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Abstract
Background: A decline in physical functioning can result in a loss of independence, particularly in older adults. Information
and communications technologies supporting physical activity, such as fitness apps, are perceived as promising tools to
increase activity levels. However, only little is known about fitness apps’ impact on older people’s abilities and skills to
accomplish activities of daily living.
Objective: In this study, we aimed to investigate whether a newly developed app-based physical activity program improves
self-perceived physical functioning or at least prevents a functional decline in older adults.
Methods: We targeted older adults in their early years of retirement and conducted a randomized waitlist-controlled trial
in Austria. The app-based program was received by the intervention group (IG) for a period of 14 weeks first; afterwards,
the IG handed over the devices to the control group (CG). Both groups had 3 appointments with a fitness coach. The app
comprised 3 functions, a multicomponent fitness exercise program, recommendations for outdoor activities, and e-learning
courses. Self-perceived physical functioning was measured by 4 common daily life activities rated on 6-point scales. Data were
collected through online surveys at 3 time points, 8 weeks before intervention start (t-1), at intervention start (t0), and 14 weeks
later at the end of the intervention (t1). We estimated generalized linear mixed models and derived average marginal effects.
The effects are presented as differences in percentage points resulting from differences in estimated probabilities between
groups before and after the intervention.
Results: A total of 219 participants between 60 and 72 years, 96 in the IG and 123 in the CG, were analyzed. The intervention
significantly increased the self-perceived abilities of “climb up stairs and carry something” (odds ratio [OR] 2.67, 95% CI
1.37-5.18; P=.004) and of “lift and carry groceries” (OR 1.99, 95% CI 1.02-3.89; P=.04). On the contrary, no significant
impact on the ability to “walk 1 km” (OR 1.91, 95% CI 0.85-4.30; P=.12) and “stretch to the toes” (OR 1.31, 95% CI
0.62-2.76; P=.48) was found. The probability of rating “climb up stairs and carry something” as “very easy” increased by 8.8
percentage points (95% CI 2.6-14.9; P=.005) and “lift and carry groceries” by 7.9 percentage points (95% CI 0.5-15.3; P=.04).
Predicted probabilities showed that outcomes improved in the IG and remained unchanged in the CG.
Conclusions: Although the fitness app was designed as a multicomponent program, it supported only selected capabilities
relevant for independent living. The app-based physical activity program increased self-perceived physical functioning related
to strength, endurance, and balance, but not to flexibility. This highlights a clear need for future apps and research to focus on
all relevant areas, including flexibility and mobility, which are crucial for fully maintaining independence in older adults.
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Introduction
Physical functioning is key for independent living and affects
quality of life in older adults [1,2], as well as personal
networks and health care systems [3]. Mobility and autonomy
are among the most important domains determining quality of
life in older adults [4]. Independent older adults require less
support by kin and nonkin. Thus, family and other members
of the personal network might be exposed to less mental
stress and need less financial and time efforts, for example,
for informal care and caring costs. As health care systems
face challenges in terms of increasing health care costs and
decreasing workforce in aging populations [5], longer periods
of independent living would contribute to better reallocating
scarce resources to those needing them most. Thus, physical
functioning is relevant for independent living and support
“successful aging” and “aging in place.”

“Successful aging” [6,7] and “aging in place” [8,9] build
on the maintenance of physical independence. “Successful
aging” focuses on the quality of aging and comprises several
dimensions, whereby a distinction is made between biomedi-
cal aspects (eg, physical functioning) and psychosocial factors
(eg, actively engaged in life) [10]. These aspects and factors
also describe conditions for “aging in place” that, generally,
refer to the objective of remaining in one’s own home and
maintaining some level of independence and autonomy [8].
Both concepts stress the importance of physical functioning
that was found to decline faster than psychological and social
well-being [11].

