-related premature deaths),
further effort is required to reduce physical inactivity because of an insufficient success in
equally addressing all NCD risk factors, as indicated by a rising prevalence of obesity [2].
Particularly in low- and middle-income countries, challenging barriers to the implementa-
tion of effective interventions are frequently encountered. However, even in economically
developed countries, levels of physical inactivity have increased in the past decades as a
result of urbanization, digitalization, and varying options of transportation. According
to the 2030 Sustainable Development Goals set by the United Nations in 2015, the WHO
refined the Global Action Plan and incorporated a system-based approach to ensure that
all people, no matter which age, gender, socioeconomic status, disability status, or geo-
graphical origin, have accessible opportunities for being physically active in their daily
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lives. The new global target is to reduce physical inactivity in all adults and adolescents by
approximately fifteen percent by the year 2030 [4].

Social media holds great potential for the accessible promotion of physical activity
(PA). Based on the synthesis of definitions of social media appearing from 2007 orwards,
Mréz-Gorgon and colleagues (2016) defined social media as “network community com-
munication channels” (p. 38), which allow the exchange of information, interaction and
integration on a private and commercial domain [5]. Due to the rapid development of
social media, a multitude nowadays exists, for example, discussion forums, wikis, audio
platforms (e.g., Clubhouse, Spotify), live streams (e.g., Twitch), blogs (e.g., Tumblr), social
neftworking sites (e.g., Facebook), and media sharing networks (e.g., Instagram, YouTube)
which are not listed under the 2016 definition. All of these platforms have participatory
features in common that facilitate the exchange with existing friends, like-minded people,
communifies with similar characteristics (e.g., patient communities), or brands. Results of
several systematic reviews revealed that this interpersonal engagement with other users
fostered via typical features of social media, such as bulletin boards and chats, effectively
promotes knowledge regarding health topics [6]. Another advantage is that via these
built-in social elements, supportive, encouraging, or even competitive interactions can
take place easily. Both social support and social comparison can motivate individuals to
engage in more PA. A study by Cavallo and colleagues, 2014, found that social support via
Facebook stemming from existing friendships was more likely to change PA behavior than
communication about PA in a dedicated Facebook group [7]. Results from Zhang et al.,
2016, indicated that adding a competitive element to these supportive networks could have
an even more pronounced positive effect on exercise levels [8].

Beyond that, social media has an enormous reach; it is estimated that the number of
active social media users worldwide reached more than 3.6 billion users in 2020, and this
trend is continuing to rise [9). Due to the global technological progress and gains in internet
inclusion in nine of the fifteen low-income countries, the access is no longer reserved for
privileged people from high-income countries [10]. Taking into account recent user data,
social media appears to have the potential to address underserved populations known to
have restricted access to health care, due to physical, geographical, financial, or educational
barriers [11]. Instagram mainly attracts young people, and Facebook and YouTube reach
between 64 and 70% of people with lower levels of education. Additionally these two
platforms have, with nearly 50%, the most users who are above the age of 65 years, as well
as a large proportion of residents from rural areas (i.e., 67-74%) [12].

Although previous evidence indicates that social media-based interventions for the
promotion of PA achieve high levels of engagement and retention [13], results regarding
their overall effectiveness for increasing PA remain inconclusive. In the WALK 2.0 trial,
Kolt and colleagues, 2017, detected a short-term increase in moderate to vigorous physical
activity (MVPA) in an intervention group offered PA promotion via an interactive Web 2.0
site compared to a less interactive Web 1.0 group [14]. In contrast, Edney and colleagues,
2020, found no significant effect of their gamified, social networking intervention “Active
Team’ on MVPA [15]. The application of popular online-social networks, such as Face-
book, also yielded contradictory results in past studies. While one study did not find
any significant changes in PA in a group including female undergraduate students that
used Facebook compared to a control group receiving general educational material after
twelve weeks [16], another study observed a significant increase in steps walked per day
in a Facebook social support group compared to a standard walking group after eight
weeks [17]. Considering that social media is quickly evolving and may hold potential for
PA promotion, the overall aim of this scoping review is to provide a broad overview of ex-
isting social media-based interventions and map the evidence regarding their effectiveness
for the field of PA promotion.
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1.2. Objectives
This scoping review was conducted in order to:

1. Identify which social media platforms are used in interventions for the promotion of
PA to date.

2 Systematically map the evidence regarding their effectiveness for PA promotion.

3 Determine which dimensions of health are captured as secondary outcomes in the
studies included in the scoping review.

4. Summarize the evidence regarding the impact of social media-based PA interventions
on these secondary health outcomes.

5. Summarize the evidence regarding acceptability, use, and usability of social media-
based PA interventions.

2 Methods
2.1. Protocol and Registration

According to the PRISMA guidelines for scoping reviews (FRISMA-5cR) [18], a proto-
col was developed a priori and is accessible on Open Science Framework [19].

2.2, Eligibility Criteria

Due to the relatively broad nature of a scoping review and the explorative review
questions, all published literature on social media based-interventions promoting PA
was included.

Social media based-interventions encompass all interventions delivered via any type
of social media or at least incorporate one social media component of either existing,
popular platforms or stand-alone platforms (e.g., Facebook group, discussion forums,
message boards) to promote PA.

All studies that compared the social media-based condition to either (A) a non-social
media-based intervention (e.g., a face-to-face intervention, programs delivered via websites
or mobile apps, mass media campaigns, video tutorials), (B) a control group not exposed to
any intervention, or (C) a no-comparator condition were included. Additionally, articles
needed to address PA (or conversely physical inactivity, including sedentary behavior) as a
primary outcome to be included, regardless of whether PA was assessed using objective
or subjective methods of measurement. PA outcomes were considered as measures of PA
volume reported in various units (e.g., steps, min/day, number of repetitions).

All types of studies carried out on the research topic, so far, were eligible for inclu-
sion (e.g., experimental and quasi-experimental designs, pilot and observational studies,
reviews and meta-analysis). Furthermore, inclusion was restricted neither to any specific
population, as long as study participants were human beings, nor to contexts in which
studies were conducted. Conference proceedings, abstracts without full texts, and study
protocols without results were excluded from this review. In addition, systematic reviews
that did not provide complementary information, because they contained only a few stud-
ies on social media-based interventions, which were already included in the data extraction
for this scoping review, were excluded.

2.3, Information Sources

To identify relevant literature, the electronic databases Scopus and Medline via
PubMed were searched on 4 May and 12 May 2020 by the two authors LG and S5. The
search was comprehensive and limited by neither publication date nor publication type
or any other filters. Reference lists of the included full texts were scanned for potentially
relevant other articles.

2.4, Search

The search strategy was peer-reviewed and refined by an information scientist from
the Cochrane Metabolic and Endocrine Disorders Group before implementation. We
searched the concepts “physical activity” and “social media” as MeSH terms or index terms
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and key words, as well as their appropriate synonyms. In addition, we searched key social
media platforms from 2014-2020 by name [9]. The search terms were combined by using
the Boolean operators AND and OR. Detailed information on the search strategy for both
databases is provided in Supplementary 1.

2.5. Selection of Sources of Evidence

The selection of sources of evidence was executed in two steps after all identified
records had been exported to EndMote X9.1 and Rayyan. First, two authors (LG, 55)
screened titles and abstracts of all identified records independently, using the web app
Rayyan. Disagreements concerning inclusion/exclusion for full text screening were dis-
cussed with a third author (CREF) until they were resolved. Second, full texts of all records
that were deemed relevant after screening phase one, were obtained. Whenever a full text
was not accessible, the corresponding author was contacted for retrieval. Then, the two
authors LG and 55 independently screened all full texts for eligibility. Any discrepancies
were resolved via discussion with the third reviewer (CRP).

2.6. Data Charting Process

For the extraction of all relevant information from the included sources, a data charting
sheet was developed similar to the one provided by Elm and colleagues, 2019 [20], and
pilot-tested in advance, by two authors (LG, S5). Each of them extracted data from five
randomly chosen articles of the pool of included articles. In a discussion, the process of data
charting with this abstraction tool was evaluated and the tool was adapted, where necessary.
Then, the two authors LG and 55 independently charted data from each eligible full-text
by using the revised data charting sheet, formatted in Microsoft Word (Supplementary 2).
After completion of the data charting process, ten articles were randomly selected and the
two reviewers compared their corresponding data charts and verified the accuracy of their
extraction based on the a priori protocol and the original full text. In cases of differences in
the extracted data between the two authors, all data charted were compared again, and the
third author (CRP) was consulted to resolve inconsistencies.

2.7. Data Items

Data on the general information of the reference (e.g., title, authors, country, publica-
tion type), evidence source characteristics (e.g., participants, sample size, withdrawals), the
intervention (e.g., clusters, content, duration), outcomes (type, definition, unit, measure-
ment tools), and results (e.g., comparison, statistical results) were captured. Additional
information, such as the key conclusion of the study, notes or correspondence with the lead
or senior authors, was provided at the end of the charting form.

2.8. Synthesis of Results

First, the included references were grouped by study type (randomized controlled
trials, pilot studies, quasi-experimental and observational studies, and systematic reviews).
Additionally, articles were grouped by type of social media to obtain an overview of
studies using social media platforms as stand-alone interventions, specifically designed
for the purpose of the study, versus those which incorporated well-known social media
applications into interventions but also included other components. Along with the
main objective of this scoping review, data on how PA was quantified were charted, and
studies were summarized according to their effectiveness for improving PA (dependent
on reported P values for in-between group differences or withingroup differences from
baseline to follow-up). Secondary health outcomes were grouped into various dimensions
of health examined and by effectiveness. Additionally, the evidence on feasibility was
summarized, (e.g., descriptive results on use, acceptability, and usability of interventions).
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3. Results
3.1. Selection of Sources of Evidence

The initial database search generated 12,321 hits. Another 319 records were found via
search alerts in the two databases before the screening process ended and were added to
the final results. A total of 2064 duplicates were detected by Endnote and deleted before
uploading the remaining records in Rayyan. Via a manual search, another 513 duplicates
were identified by the two authors LG and 55 during the screening process and subse-
quently deleted. This resulted in 10,063 total records, which were screened by title and
abstract. After the first screening phase, 9945 records were excluded, and the full texts of the
remaining 118 publications were screened for eligibility. Throughout this second screening
phase, another 65 articles were excluded, with the most common reasons for exclusion
being: PA was not a primary outcome (1 = 21}, no social-media based intervention was
examined (# = 14), and the publication type was wrong (e.g., study protocols, conference
proceedings, 1 = 16). After completion of the screening process, 53 articles referring to
43 studies/ trials were included in this scoping review. For detailed information about the
selection process, see Figure 1 (flow chart).
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Figure 1. Flow chart of the selection process,

3.2, Characteristics of Sources of Evidence

The search delivered 24 randomized controlled trials (RCTs) [8,14-17,21-39], 15 pi-
lot studies [40-54], 3 observational studies [55-57], and 1 quasi-experimental study that
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compared two groups but did not randomize its participants [58], and 3 systematic re-
views [13,59,60]. The seven remaining publications presented results of secondary data
analyses based on the included RCTs [61-67]. Detailed information on the study character-
istics is presented in Supplementary 3.

Owverall, the 43 studies included 11,469 participants, ranging from a minimum of 10
to a maximum of 3010 individuals [48,56]. Participants were between the ages of 11 and
65 years [29,37], predominantly Caucasian (except for Joseph et al., 2015, including only
African American women [25]), and either predominantly or exclusively female, except for
two studies that only included men [2Z7,47].

Maher et al., 2014, included a total sample of 113,988 participants across ten studies in
their systematic review [59]. The other two reviews provided data on neither sample size
nor sample characteristics [13,60].

In 28 studies, a pre-existing social-media platform was used for intervention deliv-
ery [16,17,21,25,28,30-36,38,40,41,43,45,46,48-51,53-58], whereas in eleven studies,
a study-specific platiorm was developed exclusively for the purpose of the
study [8,14,22-24,27,37,39,42,47,57]. Lastly, four studies incorporated a combination of a specif-
ically designed app with the well-known social-media platform Facebook [15,26,29,44]. Forty
studies implemented a social networking sife or social networking feature, with Facebook be-
ing the most commonly used by itself (n = 18) [16,17,21,25,28,31,33,35,36,38,43,45 45-51,53,54].
Other well-known social networking platforms were the Ning network (1 = 1) in com-
bination with Facebook [32], Meetup (1 = 1) [34], and the Wanbu network (11 = 1) [56].
The social networking feature of the Fitbit App was utilized in two studies [30,40]. Of
the eleven studies that solely used their tool developed for the study, five had designed
an app [24,27,37,47,52] and four had implemented a website, all of them including social
networking features [8,14,22 39]. Two studies used social networking features, which re-
mained unspecified in the respective articles [23,42]. The microblogging platiorm Twitter
was used in two studies [41,46], one of them combined it with Facebook [41]. Another
study used YouTube in combination with the online social network Instagram [558], and
two investigated the virtual game Pokémon Go [55,57]. In the three systematic reviews,
a wide variety of social media platforms was applied across the several studies, whereas
Petersen et al., 2019 [13], summarized studies that incorporated Facebook only, Maher et al.,
2014, and Williams et al., 2014, included trials examining the role of interventions using
the popular platforms Facebook and Twitter, as well as study-specific online health social
networks or discussion boards [59,60].

The RCTs conducted were either two-armed (0 = 14) [16,17,21-23,25,27-31,34-36],
three-armed (# =7) [14,15,26,32,33,37,39] oreven four-armed (1 = 3) [8,24,38] interventional
studies with comparator conditions or a waitlisted control group. The pilot studies either
analyzed a single group (1 = 8) [40,41,43,44,48,51-53] or had a two-arm study-design
(n="7)[42,45-47,449,50,54]. Intervention content varied substantially among the included
RCTs and pilot studies. Most often, social media was used as a tool for the distribution
of information and recommendations regarding PA. Secondly, social media enabled the
sharing of PA data on an individual or team basis and reinforced interactions between
intervention/study participants or with researchers via discussion boards or groups. Most
studies argued that the interaction feature was a means of either providing a source of social
support, motivation, comparison or accountability for PA, or a combination of all of these
features. Other common features were goal setting and feedback on individual or team
progress. The huge majority of the studies combined the use of this digital component with
a measurement device (e.g., accelerometer, pedometer) to track PA and other intervention
add-ons, such as e-mails, in-person meetings, or exercise classes. In the control groups of
the studies, participants usually received comparator interventions, such as educational
classes, an almost identical intervention without the social media component, or they
were waitlisted.

Two observational studies tracked data of users and non-users of Pokémon Go [55,57],
an augmented reality game that rewards PA in a gamified context, and one study analyzed
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the use of the Wanbu network, a platform onto which step data can be uploaded and
discussed with friends [56].

In the one and only quasi-experimental study, a YouTube exercise video was delivered
to both the intervention and control group. The intervention group obtained additionally
motivation via Instagram [55].

Of the three systematic reviews, two summarized evidence on the effectiveness of
interventions delivered via a social media platform for changing PA and other health
outcomes, such as diet and weight [59,60], and quality of life [59]. The third review focused
on PA and psychosocial constructs related to PA and compared the effectiveness of mobile
apps with and without social networking features [13].

In all of the included articles, PA was the primary outcome, but it was captured in
numerous ways. Most of the studies (1 = 23) reported the minutes of PA executed at a
certain level of intensity, better known as time spent with moderate to vigorous PA (MVPA)
or sedentary time; time spent on either light, moderate, or vigorous PA; and total weekly
PA [14,15,23,25-20,31-33,36,40,44-50,53-55]. Further, eighteen studies quantified PA in
steps per hour, day, or week [14,17,21,25,31,34,37, 40,42, 44, 46-48,51-53,56,57]. Another five
studies reported energy expenditure and metabolic equivalents (METs) [30,31,35,38,48]).
Less frequently used measures of PA were active travel (1 = 1) [41], number of attended
exercise classes (1 = 3) [8,39,58], physical fitness (1 = 1) [43], and exercise frequency
(n=2)[16,22]. Some studies captured the time spent performing a specific type of PA, such
as walking (1 = 5) [23,26,29,44,55], or the time spent in plank position (# = 1) [24]. In most
studies, at least two measurements were performed to quantify PA.

Across the three systematic reviews, only Peterson et al., 2019, reported the PA out-
comes of interest in this scoping review in detail (e.g., light, moderate, vigorous PA, daily
steps, and sedentary behavior) [13], whereas Maher et al., 2014, and Williams et al., 2014,
referred to PA in general [59,60].

Secondary health outcomes were measured in 30 studies investigating between one
and eleven outcomes. The majority of studies captured aspects of physical health via an-
thropometric measures, such as height and weight in order to determine body-mass index
(m=10) [14,21,22,25,26,32,33,47 53,55] or only weight (n = 11} [17,21,23,27,31,36,47-50,53].
Others assessed fat mass or the percentage of body fat (n = 8) [21,22,27,31,46,458-50],
hip/waist circumference (1 = 6) [17,21,27,32,47,53], blood pressure (1 = 4) [21,46,47,53],
and serum lipids (e.g., total cholesterol and triglycerides, n = 2) [21,23]. Physical fitness
was also a commonly included outcome with five studies measuring cardiorespiratory
fitness [28,31,458-50], two studies investigating aerobic fitness [27,32] and one focusing
on grip strength [27]. Another three studies captured health behaviors, such as eating
habits, nutrition, and alcohol consumption [47,49,53]. Psychosocial outcomes related to PA
that were tracked in the included studies were motivation, enjoyment, perceived barriers,
social support, self-efficacy, group cohesion and outcome ex pectancies or combinations of
these outcomes were reported in fourteen studies [24,25,28,31,34,36-38,45,48-5(,53,58]).
Eleven studies measured mental health outcomes, such as quality of life, mood, de-
pressive symptoms or signs of anxiety or stress, psychological well-being, vitality, and
sleep [14,15,26,29,31,36,38, 45,47 48,51]. Singular and more specific outcome measures were
dog's PA (1= 1) [34], attention deficit hyperactivity disorder (ADHD) symptoms (1 = 1) [51],
and premenstrual syndrome (PMS) symptoms (11 = 1) [30].

Owverall, 29 studies examined the use, acceptability, and usability of the interven-
tions [15-17,24-29,31,32,34,36,37,40-45,48-50,52-54,56,58,61]. Twenty-four studies reported
results on use pertaining to the social media components (e.g., number of posts, number of
logins, step entries) [16,17,25-29,31,32,34 36,37 40-42,44, 45,48 50,52-54,56,61]. Acceptabil-
ity was assessed either regarding the entire program (1 = 11) [24-26,32,34,36,40,43,53,54,58]
or the digital component only (1 = 10) [25,27-29,31,36,48-50,53]. Usability (n = 8) was
commonly determined via rating scales or evaluation forms mainly focused on tracking
how easy the intervention (component) was to use [15,31,42,44,49,50,52 61]. In two of
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the included systematic reviews, results on use and engagement with the intervention
materials across the included studies were synthesized [13,59].

3.3. Results of Individual Sources of Evidence

Individual results on PA and the dimensions of health captured as secondary outcomes
in the included studies are displayed in Supplementary 3.

3.4 Synthesis of Results

In total, 24 studies demonstrated positive effects concerning PA [8,15,17,21,23,25,26,28-30, 35,
36,3941 43,4446, 47 51,53,55-58]. Sixteen studies found significant between-group differences
in favor of the intervention group thatwas exposed to a social media condition [8,15,17,21,
23,25,28-30,35,36,39,46,47,55,58]. Another eight studies reported significant improvements
in PA over time within groups (from baseline to follow-up) [26,41,43,44,51,53,56,57].

Conversely, in the WALK 20 study [67], PA increased by 92.8 min/ week more in
the intervention group that used standard Web 1.0 features compared to the group that
used Web 2.0 features. At the three-month follow-up, 77% of the Web 1.0 participants
were sufficiently active compared to 71.5% of the Web 2.0 participants. In the study
conducted by van Woudenberg et al., 2020, the waitlisted control group showed even
greater improvement in total PA than the group which was exposed to viogs [37]

Considering the evidence reported in the three systematic reviews included in this
scoping review, Petersen et al., 2019, showed in their systematic review that combined social
networking apps were less effective in increasing PA (n = 3) than conventional standalone
apps (1 = 7) [13]. In the review by Williams et al., 2014 [&0], only one of five studies found
that PA was positively affected by a social media-based intervention, whereas Maher et al.,
2014, found in their review that of four studies, three had a sufficient, two a moderate, and
one a high effect size [59].

Physical aspects of health, such asweight [23], BMI [47,67], body fat [46], waist circum-
ference, eating behavior [46,47], blood pressure [47], and triglycerides [47] were improved
effectively in favor of the intervention groups employing social media in four studies.
Another two studies reported improvements within groups from pre- to post-measurement
in waist circumference [17], as well as fruit and vegetable intake [53]. Chee et al,, 2014,
provided evidence that increasing PA was beneficial for improving components of the
metabolic syndrome (e.g., HDL cholesterol, blood pressure, triglycerides, waist circum-
ference, fasting glucose) [21]. Regarding psychosocial aspects of health, the results were
contradictory. Five studies found that enjoyment [38], group cohesion [24], motivation [45],
social norms [37], self-regulation, and social support from family members [25] were
positively affected in the groups that participated in a social media based- intervention
compared to controls. In contrast, two studies found that social support and self-efficacy
were lower among participants of the intervention groups and perceived barriers to higher
PA [31,66]. Schoenfelder et al., 2017, reported improvements in ADHD symptoms from
baseline to 4-week follow-up of a Fitbit intervention supported by a Facebook group [51].

Only one study found significant effects of an exercise program thatwas supplemented
by a social network on health-related quality of life [47]. A second study found that
individuals who were more physically active scored higher on the scale for health-related
quality of life [64]. Furthermore, Mam et al., 2020, provided evidence that a range of PMS5
symptoms (e.g., fatigue, anxiety) that contribute to all dimensions of health decreased in a
social media-based support group compared to a control group [30].

Summarized evidence on secondary health outcomes analyzed in the three included
systematic reviews was marginal. Whereas Williams et al., 2014, found that dietary fat
consumption decreased significantly in social media-supported study conditions [60],
Maher et al,, 2014, found an effect on weight change across three studies with a varying
effect size from negligible to large [59]. In the third review, only one included study
revealed improvements in the assessed psychosocial outcomes (e.g., seli-efficacy and
exercise motivation) over time [13].
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Two-third of the included studies and two of the systematic reviews reported results
pertaining to feasibility. Due to the great heterogeneity in the assessment of acceptability,
use, and usability across the different references, pooling of the data was difficult. Never-
theless, it was noticeable that across six studies the use of Facebook as a motivator for PA
was rated positively by study participants [25,28,31,49,50,53,62], whereas the usability of
three study-specific networks was rated poorly [15,27,52].

Descriptively reported results regarding the primary or secondary outcomes are
shown in Supplementary 3.

4. Discussion
4.1. Summary of Evidence

This scoping review identified 53 publications with findings from 43 studies and three
systematic reviews on the promotion of PA via social media-based interventions. Social
networking sites were used maost frequently for the promotion of PA. In the twenty-eight
studies and the three systematic reviews evaluating the role of pre-existing social net-
working sites, the use of Facebook was most prevalent. Secondly, the incorporation of a
developed standalone, health-focused online social network was very common. Four stud-
ies combined the use of a study-specific social networking site with Facebook. Regarding
the other types of social media, only pre-existing applications were utilized, in particular,
Twitter, Pokémon Go, and YouTube.

Most studies included in this scoping review were RCTs followed by pilot studies,
of which 34 were at least two-armed and compared their intervention content ranging
from simple recommendations for PA to fostering social interactions facilitating PA or
making PA enjoyable and measurable, to another condition or a waitlisted control group.
Comparator conditions usually consisted of identical intervention content without the
social media (social interaction) component. Additionally, three systematic reviews were
included in this scoping review. In sum, more than three quarter of the studies employed
study designs allowing for an estimation of intervention effects.

More than one third of the studies revealed positive effects on PA. Most frequently, PA
was improved due to a social media-based intervention when compared to an alternative
intervention in eleven cases, and five studies showed increases in PA in comparison to a
waitlisted control group. Evidence from the systematic review was, in part, inconclusive.
Here, only seven studies were identified in which PA was effectively increased through
social media, whereas seven studies found effects in favor of conventional apps.

Nearly two-thirds of the articles included covered other dimensions of health as sec-
ondary outcomes. These addressed, in addition to the physical dimension, psychosocial
and mental aspects of health. Here, social media-based interventions had the most positive
impact on physical parameters of health related to weight /body composition or cardiovas-
cular parameters, as they were predominantly captured. Psychosocial parameters of health
were less frequently measured, and results were contradictory. Only a handful of studies
could demonstrate that social media-based interventions had beneficial effects on PA by
fostering motivation, social support, and self-efficacy. A positive effect on psychological
and health-related quality of life, the most recorded mental health outcome, was evident in
only one study that incorporated social media.

A range of results concerning acceptability, use, and usability of social media-based
PA interventions were uncovered in this scoping review and it is impossible to draw
any generic conclusion regarding the feasibility of such interventions. The results should
be interpreted study by study and with caution taking their different ways of assessing
feasibility into account.

One of the main findings, of this work is that the most commonly incorporated
platform in PA interventions is Facebook. Given the rapid development of a variety of
social media platforms during the last decade, it can be argued that a broad spectrum of
innovative social media have not yet been incorporated and scientifically tested. Future
intervention studies should take advantage of this abundance of platforms and select
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them consciously, according to the requirements, needs, and preferences of the individual
target populations. This is supported by a scoping review of Lee and colleagues, 2019,
concluding that mobile apps that focus on health behavior change have to be appropriate
for their target sample [68]. In line with this argument, a specifically modified app and
social network for overweight hockey fans demonstrated a high retention and significant
improvements in PA when compared to a waitlisted control group [47].

Itis important to emphasize that there is no fundamental need for the development of
new platforms, but relying on pre-existing applications and using them purposefully will
be sufficient for future health behavior change interventions. Emerging evidence provides
some indication that social media can be effective for improving PA and other physical
parameters of health. However, there is limited research about the efficacy of social media
concerning other secondary health outcomes necessitating additional research.

Despite those positive findings, the utilization of social media in health care and
prevention should be very carefully considered and always critically questioned. Although
the availability of the internet has increased widely worldwide, mostly via technological
improvements (e.g., broadband quality) [10], social inequalities continue to exist. The
so-called digital divide has shifted from a lack of material resources over a shortcoming of
skills to use them to an absence of personal capacities transferring consumed information of
the World Wide Web into favorable behavior, better known as third-level digital divide [6Y].
Recent study findings from Finland suggest that especially disadvantaged populations
which should be the target of eHealth intervention approaches and services, such as
older people and those with a low socioeconomic status, poor health, or socially isolated
persons are at the highest risk for digital exclusion because [CT-based health care seems less
beneficial for them [70]. Furthermore, the use of social media can affect health negatively, as
was lately shown in a cross-sectional survey analysis by Henzel et al. 2021, [71], who found
out that addictive social media use is prevalent in the young generation and is related to
mental distress and other addictive behaviors such as gaming. Another harmful effect of
social media that has become a challenging public health issue is the occurrence of fake
news that causes fear, uncertainty, and social division, as seen in the current COVID-19
pandemic. Misleading information spread via social media has the potential to influence
health and wellbeing negatively at a global level [7Z].

4.2, Limitations

A key limitation of the scoping review is the heterogeneity of the included literature
concerning methodology and outcome measures used in the studies. This resulted in
difficulties in pooling quantitative data and evaluating them appropriately as envisaged
to understand the effects of social media-based interventions on PA and health, and, in
particular, interpreting their feasibility. Furthermore, it could be argued that restricting the
search to two literature databases is another limitation, because relevant studies may have
been missed. Because a scoping review does not assess the risk of bias, conclusions about
the quality of the included sources of evidence cannot be drawn, and the generalizability of
the described findings remains unclear. Another limitation is that the included studies were
conducted prior to the emergence of the COVID-19 pandemic. The role of social media for
PA promotion may have somewhat changed under pandemic conditions, possibly even
becoming increasingly important, as gyms and sports facilities were emporarily closed
during lockdowns. However, this aspect will have to be analyzed in future scoping reviews,
including studies conducted and published after the spring of 2020

5, Conclusions

To our knowledge, this is the first scoping review which provides a broad overview
of the incorporation of the latest social media technologies in research on PA promotion.
Taking into account key social media platforms from 2014-2020, this work is up-to-date
concerning recent Web 2.0 approaches to prevent and minimize the burden of physical
inactivity and NCDs, but continuous updates will be essential considering the fact that
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social media is a quickly evolving field. Future effort in this line of research is required to
attain an increased standardization of these indicators and measures and an overarching
public health framework that can be used to appraise the feasibility of future social media
interventions in health promotion and care.

Supplementary Materials: The search strategy, the data charting sheet, and information on the
study characteristics ane available online at https:/ /www.mdpi.com/ article/ 10,3390/ fjerph1824130
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Study characteristics.
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Abstract: Globally, four out of five adolescents do not meet the recommendations for physical activity
(PA). Moving large segments of young adults from inactivity to activity is essential to reach the global
target of a 15% mrelative ieducton in inactivity by 2030 worldwide. This study aimed to examine the
feasibility of a sodal network-based PA intervention (WALKZ2gether) in vocational school students.
Fourteen students from one vocational school in the city of Duesseldorf were instructed to walk ten
thousand steps per day over six weeks. Applied behavior change techniques were self-monitoring
of steps and social comparison via a pedometer app and a Facebook group. Indicators of feasibility
were documented. The intervention was minimally resource intensive, with a total of 92 h spent by
the research staff. The recruitment rake was 19.2% and loss-to-follow up 28.6%. Our data revealed no
significant change in the target behavior PA from baseline to follow-up. The target population did
not interact in the Facebook group, while a moderate use of the pedometer app was noted. Although
the results ought to be interpreted with caution due to the small sample size, the findings suggest
that the WALK2gether inkervention was partially feasible, but not appropriate for the target group.

Keywords: physical activity; social media; vocational students; pilot study; Facebook

1. Introduction
1.1. Background

It is well knowwn that regular physical activity (PA) during childhood and adolescence
is beneficial for cardiorespiratory fitness, weight status, muscular strength, and bone health
and that these preventive effects of regular PA are likely to accumulate until adulthood [1].
Unfortunately, four out of five adolescents aged 11-17 years did not meet the World Health
Organization (WHO) recommendation of at least 60 min of moderate to vigorous physical
activity (MVPA) per day and muscle strengthening exercises three days per week in 2016 [2].
Should public health strategies not be successful in moving large segments of adolescents
from inactivity to activity, it is unlikely that the global target of a 15% relative reduction in
inactivity by 2030 will still be met [3]. There are multiple settings for PA promotion that
young adults can be targeted in Germany, one of them is the school setting. In Germany;,
three units (one unit = a 45 min lesson) of physical education are mandatory [4], but recently
published survey data revealed that participation in physical education is the lowest among
adolescents aged 14-17 years, with an average of 2.03 units spent in physical education and
23% in extracurricular sports activities [5]. Social media is defined as “network community
communication channels” [6] (p. 38) and seems to be a promising tool for PA promotion in
adolescents [7]. From 2012 to 2018, the daily use of social media doubled among 13-17-year
old teenagers (from 34% to 70%) [8]. Characterized by participatory features, social media
is used for social interaction and processes of social influence may encourage behavioral
changes, as shown in a systematic review by Hosseinpour and Terlutter [9]. They found
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that competition and social sharing of PA performances with familiar users are the third
most effective techniques for promoting PA. Zhang et al. (2016) discovered that social
comparison in online social networks had an even more pronounced effect on PA-levels
than social support [10]. Although it is known that students at vocational schools are at
high risk for insufficient PA [11], they continue to be underrepresented in PA intervention
studies. Given the relevance of social media in this age group, a Web 2.0-based PA program
for PA promotion seems promising in this population. However, before conducting a
full-fledged resource-intensive controlled intervention study, it is advisable to examine the
feasibility of the intervention and the implementation processes involved [12].

According to the framework of Thabane et al. [12], the following characteristics of
feasibility ought to be covered in a feasibility study piloting an intervention:

o  Processes for successful implementation of the intervention, which are documented

and rated,

o  Resources necessary for the implementation of the intervention, which are tracked
and quantified,

e  Challenges during the development and implementation of the intervention, which
are noted,

e  Resources and challenges faced during data processing, which are recorded,
s  Use and acceptability of the employed intervention (in our case the Web 2.0 platforms),
as well as reasons for non-use, which are assessed.

1.2, Objectives

Hence, the overall aim of this pilot study was to examine the feasibility of a social
neftwork-based PA intervention that targets young adults in vocational schools based on
the indicators outlined in the framework by Thabane et al. [12] (see above). Secondly, the
magnitude of potential effects was determined, including an estimation of the possible
magnitude of intervention effects on the primary outcome PA and an estimation of the
possible magnitude of intervention effects on the secondary outcomes body mass index
(BMI), subjective health status, quality of life ((JOL), and exercise motives.

2. Materials and Methods
2.1. Participants and Setting

Participants were students of a vocational school in the city of Duesseldorf between 16
and 27 years old. They were eligible for study enrolment, if they met the following inclusion
criteria: (a) had an internet-enabled smartphone, (b) had an active Facebook account or
were willing to set up one for the intervention, (c) were willing to set up an account for
the pedometer app, Pacer, (d) had no medical conditions or absolute contraindications
prohibiting PA or exercise and (e) were German speaking.