In the last decade, innovations in information and
communications technology (ICT) have opened new
opportunities to support “successful aging” and “aging
in place.” ICT-supported physical activity programs were
effective in increasing physical activity levels [3,9,12,13] and
are known for their impact on physical independence at an
early stage of aging [14]. Compared with non–ICT-based
interventions, ICT-based interventions have several advan-
tages. They can be easily accessed at any time and place and
more conveniently integrated into daily life routine [15]. In
addition, with comparatively low effort, an unlimited number
of people can be reached [16]. Thus, ICT is a promising
way to deliver physical activity programs to a broad range
of community-dwelling older adults, as supported by reviews
[17-20] and were also effective in preventing physical health
declines in older adults during isolation periods [21].

So far, only a few studies have investigated the impact of
an ICT-based intervention directly on physical functioning in
older adults, and less have considered self-perceived physical
functioning and its implication for coping with situations
in daily life. Studies reported significant improvements in
strength, endurance, and balance [22], skeletal muscle mass
[23], gait [24], and strength and flexibility [25]. Hence,
this evidence referred to objectively measured domains of
physical functioning (eg, the 30 seconds Chair-Rise Test).

Also, the impact of the app-based fitness program assessed in
this paper was already evaluated using objectively meas-
ured physical functioning in previous research, showing
a significant improvement in strength and flexibility for
a subsample of female participants [25]. The restriction
to female participants resulted from a lack of objectively
measured data. However, there are hardly any insights into
the impact of these technologies on how well users per-
ceive themselves to be able to cope with common everyday
activities [26-29].

In the context of daily life situations, solely objectively
measured physical functioning might not be able to predict
whether older adults perceive themselves as able to carry
out activities, as the belief in one’s own ability reflects
the confidence to perform certain activities, also denoted
as self-efficacy [30]. Self-efficacy is the main construct of
the social cognitive theory and is decisive whether people
engage in activities or not [31]. Studies show that self-effi-
cacy affects physical activity behavior and is mentioned to
facilitate the maintenance of fitness exercises [32-34]. In
particular, ICT-based interventions offer the opportunity to
address self-efficacy by promoting the health benefits of
physical activity (eg, via SMS text message or direct prompts
in the app), additional to a physical activity program [35].
At the same time, self-efficacy can be increased by phys-
ical activity and is expected to improve physical perform-
ance in older adults [33]. The investigation of self-perceived
physical functioning includes self-efficacy beliefs. Thus,
studies investigating the impact of ICT-based physical
activity programs on self-perceived physical functioning and,
consequently, physical independence in daily life situations in
older adults are needed but still missing.

In this study, we thus investigated the impact of a newly
developed app-based physical activity program on self-per-
ceived physical functioning in older adults in their early
years of retirement. This group of older adults was expec-
ted to benefit largely from the preventive character of the
intervention on functional decline and to be at least some-
what tech-savvy, which facilitates operating apps. As the
intervention addressed self-efficacy by tailoring the app-based
program to the needs and expectations of the target group
[36], we assessed the effectiveness of the fitness app on the
users’ self-perceived abilities to perform selected activities
of daily living. People’s perceptions of changes in their
performance may support them in taking control of their
health and fitness.

Methods
Framework for the Analysis and
Hypotheses
Figure 1 illustrates the rationale for the expected impact of
the ICT-based physical activity program on self-perceived
physical functioning in daily life situations adapted from
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Jones and Rikli [37]. The multicomponent app-based physical
activity program was developed to improve domains of
physical fitness which can support users in conducting
activities of daily living. The outcomes measured thus
represent common daily activities that are important for

independent living [28]. “Climb up stairs and carry some-
thing” and “lift and carry groceries” are common activities
that require strength, endurance, and balance. “Walk 1 km”
requires strength, endurance, and balance. “Stretch to the
toes” (eg, to tie shoelaces) requires balance and flexibility.