In order to reach vocational school students, eight out of twelve vocational schools
in the city of Dusseldorf were selected and a community-based-sampling strategy was
applied. First, the school administration of each school was contacted via email to inform
them about the study and to initiate the cooperation. Teachers from schools that were
willing to participate offered access to pre-selected classes for the study staff to provide
information and for recruitment.

Interested participants were handed a written informed consent and asked to return it
to their vocational school teacher before baseline assessment. After screening these partic-
ipants for eligibility with a paper-pencil questionnaire that was completed immediately
before baseline measurement (T0), participants were formally enrolled in the study and
asked to set up their Facebook and Pacer accounts and join the private Facebook group
created by the study staff. Then, participants of each class were prompted to form equal
teams consisting of 3-8 individuals and to choose one team captain. This formation process
was intended to encourage students to walk in self-selected teams of close friends or class-
mates. Team captains had organizational tasks, e.g., to set up their group in the pedometer
app Pacer and invite their teammates. After the team building process was completed, the
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study staff offered time for questions and troubleshooting regarding the use of Facebook
and Pacer. Additionally, a tutorial on how to use the most relevant features in Pacer and
Facebook was provided in the joint Facebook group. Figure 1 illustrates the five different
stages of the community-based sampling of vocational school students.

Preselection o tactschool  Information Written .
of B vocational administration ions informed Screening
schools consent

Figure 1. Five stages of the community-based sampling,

2.2, Intervention

The intervention WALK2gether is adapted based on the Active Team intervention
by Maher et al. [13] and designed as a resource-friendly standalone digital intervention
aimed at increasing PA. Seli-monitoring and social comparison were the behavior change
techniques (BUCTs) that were used to motivate the students to walk 10,000 steps per day
over a period of 6 weeks [14]. In the design process, we deliberately chose to use an online
social network used by the general public and did not develop an app for the study because
we wanted to pilot the use of already existing platforms.

A private group administered by the study coordinator in Facebook helped organize
the study-related issues (e.g., termination of measurements, reminder to return accelerome-
ters) and communicate with participants. Over the six-week period, the study coordinator
provided information four times to reinforce the steps goal (e.g., a YouTube clip with tips
for daily walking routines, also see Table 1).

Table 1. Digital intervention materials,

What Content Intervention Week

Sereen recording on how to use
Facebook and Pacer

Poat faan sanking Screenshot of team keader board 3
of each group
“Quarks Daily” episode with
e . scientific background information
Spotify podcast about the PA recommendation of
10,000 steps
Video with tips on how to
YouTube clip implement steady walking 5
routines ineveryday life

Tutorials app usage 1

In addition, the pedometer app Pacer was utilized to assist participants in monitoring
their daily steps. Pacer has a built-in group feature fo reinforce sharing individual PA and
to foster social comparisons. Individually logged steps were automatically displayed at the
leader board and ranked from high to low. This kind of friendly rivalry between classmates
was intended to encourage participants in achieving 10,000 steps every day. WALK2gether
took place between November 2021 and January 2022,

2.3, Outcomes

The main outcome of this study was feasibility which was evaluated following the
framework of Thabane et al. [12]. Processes involved during the development and im-
plementation of the intervention and study, resources required, and the management of
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challenges were documented. (uantitatively assessed parameters were captured at the
baseline (T0) and at follow-up (T1) after completion of the six-week intervention to estimate
the magnitude of the potential intervention effects. Data on PA, health outcomes, and
participant feedback were collected in person by trained study staff at the Heinrich-Heine-
University Duesseldorf (see Table 2).

Table 2. Overview of feasibility outcomes and assessments,

Parameter Measurement Tool Measurement Time

Recruitment rate
Withdrawal
Drop outs/ completion rate

Implementation
Implementation
Implementation

Process Attendance on Facebook Documentation Implementation
Adequacy eligibility criteria Implementation
Adequacy assessments Implementation
Study staff Entire study
R Time expenditure D B Entire study
essourtes Material beumentation Entine study
Costs Entire study
Challenges Entire study
M ment . i Y
anagemen Solution strategies Documentation Enfire study
Objective PA Accelerometer, activity diary TO, T1
Subjective PA IPACHSF T0, T1
.. BMI Stadiometer + Scale O, T1
Freliminary effects Subjective health Questionnaire T0, T1
Quality of Life WHOQOL-BEEF TO, T1
Exercise motives EMI-2 T, T1
Usage and acceptability Questionnaire T1
Feedback Facebook and Pacer
Quality Pacer MARS-G T1

Habitual PA was tracked with an accelerometer (wGT3X-BT, ActiGraph, Pensacola, FL,
USA). Participants were instructed to wear the device on their non-dominant wrist during
the day for one week and acceleration was recorded along three axes with a sample rate of
30 Hz. Valid wear-times were filtered with the algorithm of Choi et al. [15] and comprised
at least four days with a minimum of ten hours (600 min) wear-time. By using the cut-off
points for MVPA, according to Freedson et al. [16], the data were analyzed within a 10-s
epoch, using the ActiLife 6.13.4 software. Participants were asked to simultaneously keep
an activity diary to account for non-wear time. In addition, the German version of the
IPAQHSF was used to subjectively assess PA [17]. MVPA, walking, and sedentary time were
calculated, using the cut-off points recommended by the [PAQ Research Committee [15].
The IPAQ has a good test-retest reliability (r = 0.80) [19], but a low criterion validity
(r=0.30) [19]. Weight (kg) and height (cm) were assessed by the study staff at the baseline
and follow-up to calculate the BMI (kg/m?), using a scale (Seca 899) and a stadiometer
(Seca213). Participants had to rate their subjective general health on a scale ranging from
one (very bad) to five (very good) [20]. The WHOQOL-BREF is a 26-item questionnaire
that was used to investigate QOL, in general, and the four dimensions physiological health,
psychological health, social relationships, and environment [21,22]. The degree of internal
consistency for the subscales has been previously shown to vary between o = 0.57 and
o = 0.88 [23]. Fourteen motives for exercise participation were assessed with the German
version of the Exercise Motivations Inventory (EMI-2) [24].

Structured feedback regarding the Web 2.0 platforms was gathered via a self-generated
questionnaire. Additionally, a German version of the MARS scale (MARS-G) was employed
to examine the quality of Pacer regarding objective dimensions, such as engagement,
functionality, esthetics and information quality, as well as subjective app quality and
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perceived impact. The MARS-G has good internal consistency for all subscales (w = 0.82,
95% C1 0.76-0.86) and good validity in all dimensions compared to the original version
(r=10.93 to 0.98) [25].

All questionnaires were converted to online surveys, using the program Lime Survey
5.2.8+220103, and could be accessed via a URL at both assessment points on two iPads.

2.4, Statistical Methods

As there is no need for a formal sample size calculation in a pilot study for a phase I1I
trial according to Thabane et al. [12], sample size was not calculated. Sociodemographic
sample characteristics were analyzed descriptively. The magnitude of the potential treat-
ment effects was estimated with a t-test (IBM 5P55 25), performing intra-group comparisons
regarding PA and secondary health outcomes. Results are shown as means + standard
deviations or percentages. Potential effects are displayed in standardized mean differences,
including confidence intervals.

2.5. Feasibility Criteria

The study is considered feasible if at least 20 participants are deemed eligible for
inclusion and decide to participate. Furthermore, a loss to follow-up rate of 10% was
considered as likely. Assessments were not supposed to take more than 70 min per person
at TO and 85 min at T1. We expected many questions during the screening for medical
contraindications for PA and missing data for questions about social status. The total
time expense for the study ought to be manageable by one full-time employee. As the
intervention was digital, and therefore time- and location-independent, we expected an
attendance rate of 100% regarding the Facebook viewings. Furthermore, we considered the
intervention as feasible if the estimation of potential intervention effects revealed a trend
towards an improvement in all outcome parameters (i.e., PA, BMI, subjective health status,
QOL and exercise motives) or at least maintenance at a high level. We assumed that Pacer
would, on average, be used daily and Facebook to a lesser extent.

2.6. Ethical Aspects

This study was approved by the Ethics Committee of the Medical Faculty of the
Heinrich-Heine-University Duesseldorf, Germany, on 4 June 2020 (Study-No.: 2020-860)
and was conducted in accordance with the ethical principles of the World Medical As-
sociation’s Declaration of Helsinki [26]. Participants 18 years or older gave their own
consent and for participants under the age of 18 years, at least one of their parents provided
informed written consent.

3. Results
3.1. Recruitment

The first attempt to initiate a cooperation with eight vocational schools in Duesseldorf
took place in June 2020. Due to the start of the COVID-19 pandemic, which led to recurring
school closures, no school was at first willing to participate in the study. A second attempt
was made in April 2021, still under COVID-19 restrictions, which finally resulted in a
cooperation with one of the eight local vocational schools. In order to achieve certain
representativeness, students of two different educational tracks at this school were invited
to participate in the study. While two classes were pursuing an educational track focused
on economics in the 11th and 12th grade, a third class was enrolled in an educational track
that focused on health and social affairs in the 11th grade. All three classes were striving
for an entrance qualification for enrolment at universities of applied sciences.

Recruitment took place at the end of October until the beginning of November 2021,
baseline assessments were carried out subsequently, and follow-up assessment started
mid-January 2022, immediately after the completion of the six-week intervention. Detailed
information on recruitment rates and participant flow throughout the study is provided in
Figure 2.
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Students invited (n="73) - 11" class HS (n=24)
- 11* dassE {n=27)

n
v

Indtially interested (n=35)
11# class HS (n=12)

- Withdrawal (n=21)
No retum of informed written consent

118 dass Efm=")

12t class E (n = 16)
¥

Examined for eligibility (n=14)
11 class HS (m=&)

126 dass E(m=8)
¥

Included at baseline (=14}

¥

Completed intervention as

planned
n=14) —

e
L

- Incomplete assessments (n=4)

Analysed: n=10

HS5 = Health and sodal affairs; E = economics
Figure 2 Recruitment rate and participant flow.

3.2, Participants

Fourteen vocational school students from two classes participated in the study, seven
were female and eleven had a migration background. All participants had an intermediate
graduation and rated their subjective social status (555) as moderate (5-6) on the MacArthur
scale for adolescents (range including minimum of one and maximum of ten [27]) (see
Table 3).

Table 3. Sociode mographic characteristics of the sample at baseline.

Total (n =14) Male (n=7) Female (n=7)
Age, years 174+ 1.2 18+ 15 171+07
Body mass index, kg/m?® I35+ 48 213+ 54 54+ 23
Subjective social status 57 £ 17 53+£24 6+ 08
Migration background 78.6 8.6 50
Graduation (O-levels) 100 50 50
MVPA/day < 60 min 714 1.4 50

[ata are shown as mean + standard deviation or percentage, MVPA = moderate to vigorous physical activity
derived from [PAQ-SE

3.3. Fensibility

In total, 35 (48.0%) of the invited vocational school students were interested in partici-
pating in the study and 21 (28.8%) withdrew from participation by not returning completed
consent forms to their teachers. Of the 14 (19.2%9%) vocational school students who were
willing to participate, all met the eligibility criteria. Due to illness, four of them dropped out
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at the follow-up assessments. Facebook posts were, on average, watched by six participants,
with no likes and just one comment was provided. During T0 and T1, no questions from
the participants regarding the assessments were raised. However, during data analysis, fre-
quently missing responses were found in the screening questionnaire with regard to items
on household income. Nine participants did not give an estimate and seven participants
did not assign household income to any given category.

Cwerall, study staff invested 92 h in the WALK2gether study and EUR 1535 costs
emerged for the required measurement equipment (two iPads, two stadiometers, and two
scales). Participants, on average, needed 34 min to carry out the baseline assessments and
28 min for the follow-up assessments, plus another 10 min per participant for the set-up of
Pacer and to enter the Facebook group. The reception of all intervention materials provided
by study staff took approximately 22 min per participant (see Table 4).

Table 4. Expended time and staff resources,

What Time (h} Study Staff (n)
Recruitment 14.5 1-2
Assessments Organi;aﬁ@ B 3
Implementation 15 2-3
Design 14 1-2

Intervention Implementation 1 1

Data management 15 1

Most challenges were faced during recruitment and assessment. Due to the ongoing
COVID-19 pandemic, we had to adjust to the constantly changing hygiene rules, recurring
school closures, cancellations of lessons and illness (i.e.,, COVID-19 infections of students
and/ or teachers). This resulted in a shortened intervention period from eight to six weeks,
as well as limited access to the target group via community-based sampling. In total, only
three classes from one school could be recruited to the study. Furthermore, the assessments
had to be relocated from the study site to vocational schools, so that two or more researchers
could assess all participants of one class simultaneously during class or free time between
classes in the gym or a recreation room. Due to the scarcity of time, paper-and pencil
versions of the questionnaires were used instead of the online surveys.

Furthermore, participants were neither familiar with Facebook nor with Pacer and
during the installation and we found that, depending on the latest software update, versions
and functionalities of the two platforms differed. We, therefore, provided two tutorials
that demonstrated the use of the most important app functions. Pacer seemed to have a
technical bug with several participants reporting their steps not being transferred, resulting
in zero steps being displayed in the individual and team statistics.

Owerall, communication with participants during the intervention period via Facebook
was difficult and teachers, therefore, often served as mediators. Vocational school students
seemed to be less compliant when they were approached outside the school setting as
reflected in the low response, as well as long return periods or non-use of study materials
(e.g., accelerometers).

3.4, Estimation of Potential Effects

The results regarding PA at T0 and T1 were only reported for subjective PA (based on
the questionnaire data derived from the IPAQ-5F), because analysis of the accelerometer
data revealed that five participants wore the accelerometer at T and T1, but none of
them reached the minimum of four valid wear time days. These results are discrepant
with the PA diaries, which were completed by eight participants, indicating that at least
four participants should have had valid accelerometer data for a minimum of four days.
Subjectively rated PA (MVPA and walking time)} and time spent in the sedentary state
slightly increased from TO to T1. BMI and subjective health status (predominantly rated as
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“good”) remained constant over the intervention period. Regarding QOL, different trends
were observed for the different domains. In the physical health domain, QOL decreased
from baseline to follow-up, whereas in the other domains, QOL increased and was most
pronounced for the domain environment. Challenge, enjoyment and ill-health-avoidance
were predominantly listed as exercise motives at T1 and all other motives were mentioned
less or almost equally often after the six weeks of intervention. None of these results
reached statistical significance (see Table 5).

Table 5. Esimation of treatment effects.

TO T1 SMD¥ (95%CT) r
Subjective PA
MVPA (min/ day) 421+ 556 597 £+ 529 -176(-67.1,31.8) 0440
M:‘J:?J:i‘;“g 1126 + 1134 1251+ 926 ']2'375_;]1214' 0.803
“‘;;?ﬁ;}aﬁm‘? 360 + 49 3514 + 944 - ‘i _{__;]“?'2' 0604
Subjective health 21+09 22411 01({-0507) 0726
BMI 35+ 48 235+ 45 0{—04 05 0887
QOL (4-20)
General 144 +31 144 +3 0({-1818) 1o
]Jh_','.liica.l health 157 +28 153 +22 04(-1522) 0.663
P’*J‘":rg‘:l&gi‘a] 137 +£37 4+35 —0.2{-3,25) 0.845
Social relations 147122 1494+ 29 —0.3{-2823) 0814
Environment 147+ 35 1504+ 28 —-12(-4521) (i b
Exercise motives
{05}
Affiliation 22+09 lox15 0.3(-1,18) 0.582
Appearance 36+1 33+1 0.3 (04 09) 0401
Challenge 33+11 37+11 —0.4(-14, 08) 0.395
Competition 22+15 22415 —-01(-1514) 0.940
Enjoyment 3413 34408 —0.4({-14 08) 0404
:1]';‘2‘:'[:; 35+12 42+05 —0.7 (—-17,0.2) 0.109
Nimbleness 33+11 34108 —0.1{—09,0.7) OTEF
Positive health 43408 42405 0.1 (—0.6, 0.8) 0714
Revitalization 36+11 3B 08 —-0.2(-1, 0.6) 060
Social pressune 07 +£10 0508 0.1 (—0.6, 0.9) 070
Social recognition 14+12 14410 —-01({-1, 0.8) 0.856
Strength and 39+15 36+1 03(-1,18) 0.608
endurance
Stress nanagement 27412 2E+13 —0.1 {07, 0.6) .86
na.:igis‘;:;‘nt 22+17 2417 -0.2¢{-13,1) 07X

Data are based on n = 10 and are shown as mean + standard deviation or percentage, SMD = standardized mean
differences, Cl = confidence intervals, PA = physical activity, MVPA = moderate to vigorous physical activity,
EMI = body mass index, QOL = quality of life. * Data based onn =7, n= 3 answered “I do not know”™.

3.5. Participants’ Feedback

Four participants reported that they used Pacer at least several times per week and
some of them even daily (n = 4), mostly to monitor their individual step statistics (n = 8)
and also to view the team ranking (n = 4). Six students stated that they would continue to
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use Pacer after the completion of the study. The overall quality of Pacer was rated as fair
(3.3 £ 0.5). Its functionality was rated best (3.6 £ 0.7), followed by esthetics (3.2 £ 0.7). Low-
est ratings were noted for the subscale information (3.1 &+ 0.6) and engagement (3.1 £ 0.6).
Subjective app quality was evaluated as moderate (2.8 & 0.6).

Feedback pertaining to the utilization of Facebook was rather critical. Half of the
respondents stated that they used Facebook less than once per week and three said they
never used it. Reasons were lack of time and meaning (n = 2) and forgetting about it
(n=1). Only three participants reported that they used the private Facebook group for
organizational matters. Furthermore, use of Facebook was declined by eight participants
and seven participants stated that they would have liked to use another social media
channel, with Instagram being the most popular choice (n = 5), followed by WhatsApp
(n=3).

4, Discussion

In the present study, we found that a social network-based PA intervention that
targeted young vocational school students was partially feasible. We were not able to
recruit the intended sample of 20 vocational school students and our loss to follow-up was
nearly three times higher as expected. Both can certainly be explained by the fact that the
study was carried out during the fourth wave of the COVID-19 pandemic in Germany:
At that time, in-person contacts were restricted to a minimum; therefore, visits of the
vocational schools for recruitment and assessment were severely restricted. Additionally,
the incidence rates had reached a peak and schools, in particular, were affected by the illness
of students, resulting in their absence at the follow-up assessment. The study turned out to
be as resource friendly as intended. Both the amount of work, as well as the study material
and associated costs, were manageable. Most assessments seemed to be appropriate for the
target population. They took, on average, less than half of the scheduled time and, apart
from the incomplete questionnaire data regarding household income, no questionnaire
data were missing. However, irrespective of the pandemic, WALK2gether did not have
the desired effect, because neither an improvement in PA nor a positive change in the
other health outcomes from TO to T1 could be observed. Nevertheless, subjective health
status, BMI, and general Q0L were maintained at relatively high initial levels. Participants’
feedback revealed a poor acceptance of Facebook, while Pacer was moderately used by the
target group.

The aim of WALK2gether was to promote PA in a sample of vocational school students
with an intervention strategy that was minimally supportive and related to Web 2.0 use
behavior of adolescents. However, our results suggest that this was not appropriate for
the target population. Students of both classes showed limited engagement with the
intervention and study, whenever they were not supervised by either their teacher or
study staff. This became evident by the high non-use rates of the study materials, such as
accelerometers, activity diaries, and Facebook and led to the assumption that the target
group needs a very structured regimen in a supportive environment to adopt behavioral
changes in PA. A pilot study from Finland indicated higher engagement and acceptability
of an environmental approach to promote PA in the school setting, but, similar to our
results, reported that their optional website was barely used by the target group [28]
However, this is contrasted by the findings of Kuipers and colleagues [29], who reported
that autonomous motivation is associated with increased MVPA in vocational school
students and sustainability in behavior changes. They call for interventions that foster
competence paired with autonomy, conducive to self-beliefs in individual success and
confirm that peer relations are supportive for autonomous motivation.

The selection of adequate social media platforms for the target population is con-
troversial. In a focus group study, vocational school students rated Facebook and text
messaging as feasible methods for PA interventions [30]. These findings can neither be
confirmed by our results, nor by the study of Saez et al. [31], who found that a Facebook
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challenge group was barely used by overweight, socially disadvantaged adolescents in a
nutritional program.

The harmful consequences of social media use should always be carefully weighed
against the benefits. Social media can cause stress, anxiety and depressive symptoms
among adolescents due to envy and comparison and these effects are more pronounced in
a mentally challenging crisis, such as the COVID-19 pandemic [32].

One limitation of this pilot study is the very small sample size that does not allow
for preliminary estimations of the intervention effects and restricts the generalizability of
the described findings. Another key limitation is the selection bias. Due to the COVID-19
pandemic, recruitment was performed at only one school and in three pre-selected classes.
Furthermore, migration background and prevailing cultural and social norms regarding
PA, which may influence the behavior, were not assessed in this small pilot study, but will
be assessed in the full trial that will be conducted in the future [33]. One strength was the
use of the framework of Thabane et al. [12] and the feasibility criteria specified a-priori.

5. Conclusions

Despite several limitations, this small pilot study provided important information
regarding the needs and behavior of the target group of vocational school students and
implementation processes involved when delivering a social media-based intervention
The results will inform the development and implementation of future social media-based
PA interventions on a larger scale. Based on our results, we conclude that an optimization
of WALK2gether is necessary and the following key points should be considered during
the adaptation process:

o  Creating a supportive environment, including integration of the program in the daily
setting of the target group, e.g., school increasing autonomous motivation via peer
relations and social support.

*  Providing a social media add-on, including incorporation of an existing social media
platform that is frequently and easily used by the target population during their
leisure time.

*  Addition of BCTs, including complementing the intervention with other effective
BCTs, such as feedback and goal setting.
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4 Discussion

The use of new technologies has the potential to promote healthy lifestyles in a scalable, cost-
efficient, user-oriented and targeted manner. However, so far, digitalization has contributed to
the widening of existing health inequalities leading to the so-called digital divide for the areas
of health and PA promotion. A limited amount of research previously addressed populations
that are socially disadvantaged. The three original articles included in this dissertation contrib-
ute to closing this research gap by investigating the feasibility and effectiveness of eHealth
interventions for PA promotion sensitive to the needs of these populations. The following chap-
ter will answer the three underlying research questions based on the results from each asso-
ciated exploratory research presented in section 3 and discuss the findings in the context of
the existing literature. Then strengths and limitations pertaining to various aspects of the study

and intervention design are discussed and, lastly, implications for future research are provided.

4.1 Summary of main findings

4.1.1 Pilot study |

The first pilot study intended to evaluate the feasibility of a complex intervention combining
smartphone app-supported training of physical and cognitive functions, and activities embed-
ded in the neighborhood of older individuals. The recruitment was sufficient and resulted in an
n=39 (initially intended n=40) community-dwelling adults aged 73.1+6.8. years. Their high ini-
tial levels of PA, physical and cognitive fitness at baseline were maintained after the interven-
tion period. The only significant improvements recorded from baseline to follow-up, were in
balance and in the cognitive parameters inhibition, executive functioning, word fluency, and
short-term memory. This is a common phenomenon in PA studies, as they intend to include
inactive individuals, but often spark the interest of those who are already sufficiently active (El-
Kotob & Giangregorio, 2018).

Nonetheless, the Quartier Agil intervention appeared to be generally safe and feasible for older
adults. The average attendance rate was high with 76 + 15% of sessions attended and, in total,
only six dropouts appeared over the intervention period of one year. Most participants were

satisfied with the program and more than two-third reported increased social participation

67



through the program. The question remains open which component of the intervention
strengthened social participation, because ultimately Quartier Agil was a hybrid intervention.
Traditional group PA programs foster social participation by meeting three psychosocial needs
of older individuals: social interaction, sense of belonging, and regular engagement (Zimmer
et al., 2021). Some previous research suggests that the social component even facilitates the
uptake of group PA trainings among elderly (Devereux-Fitzgerald et al., 2016; Stodle et al.,
2019) and may reduce feelings of loneliness, operationalized by feeling subjectively younger
(Lippke et al.,2022). A pilot study found that the social presence of avatars in a virtual gym
significantly increased engagement in exercise sessions (Far et al., 2015) in older individuals.
Based on the current evidence, it seems that older individuals per se prefer being physically

active with others, either virtually or in person.

The development and implementation of the intervention resulted in an average time expendi-
ture of nine person-hours per week from the tutors. They considered this to be feasible, but
noted that the group size was at its maximum with twenty people participating, and that, due
to the heterogeneity of the group, it was difficult to provide safety and tailored supervision.
The use of the study-specific smartphone app turned out to be not feasible. The app had tech-
nical bugs and could not be developed as planned due to time constraints, resulting in widely
varying satisfaction and usage among participants. In addition, familiarization of the partici-
pants with the app was very time-consuming for the tutors. Soon, the use of the study-specific
app was trimmed down to the most relevant features and replaced with intuitive, conventional
applications, such as WhatsApp. This was welcomed by the study participants and, lastly, led
to an enjoyable use of the smartphone.

The implementation of a standalone study-specific smartphone app seems to be somewhat
outdated, considering that the use of online social networks with a multi-layered architecture
to promote different lifestyle factors, such as sleep and PA in elderly, continues to evolve (Choi
& Lee, 2021). The abundance of social media platforms e.g., messenger (e.g. Snapchat,
WhatsApp), live streams (e.g., Twitch) audio platforms (e.g., Clubhouse, Spotify), blogs (e.qg.,

Tumblr, Twitter), social networking sites (e.g., Facebook), and media sharing networks (e.g.,
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Instagram, Tik Tok) rather complicates the purposeful selection than warranting the need for

developing new platforms.

The time required for the assessment (i.e., two hours per person) was perceived as extensive
by the participants and a large number of incomplete data sets at follow-up were documented
(n=13). Mainly, clinical and functional data (e.g. strength, aerobic capacity or concentration)
were collected which might not have reflected the scope of the intervention (dual-task training,

neighborhood connectedness) nor social participation in all its dimensions adequately.

In sum, a smartphone app-supported, combined PA and cognitive program in the neighbor-
hood seems feasible and appropriate for older individuals. However, the selection of the Web
2.0 platform and the selection of outcome parameters sensitive to the objectives and study
sample should be carefully considered in the future. In addition, generous time should be allo-

cated for technological support of the target group.

4.1.2 Scoping Review

The scoping review aimed to comprehensively map the nature of social media used in PA
interventions and the range of evidence of effects on PA behavior and secondary health out-
comes. Among 53 identified publications referring to 43 trials, social networking sites were
most often used to promote PA. The incorporation of Facebook was prevailing followed by
study-specific, standalone online social networks. In the studies summarized, online social
networks were primarily used as a source to provide information on PA and secondarily for
social sharing to reinforce social interaction. Both is in line with the findings from a recent
review on individuals with chronic conditions (McKeon et al., 2022) and can be explained by
the fact that Facebook with currently 2,91 billion active users worldwide (Statista Research

Department, 2022) among diverse populations reaches most people.

We found that the use of social networking sites positively influenced PA behavior, compared
to either control conditions or from pre to post-testing. This is not surprising, because, beyond
the access to information and services, individuals need the support of key stakeholders in
their living environment, such as family and friends for health behavior change (Putland et al.,
2013). As technology has advanced, interpersonal interactions more often take place online,
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making social networking sites with their interactive system-architecture the platform for social
support and, thus, for behavior change interventions in the narrower sense (Moorhead et al.,
2013; Vitak & Ellison, 2013).

Secondary health outcomes that were predominantly examined in the included literature were
related to other physical dimensions of health. Improvements in weight, body mass index
(BMI), body fat, waist circumference, blood pressure, eating behavior and indicators of the
metabolic syndrome were found as a result of participation in social media-based interventions.
A frequently studied target outcome in eHealth literature next to PA is dietary behavior. This
outcome is studied for good reason, because poor dietary habits, such as high sodium intake
and low fruit or vegetable consumption, are the second largest risk factor for NCDs and ac-
count for 22% of all adult deaths (GBD 2017 Diet Collaborators, 2019). This might explain why
their physical indicators, such as weight, blood, and body composition, are well addressed in
Web 2.0 interventions. Moreover, they appear to be modifiable, which is consistent with the
findings in this scoping review. Other reviews confirmed that Web 2.0 interventions positively
influence nutrition-related outcomes in adolescents and adults (Goodyear et al., 2021; Rose
et al., 2017). Conversely, more recent evidence on individuals already suffering from NCDs
suggests that only their exercise behavior could be improved through the use of social media,
but not their dietary habits (McKeon et al., 2022). Psychosocial and mental health parameters
(e.g., group cohesion, enjoyment, and QoL) were barely addressed in the included studies
and, therefore, the impact of social media-based interventions remains unclear.

In contrast, feasibility was assessed in more than two-thirds of the literature, but due to a great
heterogeneity in the assessment of the construct feasibility, pooling of data was difficult. Fa-
cebook was generally rated as motivational for enhancing PA and evidence from another sys-
tematic review emerged that its use also led to sustained intervention engagement (Petersen
etal., 2019). Because the value of a feasibility assessment before a costly efficacy assessment
has been increasingly emphasized, the number of conducted studies rose. However, there are
differing guidelines (Eldridge et al., 2016; Pearson et al., 2020) and no consensus on how

these studies should be named, what their objectives and content should be, and how they
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should be reported (Moore et al., 2018). This ultimately results in a diversity of findings per-

taining to feasibility in the scoping review and elsewhere.

To conclude, the use of social media interventions has been shown to positively impact PA
behavior and other physical health outcomes in studies which recorded them in a standardized

manner.

4.1.3 Pilot study I

Pilot study Il attempted to adapt the original Active Team intervention for adolescents enrolled
in a vocational school in the city of Duesseldorf and to evaluate the program’s feasibility, as
well as to determine the magnitude of potential intervention effects on PA behavior and sec-
ondary health outcomes. At the process level, the WALK2gether study was shown not to be
feasible. First, only n=14 participants could be recruited instead of the targeted twenty, and the
loss-to-follow-up was three times as high, resulting in only ten processed data sets. The as-
sessments seemed partly feasible qua time spent and completeness, but the main outcome
PA behavior could not be evaluated based on objective data, as the sample did not wear the
accelerometers sufficiently. This is in line with an observational study in Irish children from
socially disadvantaged areas, in which only 52% of 408 participants had valid accelerometer
wear times for inclusion, which was explained by the rigorous algorithm cut-offs (Belton et al.,
2019). Additionally, participant compliance may play an essential role as shown in a trial, where
early morning reminders sent via SMS improved wear time and device removal after school
was associated with longer non-wear periods among second-level school students (Belton et
al., 2013).

During the intervention period, the interaction with Facebook was low as posts were not even
viewed by half of the study participants, on average, and participants were rather critical of its
use, while Pacer was moderately used and rated, but had technical bugs. Contrary to these
results, vocational school students rated text messaging and Facebook as appropriate tools
for PA promotion in a focus group study (Van Dyck et al., 2019) and the pedometer app Pacer
had the best app store user ratings compared to five other conventional PA apps outlined in a

previous content analysis (Kebede et al., 2018).
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The study proved to be resource friendly, considering the time invested by the study staff with
a total of 92 hours and the costs of 1,535 € for initial acquisition of measuring devices (two

iPads, two stadiometers, two scales).

This minimally supportive intervention strategy could have been one of the reasons why the
WALKZ2gether study did neither achieve an improvement in PA behavior in a predominantly
inactive sample at baseline nor was associated with changes in BMI, subjective health status,
QoL, and exercise motives after the six-week intervention period. We conclude from the limited
participation of the sample in the intervention and high non-usage of study materials that the
target population seemed less compliant whenever the teacher or study staff did not supervise
them. They presumably need a more structured regimen to adopt behavioral changes in PA,
but evidence from other studies in this respect is inconsistent, too. An approach at the individ-
ual and environmental levels targeting vocational school students and their teachers indicated
high engagement and acceptability in the intervention condition (Hankonen et al., 2017),
whereas an internet-based intervention providing skills for teachers to improve PA among their
secondary school students during physical education led to only modest increases in MVPA,
exclusively during lessons (Lonsdale et al., 2019). Kuipers and colleagues (2021) reported that
autonomous motivation, i.e. doing something for the individual's sake is associated with in-
creases of MVPA among students from vocational schools and the best driver for sustainability
in behavior change. In the PLAN-A intervention improvements in PA among teenaged girls

were attributed to the peer-led training by classmates in school (Sebire et al., 2019).

Further, the WALK2gether intervention was not appropriate for promoting PA behavior and
other health outcomes in our sample of vocational school students. Nevertheless, these find-
ings attribute to the development and implementation of future social media-based PA pro-

grams for young adolescents enrolled in vocational schools.

4.2 Strengths and limitations

4.2.1 Use of exploratory study designs
The three studies conducted in the context of this dissertation were all exploratory in nature.

Such exploratory approaches are a necessary pre-requisite for informing future research as
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they investigate emerging, yet heterogeneous research areas and identify key mechanisms,
uncertainties, and gaps (Peters et al., 2015; Skivington et al., 2021; Thabane et al., 2016).
Another strength is that the three published articles fit within the updated MRC guideline frame-
work and encompass two of the four phases of complex intervention research, i.e., intervention
identification/development and feasibility testing (see figure 5). In doing so, all of the afore-
mentioned core elements were considered except for two: pilot study | failed to document the
total costs and to weigh them against the benefits and, in pilot study I, the time was too scarce

to refine the intervention.