Figure 1. Impact model for the app-based physical activity program on physical functioning (Source: Screenshot - ILSE App, M.I.T e-Solutions
GmbH, Reprinted with permission and faces blurred for publication; conceptual model by the authors).

To expect any effects, a reasonable take-up of a program
is required. The take-up of the newly developed multicom-
ponent app-based fitness program was reported to be good,
with 70% (37/52) of the participants using the app-based
program at least once a week and 25% (13/52) using it 4
times per week or more often [25,30]. We thus expected the
app-based program to affect self-perceived physical function-
ing in daily life situations. It was therefore hypothesized
that if the app-based fitness program supports older people’s
physical functioning, the intervention will be reflected in
participants’ perceptions to increased or prevented decline in
abilities to “climb up stairs and carry something” (hypothesis
1), “to lift and carry groceries” (hypothesis 2), to “walk 1 km”
(hypothesis 3), and to “stretch to the toes” (hypothesis 4).
Study Design
We conducted a randomized waitlist-controlled trial with
2 groups, an intervention group (IG) and a control group
(CG) in 2 Austrian provinces, Vienna and Salzburg. The IG
received the newly developed fitness app provided on a tablet
and a 3D camera and a fitness tracker paired with the app.
The IG had 3 individual meetings with a fitness coach for
a period of 14 weeks. The CG was put on a waitlist, which
means they did not receive any technology at the same time
as the IG but also had 3 individual meetings with a fitness
coach. For both groups, these appointments aimed to assess
objectively measured physical functioning and for the IG to
distribute and explain the technological equipment. After the
IG had completed the intervention period, the CG participants
were equipped with the app-based fitness program and had
access to another 3 appointments with their fitness coach. As
both groups had 3 appointments with a fitness coach in the
main trial period, this design allowed us to single out the
effect of the fitness app component.

The fitness app program was developed for older adults in
their early years of retirement. We targeted pensioners in 2
Austrian provinces who had been receiving old age pension
between 3 and 6 years. On behalf of the research team, the
Austrian Social Pension Insurance Agency sent out invitation
letters to 10,000 randomly selected pensioners in the targeted
population in 2018. The letters contained information on the
research project, the app-based physical activity program, and
an instruction on how to enroll for the free trial period of
the program. Eligibility was assessed after enrollment to the
program. People enrolling in this program were excluded if
they reported severe functional limitations or disability (eg,
using a wheelchair) or were already very active (eg, physical
activities at least 5 times a week) or already had a fitness
coach.

Using Stata 15’s (StataCorp) [38] random number
function, we randomly allocated subscribers meeting all
criteria to the IG and CG and sent information emails to
participants in both groups. CG participants were informed
that they were put on a waiting list to use the app-based
fitness program about 6 months later but to already be eligible
to meet the fitness coach. The CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
Mobile Health Applications and Online Telehealth) checklist
is reported in Checklist 1.

Data Collection
For the effectiveness analysis, we collected data using a
1-time and a repeated questionnaire. All questionnaires were
created with LimeSurvey 2.73 (Carsten Schmitz & LimeSur-
vey Team) [39]. The 1-time questionnaire was implemented
in the registration form for the project available on the
website. The registration form was only accessible from
October to December 2018 by using the code on the invitation
letter. Data from this questionnaire were used to assess
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eligibility, for sample description, and as covariates of the
models.

Repeated questionnaires were used to measure the impact
of the intervention on certain outcomes. It was sent to
participants at 3 time points, in February 2019 after the
allocation into IG and CG (t–1), 8 weeks later at the interven-
tion start (t0), and 14 weeks later at the end of the intervention
(t1). The questionnaires had to be completed before meeting
the fitness coach. Participants who did not complete the trial
were asked to fill in the questionnaires to enable an intention-
to-treat analysis.