These exploratory designs also have their disadvantages. One major limitation is their re-
stricted quality of evidence, consequently not allowing for any generalizability of the findings
described above.

Both, pilot study | and pilot study Il, were not conceptualized to have high internal and external
validity, resulting in a small, selective sample and a non-controlled study design. Although the
sample size in pilot study | allowed for intragroup comparisons using inferential statistics, pos-
itive treatment effects, especially on physical outcomes, were absent due to a selection bias
of an initially active sample. This occurred through partial recruitment by word-of-mouth rec-
ommendations, which attracted a majority of members from the local sports club in which the
weekly training sessions were held. The very small sample in pilot study Il does neither allow
for preliminary estimates of intervention effects nor for general conclusions based on the de-
scriptive results. Unfortunately, it was a consequence of the study being implemented under
COVID-19 conditions that also led to a selection bias. Recruitment could only be carried out in
three pre-selected classes at one vocational school with students who already possessed an
intermediate educational qualification and were striving to qualify for a university of applied
science. Thus, we recruited a middle class sample rather than young vocational school stu-
dents with a low SES as originally intended. This was reflected in the moderate values for
subjective social status reported by participating students. Therefore, included participants

were not representative of the actual target group in both pilot studies.
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The scoping review provides an accumulation of knowledge without considering and critical
appraising the quality of the included sources. Finally, it is not possible to determine whether
the positive results on PA behavior and physical health outcomes are universal and accurate,
as risk of bias assessments and summary measures are not by nature applicable in a scoping
review (Tricco et al., 2018). This is accompanied by the methodological weakness that the

search was restricted to two literature databases, possibly overlooking relevant studies.

4.2.2 Methodological approaches

A methodological strength in all three studies is the systematic acquisition of information and
the reporting, based on existing frameworks. In pilot study | and Il, the framework of Thabane
and colleagues (2010) was applied to schematically capture feasibility and evaluate it based
on a-priori specified criteria. In pilot study |, we followed the TIDieR checklist for reporting
(Hoffmann et al., 2014). In the scoping review, we closely adhered to the PRISMA guidelines
for scoping reviews (Tricco et al., 2018) while conducting the study and during the reporting of
study findings. This systematic approach is needed because it leads to a better replicability of

studies (Hoffmann et al., 2014).

Methodological limitations arose from the broad inclusion criteria. While, on the one the hand,
wide eligibility criteria were an advantage of the scoping review, because they provided a vast
amount of literature, neither the search nor the charting of evidence were specified regarding
socially disadvantaged populations. In both pilot studies, the broad inclusion criteria and the
lack of screening of the corresponding baseline characteristics (PA level and SES) might have

contributed to the selection biases.

Additionally, the assessments utilized in both pilot studies have to be critically scrutinized. Even
though the Berg Balance Scale (BBS) is a reliable tool for assessing a low fall risk in commu-
nity-dwelling adults (Park, 2018), a well-known ceiling effect appeared in pilot study I. Similarly,
the six-minute walk test revealed good psychometric properties when addressing lower-func-
tioning older individuals (Du et al., 2009; Southard et al., 2005). Further, accelerometry is a
widely used and reliable method to assess habitual PA in research under free-living conditions

(Ekelund et al., 2011) and was supplemented by an activity diary to monitor non-wear times.
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In the WALKZ2gether study, these measurement tools, however, did not provide useful data
sets, because vocational school students did not wear them as instructed. Thus, this meas-
urement approach does not seem to be appropriate to objectively capture the main outcome

PA behavior in this population.

4.2.3 Design of the two eHealth interventions

An absolute strength of both interventions was that they were resource efficient as intended
qua time. However, the selection of new technologies should be reconsidered because one
major limitation of both interventions was that the samples did not sufficiently interact with the
selected platforms for various reasons. In pilot study I, recurring technical issues and limited
functions of the smartphone app resulted in refusal to interact with the app. In pilot study I, all
participants installed Facebook for the first time meaning that they were not familiar with this
online social network. They mentioned that they would have preferred another platform, such

as WhatsApp or Instagram.

Furthermore, the underlying program theory in the WALK2gether intervention to motivate stu-
dents to walk 10,000 steps per day, i.e., reinforcing social comparison with the pedometer app
Pacer, has to be questioned. Behavior and social science theories emphasize the role of social
support, but not competition to be associated with healthy behavior, such as PA (U.S. Depart-
ment of Health and Human Services, 1996). Social support can either be instrumental, infor-
mational, emotional or appraising (Israel & Schurmann, 1990). In the Quartier Agil intervention,
the number of six overlapping intervention components, supposed to gain substantial interest
among participants giving them the opportunity to choose a variety of options, made it difficult

to detect the mechanism of change and underlying mediators.

4.3 Implications for future research

The three original articles in the dissertation provide a comprehensive overview of the effects
of new technologies in PA interventions, taking a closer look at the feasibility of two different
eHealth approaches in two socially disadvantaged populations. Thus, this dissertation can
serve as a basis for researchers to further develop and implement eHealth interventions pro-

moting an active lifestyle in these populations. Subsequent studies could be developed based
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on the three studies included in the dissertation. They first should strive to update the current
evidence and complete feasibility testing. Secondly the quality of evidence has to be improved
with more robust study designs as outlined in figure 6.

Figure 6

Implications for continuation based on the framework for developing
and evaluating complex interventions

Update qua evolving
new social media

Reinvestigate feasbty+>
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Some methodological considerations must be taken into account to avoid the previous pitfalls.
In order to avoid the recurrence of a selection bias in future studies, the recruitment strategy
should be modified. Community-based sampling is known to be beneficial in order to reach
socially disadvantaged individuals (Bonevski et al., 2014), but should ideally be done in coop-
eration with higher-level institutions (e.g. the department for school or health affairs) to reach
several facilities at the organizational level. Another option is to combine sampling strategies,
as was done in the previous Active Team study (Maher et al., 2015). Maher and colleagues
complemented a media campaign with respondent driven sampling, guiding initially interested

participants to invite their eligible Facebook friends and reached the required sample size.

Measurement tools should be reconsidered and carefully chosen specific to the target group
and sensitive to changes in the outcome parameters. For example, regarding social participa-
tion, surveys that assess instrumental activities of daily life (IADLs) measure dual-tasking abil-
ities required for complex actions, such as public transportation or grocery shopping, and ap-

pear to be better indicators of participation than measures of physical functions, such as
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strength or aerobic capacity (Camino & Mioshi, 2017; Tomioka et al., 2017). Some other in-
struments capture different facets of participation linked to the International Classification of
Functioning, Disability and Health (ICF) domains and reveal good psychometric properties
(Hashidate et al., 2021), such as the Participation Objective, Participation Subjective (POPS;
Brown et al., 2004) or the Rating of Perceived Participation (ROPP; Sandstrém & Lundin-Ols-
son, 2007).

To assess PA behavior objectively, dual-accelerometer systems attached to the skin are prom-
ising to supply valid movement data of children and adolescents (Duncan et al., 2018). Alter-
natively, researchers may consider multiple imputation strategies, as they are appropriate to

deal with missing data sets and improve sample size power (Peeters et al., 2015).

The question remains how digital PA interventions for socially disadvantaged populations have
to be designed in the future in order to initially change behavior and promote sustainability of
long-term behavior change. Technological innovations on the market always spark substantial
interest and attention and cause short-term increases in PA. A good example is Pokémon GO.
After its release, daily steps significantly increased in users, but this effect could not be sus-
tained after six weeks (Howe et al., 2016). A recent trend is the Web 3.0 app STEPN. Based
on the move to earn concept, users buy a virtual sneaker and are incentivized to walk or run
during their daily lives by earning crypto currency. They can either cash out their earnings or

continue using it in the game (https://whitepaper.stepn.com/).

But is external motivation the key? Researchers argue that interventions for PA promotion
have to be theory-based and acknowledge psychological explanations of motivation, such as
the self-determination theory (SDT). Broken down to PA, part of this theory states that a person
whose three basic psychological needs -autonomy, competence, and relatedness- are met by
a PA program is more likely to continue doing so autonomously through intrinsic motivation

(Wang et al., 2009).

Based on the lessons-learned from the three studies conducted as part of this dissertation, |
assume that future interventions have to be participant driven. Why not ask target populations

themselves what they need to become physically active, which platform they would like to use,
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and which barriers they have to overcome using new technologies for a healthier lifestyle? This
participatory approach is better known as co-creation and, according to the earlier outlined
SEM model (see figure 2), it should not be restricted to the individual level, but engage multiple
levels in design and implementation of interventions (Stokols, 1996), i.e. stakeholders actively
involved in the development of PA-friendly environments in different settings.

Physical inactivity is a pandemic and has to be addressed at a population level to improve
health globally. As demanded by the WHO we have to involve stakeholders of these systems
where scaled-up public health interventions can be implemented and delivered to improve PA
population-wide. In Canada, a PA-initiative for older adults was implemented in collaboration
with community-based partner organizations. McKay and colleagues (2018) successfully en-
rolled the target population with their partner-based delivery strategy at a broad community
level and improved PA, mobility, and social connectedness among older individuals in British
Columbia. A study in the vocational education setting targeting the nursing care and automo-
tive mechatronics sector concluded that co-creation approaches for long-term implementation
of PA interventions at the institutional level have to elaborated in more detail considering rele-
vant contextual factors. Gruene and colleagues (2022) found a sustained implementation of
intervention components in the nursing care, but not in the automotive mechatronics sector.

Effects at the individual level were absent.

4.4 Conclusions

The overarching aim of this dissertation was to investigate the feasibility and effectiveness of
eHealth interventions for the promotion of PA behavior in socially disadvantaged populations.
Findings of this dissertation suggest that research on eHealth interventions for PA promotion
in socially disadvantaged populations is still in its infancy. Given the abundance of new tech-
nologies and social media, there is no necessity for the development of new platforms. A pur-
poseful consideration and adoption of existing platforms should be the task of future interven-
tion research. In our digitalized world which has gained momentum with the outbreak of
COVID-19 the harmful effects of, for example, social media use should always be critically

questioned and weighed against the benefits before adopting new technologies in PA and

78



health promoting programs. Likewise, the tertiary digital divide should be taken into account,
which excludes individuals with low eHealth literacy levels and unfortunately those most in
need for PA promotion. That is why participatory efforts in this area of research are needed to
develop tailored interventions and to obtain more study data from socially disadvantaged pop-
ulations.

The results also highlight that the present evidence on eHealth interventions to promote PA
among socially disadvantaged populations is scarce and of low quality. Increased standardi-
zation of indicators, measurements, and reporting are recommended. Considerably more effort
will be necessary to generate robust evidence on the feasibility and effectiveness of interven-
tion approaches disseminated at a larger scale (e.g. at the community level) which will ulti-
mately inform political decision makers on how to create PA-promoting programs for socially

disadvantaged populations that incorporate the social and built environment.

79



5 References

2018 Physical Activity Guidelines Advisory Committee. (2018). 2018 Physical Activity Guide-
lines Advisory Committee Scientific Report. https://health.gov/sites/default/files/2019-
09/PAG_Advisory _Committee_Report.pdf

ARD/ZDF-Forschungskommission. (2021). ARD/ZDF-Onlinestudie 2021. https://www.ard-zdf-
onlinestudie.de/files/2021/ARD_ZDF_Onlinestudie 2021 _Publikationscharts_final.pdf

Atorkey, P., Paul, C., Bonevski, B., Wiggers, J., Mitchell, A., Byrnes, E., Lecathelinais, C., &
Tzelepis, F. (2021). Uptake of proactively offered online and telephone support services
targeting multiple health risk behaviors among vocational education students: Process eval-
uation of a cluster randomized controlled trial. Journal of Medical Internet Research, 23(1),
Article e19737. https://doi.org/10.2196/19737

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Pren-

tice Hall.

Bandura, A. (2004). Health promotion by social cognitive means. Health Education & Behavior,
31(2), 143-164. https://doi.org/10.1177/1090198104263660

Bantham, A., Taverno Ross, S. E., Sebastiao, E., & Hall, G. (2021). Overcoming barriers to
physical activity in underserved populations. Progress in Cardiovascular Diseases, 64, 64-
71. https://doi.org/10.1016/j.pcad.2020.11.002

Barha, C. K., Davis, J. C., Falck, R. S., Nagamatsu, L. S., & Liu-Ambrose, T. (2017). Sex
differences in exercise efficacy to improve cognition: A systematic review and meta-analysis
of randomized controlled trials in older humans. Frontiers in Neuroendocrinology, 46, 71-
85. https://doi.org/10.1016/j.yfrne.2017.04.002

Belton, S., Breslin, G., Shannon, S., O'Brien, W., Fitzpatrick, B., Haughey, T., Chambers, F.,
Powell, D., McCullagh, D., & Brennan, D. (2019). Every minute counts: Patterns and times
of physical activity participation in children from socially disadvantaged areas in Ireland.
Journal of Physical Activity and Health, 16(5), 333-339. https://doi.org/10.1123/jpah.2018-
0368

Belton, S., O'Brien, W., Wickel, E. E., & Issartel, J. (2013). Patterns of noncompliance in ado-
lescent field-based accelerometer research. Journal of Physical Activity and Health, 10(8),
1181-1185. https://doi.org/10.1123/jpah.10.8.1181

Belvederi Murri, M., Ekkekakis, P., Magagnoli, M., Zampogna, D., Cattedra, S., Capobianco,
L., Serafini, G., Calcagno, P., Zanetidou, S., & Amore, M. (2019). Physical Exercise in Major

80



Depression: Reducing the Mortality Gap While Improving Clinical Outcomes. Frontiers in
Psychiatry, 9, Article 762. https://doi.org/10.3389/fpsyt.2018.00762

Bennett, G. G., & Glasgow, R. E. (2009). The delivery of public health interventions via the
internet: Actualizing their potential. Annual Review of Public Health, 30, 273-292.
https://doi.org/10.1146/annurev.publhealth.031308.100235

Blondell, S. J., Hammersley-Mather, R., & Veerman, J. L. (2014). Does physical activity pre-
vent cognitive decline and dementia?: A systematic review and meta-analysis of longitudi-
nal studies. BioMed Central Public Health, 14, Article 510.
https://doi.org/https://doi.org/10.1186/1471-2458-14-510

Bokolo, A. J. (2021). Application of telemedicine and eHealth technology for clinical services
in response to COVID-19 pandemic. Health and Technology, 11(2), 359-366.
https://doi.org/10.1007/s12553-020-00516-4

Bonevski, B., Randell, M., Paul, C., Chapman, K., Twyman, L., Bryant, J., Brozek, |., & Hughes,
C. (2014). Reaching the hard-to-reach: A systematic review of strategies for improving
health and medical research with socially disadvantaged groups. BioMed Central Medical
Research Methodology, 14, Article 42. https://doi.org/10.1186/1471-2288-14-42

Boogerd, E. A, Arts, T., Engelen, L. J., & van de Belt, T. H. (2015). "What Is eHealth": Time
for an update? Journal of Medical Internet Research Research Protocols, 4(1), Article e29.
https://doi.org/10.2196/resprot.4065

Brown, M., Dijkers, M. P., Gordon, W. A., Ashman, T., Charatz, H., & Cheng, Z. (2004). Par-
ticipation objective, participation subjective: a measure of participation combining outsider
and insider perspectives. The Journal of Head Trauma Rehabilitation, 19(6), 459-481.
https://doi.org/10.1097/00001199-200411000-00004

Camino, J., & Mioshi, E. (2017). Assessment of functional abilities in older adults (BADLs,
IADLs). In N. A. Pachana (Ed.), Encyclopedia of Geropsychology. Springer.
https://doi.org/https://doi.org/10.1007/978-981-287-082-7_266

Ceci, L. (2021 November, 12). Mobile app usage in Europe - Statistics & Facts. Statista.
https://www.statista.com/topics/8693/mobile-app-usage-in-europe/#dossierContents__ out-

erWrapper

Chekroud, S. R., Gueorguieva, R., Zheutlin, A. B., Paulus, M., Krumholz, H. M., Krystal, J. H.,
& Chekroud, A. M. (2018). Association between physical exercise and mental health in 1.2
million individuals in the USA between 2011 and 2015: A cross-sectional study. Lancet Psy-
chiatry, 5(9), 739-746. https://doi.org/10.1016/S2215-0366(18)30227-X

81



Choi, H. K., & Lee, S. H. (2021). Trends and effectiveness of ICT interventions for the elderly
to reduce Iloneliness: A systematic review. Healthcare, 9(3), Article 293.
https://doi.org/10.3390/healthcare9030293

Condello, G., Puggina, A., Aleksovska, K., Buck, C., Burns, C., Cardon, G., Carlin, A., Simon,
C., Ciarapica, D., Coppinger, T., Cortis, C., D'Haese, S., De Craemer, M., Di Blasio, A,
Hansen, S., lacoviello, L., Issartel, J., Izzicupo, P., Jaeschke, L., . . . Boccia, S. (2017).
Behavioral determinants of physical activity across the life course: A "DEterminants of Dlet
and Physical ACtivity" (DEDIPAC) umbrella systematic literature review. The International
Journal of Behavioral Nutrition and Physical Activity, 14(1), Article 58.
https://doi.org/10.1186/s12966-017-0510-2

Cornejo Mueller, A., Wachtler, B., & Lampert, T. (2020). Digital Divide — Soziale Unterschiede
in der Nutzung digitaler Gesundheitsangebote. Bundesgesundheitsblatt, Gesundheitsfor-
schung, Gesundheitsschutz, 63(2), 185-191. https://doi.org/10.1007/s00103-019-03081-y

Cotie, L. M., Prince, S. A., Elliott, C. G., Ziss, M. C., McDonnell, L. A., Mullen, K. A., Hiremath,
S., Pipe, A. L., Reid, R. D., & Reed, J. L. (2018). The effectiveness of eHealth interventions
on physical activity and measures of obesity among working-age women: A systematic re-
view and meta-analysis. Obesity Reviews, 19(10), 1340-1358.
https://doi.org/10.1111/obr.12700

Craig, P., Dieppe, P., Macintyre, S., Michie, S., Nazareth, I., & Petticrew, M. (2013). Develop-
ing and evaluating complex interventions: the new Medical Research Council guidance.
International Journal of Nursing Studies, 50(5), 587-592.
https://doi.org/10.1016/j.ijnurstu.2012.09.010

Davies, C. A., Spence, J. C., Vandelanotte, C., Caperchione, C. M., & Mummery, W. K. (2012).
Meta-analysis of internet-delivered interventions to increase physical activity levels. Inter-
national Journal of Behavioral Nutriton and Physical Activity, 9, Article 52.
https://doi.org/10.1186/1479-5868-9-52

De Cocker, K., De Bourdeaudhuij, I., Brown, W., & Cardon, G. (2009). Moderators and medi-
ators of pedometer use and step count increase in the "10,000 Steps Ghent" intervention.
The International Journal of Behavioral Nutrition and Physical Activity, 6, Article 3.
https://doi.org/10.1186/1479-5868-6-3

Degenhard, J. (2021 August, 23). Forecast of the smartphone penetration in Europe from 2010
to 2025. Statista. https://www.statista.com/forecasts/1147144/smartphone-penetration-

forecast-in-europe

82



Devereux-Fitzgerald, A., Powell, R., Dewhurst, A., & French, D. P. (2016). The acceptability of
physical activity interventions to older adults: A systematic review and meta-synthesis. So-
cial Science & Medicine, 158, 14-23. https://doi.org/10.1016/j.socscimed.2016.04.006

Di Lorito, C., van der Wardt, V., O'Brien, R., Gladman, J., Masud, T., & Harwood, R. H. (2022).
Impact of COVID-19 lockdown on physical exercise among participants receiving the Pro-
moting Activity, Independence and Stability in Early Dementia (PrAISED) intervention: A
repeated measure study. BioMed Central Geriatrics, 22(1), Article 605.
https://doi.org/10.1186/s12877-022-03239-5

Du, H., Newton, P. J., Salamonson, Y., Carrieri-Kohlman, V. L., & Davidson, P. M. (2009). A
review of the six-minute walk test: its implication as a self-administered assessment tool.
European Journal of Cardiovascular Nursing, 8(1), 2-8.
https://doi.org/10.1016/j.ejcnurse.2008.07.001

Duan, Y., Shang, B., Liang, W., Du, G., Yang, M., & Rhodes, R. E. (2021). Effects of eHealth-
based multiple health behavior change interventions on physical activity, healthy diet, and
weight in people with non-communicable diseases: Systematic review and meta-analysis.
Journal of Medical Internet Research, 23(2), Article e23786. https://doi.org/10.2196/23786

Duncan, S., Stewart, T., Mackay, L., Neville, J., Narayanan, A., Walker, C., Berry, S., & Morton,
S. (2018). Wear-time compliance with a dual-accelerometer system for capturing 24-h be-
havioural profiles in children and adults. International Journal of Environmental Research
and Public Health, 15(7), Article 1296. https://doi.org/10.3390/ijerph15071296

Ekelund, U., Tomkinson, G., & Armstrong, N. (2011). What proportion of youth are physically
active? Measurement issues, levels and recent time trends. British Journal of Sports Medi-
cine 45(11), 859-865. https://doi.org/10.1136/bjsports-2011-090190

Eldridge, S. M., Lancaster, G. A., Campbell, M. J., Thabane, L., Hopewell, S., Coleman, C. L.,
& Bond, C. M. (2016). Defining feasibility and pilot studies in preparation for randomised
controlled ftrials: Development of a conceptual framework. PloS One, 11(3), Article
€0150205. https://doi.org/10.1371/journal.pone.0150205

Elgar, F. J., Pfortner, T. K., Moor, I, De Clercq, B., Stevens, G. W., & Currie, C. (2015). Soci-
oeconomic inequalities in adolescent health 2002-2010: A time-series analysis of 34 coun-
tries participating in the health behaviour in school-aged children study. Lancet, 385(9982),
2088-2095. https://doi.org/10.1016/S0140-6736(14)61460-4

83



El-Kotob, R., & Giangregorio, L. M. (2018). Pilot and feasibility studies in exercise, physical
activity, or rehabilitation research. Pilot and Feasibility Studies, 4, Article 137.
https://doi.org/10.1186/s40814-018-0326-0

Eysenbach, G. (2001). What is e-health? Journal of Medical Internet Research, 3(2), Article
e20. https://doi.org/10.2196/jmir.3.2.e20

Far, I. K., Ferron, M., Ibarra, F., Baez, M., Tranquillini, S., Casati, F., & Doppio, N. (2015). The
interplay of physical and social wellbeing in older adults: Investigating the relationship be-
tween physical training and social interactions with virtual social environments. Peerd Com-
puter Science, 1(7), Article e30. https://doi.org/ 10.7717/peerj-cs.30

Franceschi, R., Fornari, E., Ghezzi, M., Buzzi, E., Toschi, M., Longhi, S., Maimone, R., Forti,
S., Carneri, S., Pirous, F. M., Agostini, B., lori, T., Gibin, M., Porchia, S., Soffiati, M., &
Maffeis, C. (2021). Educational intervention of healthy life promotion for children with a mi-
grant background or at socioeconomic disadvantage in the north of ltaly: Efficacy of
telematic tools in improving nutritional and physical activity knowledge. Nutrients, 13(10),
Article 3634. https://doi.org/10.3390/nu13103634

Franco, M. R., Tong, A., Howard, K., Sherrington, C., Ferreira, P. H., Pinto, R. Z., & Ferreira,
M. L. (2015). Older people's perspectives on participation in physical activity: A systematic
review and thematic synthesis of qualitative literature. British Journal of Sports Medicine,
49(19), 1268-1276. https://doi.org/10.1136/bjsports-2014-094015

GBD 2017 Diet Collaborators. (2019). Health effects of dietary risks in 195 countries, 1990—
2017: A systematic analysis for the global burden of disease study 2017. The Lancet,
393(10184), 1958-1972. https://doi.org/10.1016/S0140-6736(19)30041-8

Geyer, S. (2008). Einzelindikator oder Index? Male sozialer Differenzierung im Vergleich. Das
Gesundheitswesen, 70(5), 281-288. https://doi.org/10.1055/s-2008-1078722

Geyer, S. (2021, November 16). Soziale Ungleichheit und Gesundheit/Krankheit. Bundeszent-
rale flr gesundheitliche Aufklarung. https://leitbegriffe.bzga.de/alphabetisches-verzeich-

nis/soziale-ungleichheit-und-gesundheitkrankheit/

Geyer, S., Eberhard, S., Schmidt, B. M. W., Epping, J., & Tetzlaff, J. (2018). Morbidity com-
pression in myocardial infarction 2006 to 2015 in terms of changing rates and age at occur-
rence: A longitudinal study using claims data from Germany. PLoS One, 13(8), Article
€0202631. https://doi.org/10.1371/journal.pone.0202631

84



Gomes, M., Figueiredo, D., Teixeira, L., Poveda, V., Paul, C., Santos-Silva, A., & Costa, E.
(2017). Physical inactivity among older adults across Europe based on the SHARE data-
base. Age and Ageing, 46(1), 71-77. https://doi.org/10.1093/ageing/afw165

Goodyear, V. A., Wood, G., Skinner, B., & Thompson, J. L. (2021). The effect of social media
interventions on physical activity and dietary behaviours in young people and adults: A sys-
tematic review. The International Journal of Behavioral Nutrition and Physical Activity, 18(1),
Article 72. https://doi.org/10.1186/s12966-021-01138-3

Gruene, E., Popp, J., Carl, J., Semrau, J., & Pfeifer, K. (2022). Examining the sustainability
and effectiveness of co-created physical activity interventions in vocational education and
training: a multimethod evaluation. BioMed Central Public Health, 22(1), Article 765.
https://doi.org/10.1186/s12889-022-13133-9

Guenther, L., Osterhoff, A., Sommer, S., Thiel, C., & Grueneberg, C. (2022). Quartier agil -
aktiv vor Ort: Praxishandbuch zur Durchfiihrung eines kombinierten, quartiersbezogenen
Trainingsprogrammes fur altere Menschen [Supplement]. Zenodo.
https://doi.org/10.5281/zenodo.6998000

Guenther, L., & Pischke, C. R. (2021). A scoping review protocol to map the evidence regard-
ing the effectiveness of social media-based interventions for the promotion of physical ac-

tivity [Supplement]. https://osf.io/v9dXx|

Guenther, L., & Pischke, C. R. (2021, 12th-14th October). A social media-based physical ac-
tivity intervention targeting socially disadvantaged young adults: Pilot study [conference
poster]. 8th International Society for Physical Activity and Health (ISPAH) Congress, Van-

couver, Canada.

Guenther, L., Schleberger, S., & Pischke, C. R. (2021a). Effectiveness of Social Media-Based
Interventions for the Promotion of Physical Activity: Scoping Review. International Journal
of Environmental Research and Public Health, 18(24), Article 13018.
https://doi.org/10.3390/ijerph182413018

Guenther, L., Schleberger, S., & Pischke, C. R. (2021b). Effectiveness of social media-based
interventions for the promotion of physical activity: Scoping review [Supplement]. Interna-
tional Journal of Environmental Research and Public Health, 18(24), Article 13018.
https://www.mdpi.com/article/10.3390/ijerph182413018/s1

85



Guenther, L., Schleberger, S., & Pischke, C. R. (2022, 31st August-2nd September). Effective-
ness of social media-based interventions for the promotion of physical activity: Scoping re-
view [conference poster]. 7th annual meeting and 11th conference of HEPA Europe, Nice,

France.

Guenther, L., Schleberger, S., & Pischke, C. R. (2022). Feasibility of a social network-based
physical activity intervention targeting vocational school students: A pilot study. International
Journal of Environmental Research and Public Health, 19(15), Article 9474.
https://doi.org/10.3390/ijerph19159474

Guenther, L., Schleberger, S., & Pischke, C. R. (2022, 9th-12th November). Feasibility of a
social network-based physical activity intervention targeting vocational students [confer-

ence poster]. 15th European Public Health Conference, Berlin, Germany.

Guthold, R., Stevens, G. A, Riley, L.M., & Bull, F. C. (2018). Worldwide trends in insufficient
physical activity from 2001 to 2016: A pooled analysis of 358 population-based surveys with
1,9 million participants. The Lancet Global Health, 6(10), Article e1077-86.
https://doi.org/10.1016/S2214-109X(18)30357-7

Guthold, R., Stevens, G.A., Riley, L.M., & Bull, F. C. (2020) Global trends in insufficient phys-
ical activity among adolescents: A pooled analysis of 298 population-based surveys with
1,6 million participants. The Lancet Child & Adolescent Health, 4(1) 23-35.
https://doi.org/10.1016/S2352-4642(19)30323-2

Hankonen, N., Heino, M. T., Hynynen, S. T., Laine, H., Araujo-Soares, V., Sniehotta, F. F.,
Vasankari, T., Sund, R., & Haukkala, A. (2017). Randomised controlled feasibility study of
a school-based multi-level intervention to increase physical activity and decrease sedentary
behaviour among vocational school students. The International Journal of Behavioral Nutri-
tion and Physical Activity, 14, Article 37. https://doi.org/10.1186/s12966-017-0484-0

Harvey, J. A., Chastin, S. F. M., & Skelton, D. A. (2015). How sedentary are older people? A
systematic review of the amount of sedentary behavior. Journal of Aging and Physical Ac-
tivity, 23(3), 471-487. https://doi.org/10.1123/japa.2014-0164

Hashidate, H., Shimada, H., Fujisawa, Y., & Yatsunami, M. (2021). An overview of social par-
ticipation in older adults: Concepts and sssessments. Physical Therapy Research, 24(2),
85-97. https://doi.org/10.1298/ptr.R0013

86



Heponiemi, T., Jormanainen, V., Leemann, L., Manderbacka, K., Aalto, A.-M., & Hyppo6nen,
H. (2020). Digital divide in perceived benefits of online health care and social welfare ser-
vices: National cross-sectional survey study. Journal of Medical Internet Research, 22(7),
Article e17616. https://doi.org/10.2196/17616

Hoffmann, T. C., Glasziou, P. P., Boutron, I., Milne, R., Perera, R., Moher, D., Altman, D. G.,
Barbour, V., Macdonald, H., Johnston, M., Lamb, S. E., Dixon-Woods, M., McCulloch, P.,
Wyatt, J. C., Chan, A. W., & Michie, S. (2014). Better reporting of interventions: template
for intervention description and replication (TIDieR) checklist and guide. British Medical
Journal, 348, Article g1687. https://doi.org/10.1136/bmj.g1687

Hosseinpour, M., & Terlutter, R. (2019). Your personal motivator is with you: A systematic
review of mobile phone applications aiming at increasing physical activity. Sports Medicine,
49(9), 1425-1447. https://doi.org/10.1007/s40279-019-01128-3

Howe, K. B., Suharlim, C., Ueda, P., Howe, D., Kawachi, I., & Rimm, E. B. (2016). Gotta
catch'em all! Pokémon GO and physical activity among young adults: difference in differ-
ences study. British Medical Journal, 355, Article i6270. https://doi.org/10.1136/bm;.i6270

Institute for Health Metrics and Evaluation. (n.d.). Results from the 2019 Global Burden of
Disease (GBD) study. Retrieved June 06, 2022, from https://vizhub.healthdata.org/gbd-re-

sults/

Israel, B. A., & Schurman, S. J. (1990). Social support, control, and the stress process. In K.
Glanz, F. M. Lewis, & B. K. Rimer (Eds.), Health behavior and health education: theory,

research, and practice (pp. 187—-215). Jossey-Bass Publishers.