An approximated a priori sample size calculation using
GPower v3.1.9.2 [40] for a comparison of 2 groups with
7 covariates resulted in a total sample size of at least 210
participants to achieve a power of 95% with an error type 1
probability of 0.05 for a medium effect size of 0.25 [41].
Intervention Characteristics
The intervention comprised a newly developed fitness app
provided on 2 devices, a tablet (Samsung Galaxy Tab A) and
a 3D camera (Orbbec Persee) that could be mounted on a
television or PC monitor and an activity tracker (Samsung
Gear Fit 2 Pro) paired with the app but with no further
modifications. We used hardware components available on
the market and developed new software to adjust the app-
based fitness program to the needs of the target group. The
development of the app followed a user-centered design
approach, by involving 12 key users in the age group of the
target population [36]. In addition, we followed the recom-
mendations by Chase [42] and Harrington et al [43] on the
development of ICT-based physical activity interventions for
older adults to ensure that designs, such as font size and
functions, were adequate for the target group. Usability and
user experience were assessed after the trial and showed that,

in general, most participants rated their tech-savviness as
moderate and about 80% (64/78) of the participants men-
tioned that learning to use the app requires low effort and
the app is easy to use [44].

The fitness app comprised 3 functions tailored to the
needs of older adults and was provided on a tablet for
all participants in the IG. The first and main function was
a new multicomponent fitness exercise program developed
by sport scientists with daily changing fitness exercises
customized to people older than 60 years. As Figure 2
illustrates, fitness exercises were demonstrated in short video
clips supplemented by written explanations. Video models
were chosen from the target group to enhance self-efficacy
beliefs. The name of the exercise was displayed on the top
of the screen, while the progress of a session was displayed
underneath the video. Progress circles represented exercises
divided into 3 phases denoted as “warm-up,” “main part,”
and “cooldown.” Accordingly, the screenshot in Figure 2
on the left-hand side shows a “warm-up” exercise, which
has to be repeated 12 times, the screenshot on the right-
hand side represents an exercise of the main part, which
has to be conducted for a duration of 40 seconds. The 3
phases addressed different physical abilities. Exercises in
the warm-up section (eg, marching in place) referred to
endurance. The main part consisted of mixed exercises for
strength (eg, chair squats) and balance (eg, uni-pedal stance),
and exercises in the cooldown section addressed flexibility
(eg, hip flexor stretch). Participants received fitness exercises
according to their fitness level assessed by a fitness coach at
the 3 points in time. Within their level, each participant could
choose between a 10-, 20-, and 30-minute exercise session.
An in-depth explanation of the whole fitness program was
published by Jungreitmayr et al [25].

Figure 2. Fitness app user interface of exercise program (2 sample exercises) (Source: Screenshots of the fitness app, © M.I.T e-Solutions GmbH,
Reprinted with permission and faces blurred for publication).

The second function of the app-based fitness program offered
access to an implemented well-known app for outdoor
activities available in app stores [45]. The user interface was
modified to allow a more convenient search for walking or
cycling suggestions on tablets. The third function offered

more than 20 e-learning courses with fitness-related topics
referring to physical activities, motivation, stress manage-
ment, and relaxation. This function was implemented to
highlight the importance of physical activity, to improve
self-efficacy, and to give further recommendations for a
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healthy lifestyle. In addition to these functions, the app
featured an activity summary (eg, the number of completed
fitness exercises, steps, and e-learning courses) on a daily and
weekly basis and included weekly rewards as virtual trophies.
Measures

Outcome Measures
Self-perceived physical functioning was measured by 3 items
taken from the composite physical function (CPF) scale by
Rikli and Jones [28]. The CPF scale measures the ability
to perform common daily life activities to maintain independ-
ence. We selected the following items of the CPF scale as
most appropriate to assess an impact of the multicomponent
fitness exercises program on our target group: “climb up and
down a flight of stairs,” “lift and carry 10 pounds,” and “walk
1/2 mile.” The rationale was to choose items that reflect some
difficulty, since the participants were expected to be rather
independent. We translated questions and response options
into German and validated them through cognitive interviews
[46] with key users. The results of cognitive interviews
suggested slightly changing the wording to increase the
appropriateness of the items for the target group and to
add examples to enable a better imagination of the activity.
Hence, for our target group, we used “climb up stairs and
carry something” (refer to hypothesis 1) and asked respond-
ents to imagine carrying a full laundry basket or a box of
empty bottles, “lift and carry groceries” (refer to hypothesis
2) was supported by the hint to imagine carrying a full bag
of groceries for about 250 meters and “walk 1 km” (refer to
hypothesis 3) with the hint that this equals a walk of about
15 minutes. To measure abilities of daily living that require
flexibility, we selected “stretch to the toes” (refer to hypothe-
sis 4) and asked respondents to imagine tying the shoelaces.
In addition, this item served as a subjective equivalent to
the Toe-Touch Test, which is known for its assessment of
flexibility [47].

All 4 items were measured on a 6-point scale to fine-grade
the response options and to enable measuring changes at a
lower level compared with the original scale that offers only
3 response options, indicating the level of help needed. As
our target group was much more capable, we used a scale
to capture the degree of difficulty of performing the tasks.
The scale selected ranged from “very difficult” (1) to “very
easy” (6), while outcome levels between end points were not
labeled, also known as end labeling with numerical values.
In addition, we offered the option “I don’t do that,” which
was considered as missing value in the analyses. We did not
offer a neutral response option to encourage respondents to
decide whether this task is (very or somewhat) easy or (very
or somewhat) difficult for them. To facilitate interpretation of
the results, the six outcome levels were labeled as follows: (1)
“very difficult,” (2) “difficult,” (3) “somewhat difficult,” (4)
“somewhat easy,” (5) “easy,” and (6) “very easy.”

Covariates
We adjusted the estimated effect size by age, sex, education,
health, and previous physical activity, since these factors
are known to potentially affect physical activity behavior
[48-53]. We used age as a metric variable and coded men “0”
and women “1.” We classified education on 5 levels based
on the International Standard Classification of Education
2011 (ISCED 2011): “up to lower secondary education”
(ISCED 0 to 2) (0), “upper secondary education” (ISCED 3)
(1), “post-secondary education” (ISCED 4) (2), “short-cycle
tertiary education” (ISCED 5) (3), and “bachelor’s degree
or higher” (ISCED 6 to 8) (4). Self-rated health status was
measured by the German translation of the 36-Item Short
Form Health Survey [54] on a 6-point scale ranging from 0,
the worst, to 5, the best possible health status and treated
as metric. Participants were asked to report their number
of physical activities at the registration questionnaire on the
following scale, “never” (0), “less than once a week” (1),
“1‐2 times a week” (2), and “3‐4 times a week” (3). In
addition, we included a dummy for the 2 Austrian provin-
ces, with “0” for Vienna and “1” for Salzburg. Participants
were asked to inform about their household size by integer
numbers. Self-rated health status was the only time-varying
covariate; all other covariates were time-invariant.
Statistical Analysis
To estimate the intention-to-treat effect, we estimated ordinal
mixed logit models with individual-specific random intercepts
to account for repeated responses by participants. In these
models, the treatment effect of the ICT-based intervention
on physical functioning outcomes is estimated by including
an interaction term of a dummy variable that indicates the
IG (1) and CG (0) and a dummy variable for period of
data collection, that is, before (0) and after (1) the inter-
vention. This method considers preintervention differences
that are, generally, assumed to be random within a random-
ized controlled trial [55], but nevertheless, might bias the
estimated effect size [56]. Thus, we additionally added
covariates capturing sociodemographic differences and health
and physical activity levels at enrollment to our model to
increase precision of estimates [57].