Jaeschke, L., Steinbrecher, A., Luzak, A., Puggina, A., Aleksovska, K., Buck, C., Burns, C.,
Cardon, G., Carlin, A., Chantal, S., Ciarapica, D., Condello, G., Coppinger, T., Cortis, C.,
De Craemer, M., D'Haese, S., Di Blasio, A., Hansen, S., lacoviello, L., . . . Pischon, T.
(2017). Socio-cultural determinants of physical activity across the life course: A 'Determi-
nants of Diet and Physical Activity' (DEDIPAC) umbrella systematic literature review. The
International Journal of Behavioral Nutrition and Physical Activity, 14(1), Article 173.
https://doi.org/10.1186/s12966-017-0627-3

Kaba-Schonstein, L., & Kilian, H. (2018, June 15). Gesundheitsférderung und soziale Benach-
teiligung/ Gesundheitsférderung und gesundheitliche Chancengleichheit. Bundeszentrale
fur gesundheitliche Aufklarung. https://leitbegriffe.bzga.de/alphabetisches-verzeichnis/ge-
sundheitsfoerderung-und-soziale-benachteiligung-gesundheitsfoerderung-und-gesund-

heitliche-chanceng/

87



Kaihlanen, A. M., Virtanen, L., Buchert, U., Safarov, N., Valkonen, P., Hietapakka, L., Horham-
mer, I., Kujala, S., Kouvonen, A., & Heponiemi, T. (2022). Towards digital health equity - a
qualitative study of the challenges experienced by vulnerable groups in using digital health
services in the COVID-19 era. BioMed Central Health Services Research, 22(1), Article
188. https://doi.org/10.1186/s12913-022-07584-4

Kandola, A., Vancampfort, D., Herring, M., Rebar, A., Hallgren, M., Firth, J., & Stubbs, B. Mov-
ing to beat anxiety: Epidemiology and therapeutic issues with physical activity for anxiety.
(2018). Current Psychiatry Reports, 20(8), Article 63. https://doi.org/10.1007/s11920-018-
0923-x

Kebede, M., Steenbock, B., Helmer, S. M., Sill, J., Mollers, T., & Pischke, C. R. (2018). Identi-
fying evidence-informed physical activity apps: Content analysis. Journal of Medical Internet
Research mHealth and uHealth, 6(12), Article e10314. https://doi.org/10.2196/10314

Kontos, E., Blake, K. D., Chou, W. Y., & Prestin, A. (2014). Predictors of eHealth usage: in-
sights on the digital divide from the Health Information National Trends Survey 2012. Jour-
nal of Medical Internet Research, 16(7), e172. https://doi.org/10.2196/jmir.3117

Krebs, P., Prochaska, J. O., & Rossi, J. S. (2010). Defining what works in tailoring: A meta-
analysis of computer-tailored interventions for health behavior change. Preventive Medicine
51(3-4), 214-221. https://doi.org/10.1016/j.ypmed.2010.06.004

Kuipers, A., Kloek, G. C., & de Vries, S. |. (2021). Understanding vocational students' motiva-
tion for dietary and physical activity behaviors. International Journal of Environmental Re-
search and Public Health, 18(4), Article 1381. https://doi.org/10.3390/ijerph18041381

Kwan, R. Y., Lee, D., Lee, P. H., Tse, M., Cheung, D. S., Thiamwong, L., & Choi, K. S. (2020).
Effects of an mHealth brisk walking intervention on increasing physical activity in older peo-
ple with cognitive frailty: Pilot randomized controlled trial. Journal of Medical Internet Re-
search mHealth and uHealth, 8(7), Article e16596. https://doi.org/10.2196/16596

Kwan, R. Y. C,, Salihu, D., Lee, P. H., Tse, M., Cheung, D. S. K., Roopsawang, |., & Choi, K.
S. (2020). The effect of e-health interventions promoting physical activity in older people: a
systematic review and meta-analysis. European Review of Aging and Physical Activity, 17,
Article 7. https://doi.org/10.1186/s11556-020-00239-5

Lambert, J. D., Greaves, C. J., Farrand, P., Price, L., Haase, A. M., & Taylor, A. H. (2018).
Web-based intervention using behavioral activation and physical activity for adults with de-
pression (The eMotion study): Pilot randomized controlled trial. Journal of Medical Internet
Research, 20(7), Article e10112. https://doi.org/10.2196/10112

88



Latulippe, K., Hamel, C., & Giroux, D. (2017). Social health inequalities and eHealth: A litera-
ture review with qualitative synthesis of theoretical and empirical studies. Journal of Medical
Internet Research, 19(4), Article e136. https://doi.org/10.2196/jmir.6731

Lawler, M., Heary, C., & Nixon, E. (2020). Peer support and role modelling predict physical
activity change among adolescents over twelve months. Journal of Youth and Adolescence,
49(7), 1503-1516. https://doi.org/10.1007/s10964-019-01187-9

Lee, I. M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., Katzmarzyk, P. T., & Lancet
Physical Activity Series Working Group. (2012). Effect of physical inactivity on major non-
communicable diseases worldwide: an analysis of burden of disease and life expectancy.
Lancet, 380(9838), 219-229. https://doi.org/10.1016/S0140-6736(12)61031-9

Lippke, S., Ratz, T., Keller, F. M., Juljugin, D., Peters, M., Pischke, C., & Voelcker-Rehage, C.
(2022). Mitigating feelings of loneliness and depression by means of web-based or print-
based physical activity interventions: Pooled analysis of 2 community-based intervention
trials. Journal of Medical Internet  Research  Aging, 5(3), e36515.
https://doi.org/10.2196/36515

Lonsdale, C., Lester, A., Owen, K. B., White, R. L., Peralta, L., Kirwan, M., Diallo, T. M. O.,
Maeder, A. J., Bennie, A., MacMillan, F., Kolt, G. S., Ntoumanis, N., Gore, J. M., Cerin, E.,
Cliff, D. P., & Lubans, D. R. (2019). An internet-supported school physical activity interven-
tion in low socioeconomic status communities: results from the Activity and Motivation in
Physical Education (AMPED) cluster randomised controlled trial. British Journal of Sports
Medicine, 53(6), 341-347. https://doi.org/10.1136/bjsports-2017-097904

Maher, C., Ferguson, M., Vandelanotte, C., Plotnikoff, R., De Bourdeaudhuij, I., Thomas, S.,
Nelson-Field, K., & Olds, T. (2015). A web-based, social networking physical activity inter-
vention for insufficiently active adults delivered via Facebook app: Randomized controlled
trial. Journal  of  Medical Internet  Research, 17(7), Article el174.
https://doi.org/10.2196/jmir.4086

Matos Fialho, P. M., Guenther, L., Schmitz, E., Truemmler, J., Willemsen, S., Vomhof, M., Icks,
A., Lang, A., Kuss, O., Weyers, S., & Pischke, C. R. (2022). Effects of the population-based
"10,000 Steps Duesseldorf" intervention for promoting physical activity in community-dwell-
ing adults: Protocol for a nonrandomized controlled trial. Journal of Medical Internet Re-
search Research Protocols, 11(9), e39175. https://doi.org/10.2196/39175

McDermott, A., Haberlin, C., & Moran, J. (2021). The use of eHealth to promote physical ac-
tivity in people living with Parkinson’s disease: A systematic review. Physiotherapy Practice
and Research, 42(8), 79-92. https://doi.org/http://dx.doi.org/10.3233/PPR-200474

89



McGarrigle, L., & Todd, C. (2020). Promotion of physical activity in older people using mHealth
and eHealth technologies: Rapid review of reviews. Journal of Medical Internet Research,
22(12), Article e22201. https://doi.org/10.2196/22201

McKay, H., Nettlefold, L., Bauman, A., Hoy, C., Gray, S. M., Lau, E., & Sims-Gould, J. (2018).
Implementation of a co-designed physical activity program for older adults: positive impact
when delivered at scale. BioMed Central Public Health, 18(1), Article 1289.
https://doi.org/10.1186/s12889-018-6210-2

McKeon, G., Papadopoulos, E., Firth, J., Joshi, R., Teasdale, S., Newby, J., & Rosenbaum, S.
(2022). Social media interventions targeting exercise and diet behaviours in people with
non-communicable diseases (NCDs): A systematic review. Internet Interventions, 27, Arti-
cle 100497. https://doi.org/10.1016/j.invent.2022.100497

McLeroy, K. R., Bibeau, D., Steckler, A., & Glanz, K. (1988). An ecological perspective on
health promotion programs. Health Education Quarterly, 15(4), 351-377.
https://doi.org/10.1177/109019818801500401

Mendoza-Vasconez, A. S., Linke, S., Munoz, M., Pekmezi, D., Ainsworth, C., Cano, M., Wil-
liams, V., Marcus, B. H., & Larsen, B. A. (2016). Promoting physical activity among under-
served  populations.  Current  Sports  Medicine  Report, 15(4), 290-297.
https://doi.org/10.1249/JSR.0000000000000276

Michie, S., Richardson, M., Johnston, M., Abraham, C., Francis, J., Hardeman, W., Eccles, M.
P., Cane, J., & Wood, C. E. (2013). The behavior change technique taxonomy (v1) of 93
hierarchically clustered techniques: building an international consensus for the reporting of
behavior change interventions. Annals of Behavioral Medicine: A Publication of the Society
of Behavioral Medicine, 46(1), 81-95. https://doi.org/10.1007/s12160-013-9486-6

Millett, E. R. C., Peters, S. A. E., & Woodward, M. (2018). Sex differences in risk factors for
myocardial infarction: cohort study of UK Biobank participants. British Medical Journal, 363,
Article k4247. https://doi.org/10.1136/bmj.k4247

Moller, A. C., Merchant, G., Conroy, D. E., West, R., Hekler, E., Kugler, K. C., & Michie, S.
(2017). Applying and advancing behavior change theories and techniques in the context of
a digital health revolution: proposals for more effectively realizing untapped potential. Jour-
nal of Behavioral Medicine, 40(1), 85-98. https://doi.org/10.1007/s10865-016-9818-7

Montague, J., & Haith-Cooper, M. (2021). A study to assess the feasibility of using a novel
digital animation to increase physical activity levels in asylum seeking communities. Health
& Social Care in the Community, 30(5), 1960-1968. https://doi.org/10.1111/hsc.13575

90



Moore, L., Hallingberg, B., Wight, D., Turley, R., Segrott, J., Craig, P., Robling, M., Murphy, S.,
Simpson, S. A., & Moore, G. (2018). Exploratory studies to inform full-scale evaluations of
complex public health interventions: the need for guidance. Journal of Epidemiology and
Community Health, 72(10), 865-866. https://doi.org/10.1136/jech-2017-210414

Moorhead, S. A., Hazlett, D. E., Harrison, L., Carroll, J. K., Irwin, A., & Hoving, C. (2013). A
new dimension of health care: systematic review of the uses, benefits, and limitations of
social media for health communication. Journal of Medical Internet Research, 15(4), Article
e85. https://doi.org/10.2196/jmir.1933

Mueller, A. M., Maher, C. A., Vandelanotte, C., Hingle, M., Middelweerd, A., Lopez, M. L.,
DeSmet, A., Short, C. E., Nathan, N., Hutchesson, M. J., Poppe, L., Woods, C. B., Williams,
S. L., & Wark, P. A. (2018). Physical activity, sedentary behavior, and diet-related eHealth
and mHealth research: Bibliometric analysis. Journal of Medical Internet Research, 20(4),
Article e122. https://doi.org/10.2196/jmir.8954

Nahum-Shani, I., Hekler, E. B., & Spruijt-Metz, D. (2015). Building health behavior models to
guide the development of just-in-time adaptive interventions: A pragmatic framework.
Health Psychology, 34(0), 1209-1219. https://doi.org/10.1037/hea0000306

Norman, C. D., & Skinner, H. A. (2006). eHealth Literacy: Essential skills for consumer health
in a networked world. Journal of Medical Internet Research, 8(2), Article 9.
https://doi.org/10.2196/jmir.8.2.e9

Nyman, S. R., Adamczewska, N., & Howlett, N. (2018). Systematic review of behaviour change
techniques to promote participation in physical activity among people with dementia. British
Journal of Health Psychology, 23(1), 148-170. https://doi.org/10.1111/bjhp.12279

Oh, H., Rizo, C., Enkin, M., & Jadad, A. (2005). What is eHealth (3): A systematic review of
published definitions. Journal of Medical Internet Research, 7(1), Article e1.
https://doi.org/10.2196/jmir.7.1.e1

Olander, E. K., Fletcher, H., Williams, S., Atkinson, L., Turner, A., & French, D. P. (2013). What
are the most effective techniques in changing obese individuals' physical activity self-effi-
cacy and behaviour: A systematic review and meta-analysis. International Journal of Be-
havioral Nutrition and Physical Activity, 10, Article 29. https://doi.org/10.1186/1479-5868-
10-29

Park, S. H. (2018). Tools for assessing fall risk in the elderly: a systematic review and meta-
analysis. Aging Clinical and Experimental Research, 30(1), 1-16.
https://doi.org/10.1007/s40520-017-0749-0

91



Pearson, N., Naylor, P. J., Ashe, M. C., Fernandez, M., Yoong, S. L., & Wolfenden, L. (2020).
Guidance for conducting feasibility and pilot studies for implementation trials. Pilot and Fea-
sibility Studies, 6(1), Article 167. https://doi.org/10.1186/s40814-020-00634-w

Peeters, M., Zondervan-Zwijnenburg, M., Vink, G., & van de Schoot, R. (2015). How to handle
missing data: A comparison of different approaches. European Journal of Developmental
Psychology, 12(4), 377-394.
https://doi.org/https://doi.org/10.1080/17405629.2015.1049526

Peters, M. D., Godfrey, C. M., Khalil, H., Mclnerney, P., Parker, D., & Soares, C. B. (2015).
Guidance for conducting systematic scoping reviews. International journal of evidence-
based healthcare, 13(3), 141-146. https://doi.org/10.1097/XEB.0000000000000050

Petersen, J. M., Prichard, I., & Kemps, E. (2019). A Comparison of physical activity mobile
apps with and without existing web-based social networking platforms: Systematic review.
Journal of Medical Internet Research, 21(8), Article e12687. https://doi.org/10.2196/12687

Puggina, A., Aleksovska, K., Buck, C., Burns, C., Cardon, G., Carlin, A., Chantal, S., Ciarapica,
D., Condello, G., Coppinger, T., Cortis, C., D'Haese, S., De Craemer, M., Di Blasio, A.,
Hansen, S., lacoviello, L., Issartel, J., Izzicupo, P., Jaeschke, L., . . . Boccia, S. (2017).
Policy determinants of physical activity across the life course: a 'DEDIPAC' umbrella sys-
tematic literature review. European Journal of Public Health, 28(1), 105-118.
https://doi.org/10.1093/eurpub/ckx174

Putland, C., Baum, F., Ziersch, A., Arthurson, K., & Pomagalska, D. (2013). Enabling pathways
to health equity: developing a framework for implementing social capital in practice. BioMed
Central Public Health, 13, Article 517. https://doi.org/10.1186/1471-2458-13-517

Reik, R., Woll, A., Grében, F., & Berndt, E. D. (2010). Betriebliche Gesundheitsférderung in
der Ausbildung. Wie verandert sich der Lebensstil der Jugendlichen Uber einen zweijahri-
gen Ausbildungszeitraum und welchen Beitrag kann ein Azubi-Fit Programm leisten? Ar-

beitsmedizin, Sozialmedizin, Unmweltmedizin, 45, 640-646.

Rimmer, J. H., Wilroy, J., Galea, P., Jeter, A., & Lai, B. W. (2022). Retrospective evaluation of
a pilot eHealth/ mHealth telewellness program for people with disabilities: Mindfulness, ex-
ercise, and nutrition to optimize resilience (MENTOR). mHealth, 8, Article 15.
https://doi.org/10.21037/mhealth-21-34

Robert Koch-Institut. (2008, October 30). Gesundheitliche Folgen von Gewalt unter besonde-
rer Beriicksichtigung von hé&uslicher Gewalt gegen Frauen. https://www.gbe-
bund.de/pdf/gewalt.pdf

92



Robinson, L., Cotten, S. R., Ono, H., Quan-Haase, A., Mesch, G., Chen, W. H., Schulz, J.,
Hale, T. M., & Stern, M. J. (2015). Digital inequalities and why they matter. Information
Communication & Society, 18(5), 569-582.
https://doi.org/10.1080/1369118x.2015.1012532

Rogers, W. A. (2004). Evidence based medicine and justice: a framework for looking at the
impact of EBM upon vulnerable or disadvantaged groups. Journal of Medical Ethics, 30(2),
141-145. https://doi.org/10.1136/jme.2003.007062

Rose, T., Barker, M., Maria Jacob, C., Morrison, L., Lawrence, W., Strommer, S., Vogel, C.,
Woods-Townsend, K., Farrell, D., Inskip, H., & Baird, J. (2017). A systematic review of dig-
ital interventions for improving the diet and physical activity behaviors of adolescents. The
Journal of Adolescent Health: Official Publication of the Society for Adolescent Medicine,
61(6), 669-677. https://doi.org/10.1016/j.jadohealth.2017.05.024

Rosenbaum, S., Tiedemann, A., Sherrington, C., Curtis, J., & Ward, P. B. (2014). Physical
activity interventions for people with mental iliness: a systematic review and meta-analysis.
The Journal of Clinical Psychiatry, 75(9), 964-974. https://doi.org/10.4088/JCP.13r08765

Saez, L., Langlois, J., Legrand, K., Quinet, M. H., Lecomte, E., Omorou, A. Y., Briancon, S., &
Group, P.-l. T. (2018). Reach and acceptability of a mobile reminder strategy and Facebook
group intervention for weight management in less advantaged adolescents: Insights from
the PRALIMAP-INES trial. Journal of Medical Internet Research mHealth and uHealth, 6(5),
Article e110. https://doi.org/10.2196/mhealth.7657

Salas-Gomez, D., Fernandez-Gorgojo, M., Pozueta, A., Diaz-Ceballos, I., Lamarain, M., Pe-
rez, C., Kazimierczak, M., & Sanchez-Juan, P. (2020). Physical activity is associated with
better executive function in university students. Frontiers in Human Neuroscience, 14, Arti-
cle 11. https://doi.org/10.3389/fnhum.2020.00011

Salk, R. H., Hyde, J. S., & Abramson, L. Y. (2017). Gender differences in depression in repre-
sentative national samples: Meta-analyses of diagnoses and symptoms. Psychological Bul-
letin, 143(8), 783-822. https://doi.org/10.1037/bul0000102

Sampasa-Kanyinga, H., Colman, |., Goldfield, G. S., Janssen, |., Wang, J., Podinic, ., Trem-
blay, M. S., Saunders, T. J., Sampson, M., & Chaput, J. P. (2020). Combinations of physical
activity, sedentary time, and sleep duration and their associations with depressive symp-
toms and other mental health problems in children and adolescents: a systematic review.
The International Journal of Behavioral Nutrition and Physical Activity, 17(1), Article 72.
https://doi.org/10.1186/s12966-020-00976-x

93



Sandstrom, M., & Lundin-Olsson, L. (2007). Development and evaluation of a new question-
naire for rating perceived participation. Clinical Rehabilitation, 21(9), 833-845.
https://doi.org/10.1177/0269215507077278

Sawyer, A., Lewthwaite, H., Gucciardi, D. F., Hill, K., Jenkins, S., & Cavalheri, V. (2019). Be-
haviour change techniques to optimise participation in physical activity or exercise in ado-
lescents and young adults with chronic cardiorespiratory conditions: A systematic review.
Internal Medicine Journal, 49(10), 1209-1220. https://doi.org/10.1111/imj.14141

Sebire, S. J., Banfield, K., Jago, R., Edwards, M. J., Campbell, R., Kipping, R., Blair, P. S.,
Kadir, B., Garfield, K., Matthews, J., Lyons, R. A., & Hollingworth, W. (2019). A process
evaluation of the PLAN-A intervention (peer-led physical activity intervention for adolescent
girls). BioMed Central Public Health, 19(1), Article 1203. https://doi.org/10.1186/s12889-
019-7545-z

Shaw, T., McGregor, D., Brunner, M., Keep, M., Janssen, A., & Barnet, S. (2017). What is
eHealth (6)? Development of a conceptual model for eHealth: Qualitative study with key
informants. Journal of Medical Internet Research, 19(10), Article e324.
https://doi.org/10.2196/jmir.8106

Short, C. E., James, E. L., Plotnikoff, R. C., & Girgis, A. (2011). Efficacy of tailored-print inter-
ventions to promote physical activity: A systematic review of randomised trials. International
Journal of Behavioral Nutrition and  Physical Activity, 8, Article 113.
https://doi.org/10.1186/1479-5868-8-113

Siegrist, J. (2021). Gesundheit fir alle? Die Herausforderung sozialer Ungleichheit. Wbg

Academic.

Skivington, K., Matthews, L., Simpson, S. A., Craig, P., Baird, J., Blazeby, J. M., Boyd, K. A.,
Craig, N., French, D. P., MclIntosh, E., Petticrew, M., Rycroft-Malone, J., White, M., & Moore,
L. (2021). A new framework for developing and evaluating complex interventions: update of
Medical Research Council guidance. British Medical Journal, 374, Article n2061.
https://doi.org/10.1136/bmj.n2061

Southard, V., Dave, M., Davis, M. G., Blanco, J., & Hofferber, A. (2005). The multiple tasks
test as a predictor of falls in older adults. Gait & Posture, 22(4), 351-355.
https://doi.org/10.1016/j.gaitpost.2004.11.013

Statista Research Department. (2022). Number of internet users in EU countries as of Decem-

ber 2020 (in millions). Statista. https://www.statista.com/statistics/252753/number-of-inter-

94



net-users-eu-countries/#:~:text=Internet%20ac-
cess%20in%20the%20EU%200ver%20the%20past,per-
cent%200f%20all%20EU%20households%20had%20internet%20access

Statista Research Department. (2022). Social Networks mit den meisten Nutzern weltweit
2022. Statista. https://de.statista.com/statistik/daten/studie/181086/umfrage/die-weltweit-

groessten-social-networks-nach-anzahl-der-user/
STEPN. (n.d). Retrieved September 07, 2022, from https://whitepaper.stepn.com/

Stodle, I. V., Debesay, J., Pajalic, Z., Lid, I. M., & Bergland, A. (2019). The experience of
motivation and adherence to group-based exercise of Norwegians aged 80 and more: A
qualitative study. Archives of Public Health, 77(1), 26-37. https://doi.org/10.1186/s13690-
019-0354-0

Stokols, D. (1996). Bridging the theoretical and applied facets of environmental psychology.
American Psychologist, 51(11), 1188-1189. https://doi.org/10.1037/0003-066X.51.11.1188

Stubbs, B., Vancampfort, D., Rosenbaum, S., Firth, J., Cosco, T., Veronese, N., Salum, G. A,,
& Schuch, F. B. (2017). An examination of the anxiolytic effects of exercise for people with
anxiety and stress-related disorders: A meta-analysis. Psychiatry Research, 249, 102-108.
https://doi.org/10.1016/j.psychres.2016.12.020

Stubbs, B., Vancampfort, D., Smith, L., Rosenbaum, S., Schuch, F., & Firth, J. (2018). Physical
activity and mental health. Lancet Psychiatry, 5(11), 873. https://doi.org/10.1016/S2215-
0366(18)30343-2

Thabane, L., Hopewell, S., Lancaster, G. A., Bond, C. M., Coleman, C. L., Campbell, M. J., &
Eldridge, S. M. (2016). Methods and processes for development of a CONSORT extension
for reporting pilot randomized controlled trials. Pilot and Feasibility Studies, 2, Article 25.
https://doi.org/10.1186/s40814-016-0065-z

Thabane, L., Ma, J., Chu, R., Cheng, J., Ismaila, A., Rios, L. P., Robson, R., Thabane, M.,
Giangregorio, L., & Goldsmith, C. H. (2010). A tutorial on pilot studies: the what, why and
how. Central Medical Research Methodology, 10, Article 1. https://doi.org/10.1186/1471-
2288-10-1

Thiel, C., Gunther, L., Osterhoff, A., Sommer, S., & Grlineberg, C. (2022). Feasibility of
smartphone-supported, combined physical and cognitive activities in the neighbourhood for
stimulating social participation of the elderly. BioMed Central Geriatrics, 22(1), Article 629.
https://doi.org/10.1186/s12877-022-03303-0

95



Tomioka, K., Kurumatani, N., & Hosoi, H. (2017). Association between social participation and
3-year change in instrumental activities of daily living in community-dwelling elderly adults.
Journal of the American Geriatrics Society, 65(1), 107-113.
https://doi.org/10.1111/jgs.14447

Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K., Colquhoun, H., Kastner, M., Levac, D., Ng, C.,
Sharpe, J. P., Wilson, K., Kenny, M., Warren, R., Wilson, C., Stelfox, H. T., & Straus, S. E.
(2016). A scoping review on the conduct and reporting of scoping reviews. BioMed Central
Medical Research Methodology, 16, Article 15. https://doi.org/10.1186/s12874-016-0116-4

Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., Moher, D., Peters,
M. D. J., Horsley, T., Weeks, L., Hempel, S., Akl, E. A., Chang, C., McGowan, J., Stewart,
L., Hartling, L., Aldcroft, A., Wilson, M. G., Garritty, C., . . . Straus, S. E. (2018). PRISMA
Extension for Scoping Reviews (PRISMA-ScR): Checklist and explanation. Annals of Inter-
nal Medicine, 169(7), 467-473. https://doi.org/10.7326/m18-0850

Trompette, J., Kivits, J., Minary, L., & Alla, F. (2020). Dimensions of the complexity of health
interventions: What are we talking about? A review. International Journal of Environmental
Research and Public Health, 17(9), Article 3069. https://doi.org/10.3390/ijerph17093069

Tu,R. T., Hsieh, P., & Feng, W. T. (2018). Walking for fun or for "likes"? The impacts of different
gamification orientations of fitness apps on consumers' physical activities. Sport Manage-
ment Review, 22(5), 682-693. https://doi.org/10.1016/j.smr.2018.10.005

U.S. Department of Health and Human Services. (1996). Physical activity and health: A report
of the surgeon general. https://www.cdc.gov/nccdphp/sgr/pdf/sgrfull.pdf

Van Acker, R., De Bourdeaudhuij, I., De Cocker, K., Klesges, L. M., & Cardon, G. (2011). The
impact of disseminating the whole-community project '10,000 Steps': A RE-AIM analysis.
BioMed Central Public Health, 11, Article 3. https://doi.org/10.1186/1471-2458-11-3

Vandenberghe, D., & Albrecht, J. (2020). The financial burden of non-communicable diseases
in the European Union: A systematic review. European Journal of Public Health, 30(4), 833-
839. https://doi.org/10.1093/eurpub/ckz073

Van Deursen, A. J. A. M., & Helsper, E. J. (2015). The third-level digital divide: who benefits
most from being online? In L. Robinson, S. R. Cotten, J. Schulz, T. M. Hale, & A. Williams
(Eds.), Communication and information technologies annual (Studies in media and commu-
nications; Vol. 10). Emerald Group Publishing Limited. https://doi.org/10.1108/S2050-
206020150000010002

96



Van Deursen, A. J. A. M., Van Dijk, J.A.G.M. (2014). The digital divide shifts to differences in
usage. New Media & Society, 16(3), 507-526.
https://doi.org/http://dx.doi.org/10.1177/1461444813487959

Van Dyck, D., D'Haese, S., Plaete, J., De Bourdeaudhuij, I., Deforche, B., & Cardon, G. (2019).
Opinions towards physical activity interventions using Facebook or text messaging: Focus
group interviews with vocational school-aged adolescents. Health & Social Care in the Com-
munity, 27(3), 654-664. https://doi.org/10.1111/hsc.12679

Viswanath, K., & Kreuter, M. W. (2007). Health disparities, communication inequalities, and
eHealth. American Journal of Preventive Medicine, 32(5 Suppl), 131-133.
https://doi.org/10.1016/j.amepre.2007.02.012

Vitak, J., & Ellison, N. B. (2013). ‘There’s a network out there you might as well tap’: Exploring
the benefits of and barriers to exchanging informational and support-based resources on
Facebook. New Media & Society 15(2), 243-259. https://doi.org/
10.1177/1461444812451566

von EIm, E., Schreiber, G., & Haupt, C. C. (2019). Methodische Anleitung fir Scoping Reviews
(JBI-Methodologie). Zeitschrift fiir Evidenz, Fortbildung und Qualitdt im Gesundheitswesen,
143, 1-7. https://doi.org/10.1016/j.zefq.2019.05.004

Wahid, A., Manek, N., Nichols, M., Kelly, P., Foster, C., Webster, P., Kaur, A., Friedemann
Smith, C., Wilkins, E., Rayner, M., Roberts, N., & Scarborough, P. (2016). Quantifying the
association between physical activity and cardiovascular disease and diabetes: A system-
atic review and meta-analysis. Journal of the American Heart Association Cardiovascular
and Cerebrovascular Disease, 5(9), Article €002495.
https://doi.org/10.1161/JAHA.115.002495

Wang, C. K., Liu, W. C., Lochbaum, M. R., & Stevenson, S. J. (2009). Sport ability beliefs, 2 x
2 achievement goals, and intrinsic motivation: the moderating role of perceived competence
in sport and exercise. Research Quarterly for Exercise and Sport, 80(2), 303-312.
https://doi.org/10.1080/02701367.2009.10599565

Wang, F. F., & Boros, S. (2021). The effect of physical activity on sleep quality: A systematic
review. European Journal of Physiotherapy, 23(1), 11-18.
https://doi.org/10.1080/21679169.2019.1623314

Wei, K. K., Teo, H. H., Chan, H. C., & Tan, B. C. Y. (2011). Conceptualizing and testing a
social cognitive model of the digital divide. Information Systems Research 22(1), 170-187.
https://doi.org/10.1287/isre.1090.0273

97



Weitz, T. A., Freund, K. M., & Wright, L. (2001). Identifying and caring for underserved popu-
lations: Experience of the national centers of excellence in women's health. Journal of Wom-
en's Health & Gender Based Medicine, 10(10), 937-952.
https://doi.org/https://doi.org/10.1089/152460901317193521

Western, M. J., Armstrong, M. E. G., Islam, |., Morgan, K., Jones, U. F., & Kelson, M. J. (2021).
The effectiveness of digital interventions for increasing physical activity in individuals of low
socioeconomic status: a systematic review and meta-analysis. The International Journal of
Behavioral Nutrition and Physical Activity, 18(1), Article 148.
https://doi.org/10.1186/s12966-021-01218-4

World Health Organization. (2018). Global action plan on physical activity 2018—-2030: More
active people for a healthier world. https://apps.who.int/iris/bitstream/han-
dle/10665/272722/9789241514187-eng.pdf?ua=1

World Health Organization. (2019). Risk Reduction of Cognitive Decline and Dementia: WHO
Guidelines. World Health Organization. https://www.who.int/publica-
tions/i/item/978924 1550543

World Health Organization. (2020). WHO guidelines on physical activity and sedentary behav-
iour. https://apps.who.int/iris/rest/bitstreams/1315866/retrieve

World Health Organization. (2021). Premature deaths due to noncommunicable diseases
(NCD) as a proportion of all NCD deaths. https://www.who.int/data/gho/data/indicators/indi-
cator-details/GHO/ncd-deaths-under-age-70-(percent-of-all-ncd-deaths)

World Medical Association. (2013, November 27). Declaration of Helsinki Ethical Principles for
Medical Research Involving Human Subjects. https://www.wma.net/what-we-do/medical-

ethics/declaration-of-helsinki/

Zimmer, C., McDonough, M. H., Hewson, J., Toohey, A., Din, C., Crocker, P. R. E., & Bennett,
E. V. (2021). Experiences with social participation in group physical activity programs for
older adults. Journal of Sport & Exercise Psychology, 43(4), 335-344.
https://doi.org/10.1123/jsep.2020-0335

Zubala, A., MacGillivray, S., Frost, H., Kroll, T., Skelton, D. A., Gavine, A., Gray, N. M., Toma,
M., & Morris, J. (2017). Promotion of physical activity interventions for community dwelling
older adults: A systematic review of reviews. PLoS One, 12(7), Article e0180902.
https://doi.org/10.1371/journal.pone.018090

98



Acknowledgement (Danksagung)

An dieser Stelle mdchte ich mich bei allen Personen bedanken, die mich auf diesem Weg
begleitet und unterstitzt haben. Besonders bedanken mdchte ich mich bei meiner Betreuerin
Frau Prof. Dr. Claudia Pischke, die mir das Vertrauen geschenkt und den Freiraum gegeben
hat, mich in dieser Promotion zu verwirklichen. Danke, fir die miihevolle Unterstitzung, die
Geduld und den wertvollen Rat wahrend der gesamten Zeit. Ebenso moéchte ich mich bei Frau
Prof. Dr. Andrea Icks bedanken flur das Interesse an meiner Arbeit und Ihre Unterstitzung als

Zweitbetreuerin.

Weiterer Dank gebuhrt meinen Kolleginnen und Kollegen aus der Sektion Public Health und
dem Weiterbildungsstudiengang Public Health, die alle zur Erstellung dieser Dissertation bei-
getragen haben. Ganz besonders Sarah Schleberger, die mir als Ko-Autorin in zwei Publikati-
onen zur Seite stand und das Literaturverzeichnis dieser Dissertation erstellt hat. Bei Herrn
Prof. Nico Dragano und meinen Kolleginnen und Kollegen aus dem Institut fir Medizinische
Soziologie mdchte ich mich fir die herzliche Aufnahme ins Team und den konstruktiven Aus-
tausch bedanken. Des Weiteren mochte ich mich bei Herrn Prof. Dr. Christian Thiel, Herrn
Prof. Dr. Christian Griineberg und Herrn Prof. Dr. Sascha Sommer fiir die Ko-Autorenschaft
und die Zusammenarbeit in dem Projekt ,Quartier agil — aktiv vor Ort“ bedanken. Ein grof3er

Dank gilt Anke Osterhoff, fur ihre Hilfe als Ko-Autorin und Kollegin in diesem Projekt.

Von ganzem Herzen méchte ich meiner Familie und meinen Freunden danken. Ich danke mei-
ner Mama, Ines Gulinther-Steinmetz flr ihre bedingungslose Liebe und das sie mir alles ermdg-
licht. Ohne dich héatte ich das nicht geschafft! Ich danke meinem Vize-Papa Peter Steinmetz,
kaum jemand gibt mir so viel Rickhalt und in hilft mir in sdmtlichen Lebenslagen. Ich danke
meinem Papa, Uwe Glnther, fir seinen Glauben an mich sowie meiner Vize-Mama, Ute Schie-
mann, fur ihr offenes Ohr und ihre bestarkenden Worte. Aullerdem danke ich meinen Grof3el-
tern, Birgit und Roland Dressler sowie Inge und Horst Bauer, die mir eine unbeschwerte Kind-
heit, Jugend und Studienzeit ermdglicht haben. Ich danke allen meinen Freunden, sie haben

auf mich verzichtet, meine Tranen getrocknet, mich zum Lachen gebracht, mit mir getanzt, mir



zugehort, mit mir Schokolade gegessen und waren einfach nur da. Ein groRer Dank gebuhrt
Wiebke Meinert firr die Uberpriifung der Zitationen und Dr. Anthony Bunker fiir das Korrektur-

lesen dieser Arbeit.

"Gratitude is the memory of the heart” ~ Jean-Baptiste Massieu