According to the nature of ordinal outcome data and
estimated models, we derived average marginal effects to
report on the differences in probabilities between groups and
time. The results are presented as percentage points indicat-
ing whether an outcome level is expected to increase or
decrease [58]. These average marginal effects are illustrated
in Figure 3D. Estimation results denoted as “pre” represent
the estimated average probability of both preintervention
periods without intervention (t–1 and t0) and “post” refers to
the estimated probability after the intervention (t1).
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Figure 3. Average marginal effects for each outcome between IG and CG (Source: own calculations). Note: error bars represent 95% CIs in all
figures; in (A) and (B) statistically nonsignificant outcome levels are not shown for better visualization of the significant effects and in (C) and (D)
statistically nonsignificant outcome levels are represented in gray and symbols other than circles.

To investigate the origin of the effect—if effects resulted
from an increase in the IG or from a decline in the CG—we
present predicted probabilities for each outcome level before
and after the intervention for the outcome levels. A signifi-
cant difference between groups is interpreted as a change in
an ability to perform specific activities of daily living and,
consequently, as an impact on physical functioning.

Before our analyses, we conducted Little’s Missing
Completely at Random test to examine missing data [59].
Test statistics confirm that missing values can be treated as
missing completely at random. Furthermore, we collapsed
outcome levels with a low number of observations into an
adjoining category to reduce Type I error probability [60].
We used Stata 17 [61] for all calculations and considered a P
value lower than .05 as statistically significant.
Ethical Considerations
The study design was approved by the Ethics Commission in
Salzburg (form “EK-GZ:09/2018”). All participants signed an
informed consent upon enrollment and were informed about
their rights, data use, and who to contact in case there are any
questions. Participants could terminate their involvement at
any time without providing a reason. The data were processed
exclusively by project staff and must not be disclosed to third
parties. All persons working on the fit4AAL project were
subject to confidentiality obligations. Data were collected,

stored, and analyzed in accordance with the General Data
Protection Regulation (GDPR). Participation in the waiting-
list group was compensated. Participants received a shopping
voucher as an incentive for waiting. Furthermore, the study
was conducted under consideration of the World Medical
Association Declaration of Helsinki.

Results
Overview
Figure 4 provides information on the participant flow.
In total, 423 people subscribed to the study and were
assessed for eligibility. Of the total, 139 had to be
excluded. Furthermore, 284 participants were randomly
allocated to IG (134 participants) and to the waitlist CG
(150 participants). After 8 weeks, the intervention period
started, with 106 participants in the IG and 138 in the
CG. Participants discontinued for different reasons, such as
health issues, lack of time, or lack of interest. In total,
193 participants completed the intervention period, with
76 participants in the IG and 117 in the waitlist CG.
In addition, data from 26 participants who discontinued
intervention or waitlist were collected. Total sample size
for the analysis was 219, with 96 in the IG and 123 in the
waitlist CG indicating sufficient statistical power.
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Figure 4. Participant flow adjusted to the CONSORT (Consolidated Standards of Reporting Trials) flow chart. ITT: intention-to-treat.

Sample Description
Table 1 summarizes the sample descriptive data at baseline.
Participant characteristics were equally distributed between
IG and CG. The study samples consisted of rather highly

educated adults between 60 and 72 years. About 60% (57/96
and 78/123) of participants in each group reported being
physically active at least 1‐2 times a week and rated their
health status on average in the upper half.

Table 1. Baseline characteristics of the participants (source: own calculations).
Characteristic Intervention group (n=96)a Control group (n=123) P value
Age (y)     .82
  Mean (SD) 65.5 (2.5) 65.4 (2.3)   
  Minimum-maximum 60-72 62-71   
Sex, n (%)     .77
  Female 75 (78.0) 94 (76.4)   
  Male 21 (22.0) 29 (23.6)   
Education (ISCEDb), n (%)     .58
  Lower secondary (0‐2) 14 (15.0) 23 (18.7)   
  Upper secondary (3) 24 (25.0) 20 (16.3)   
  Postsecondary (4) 26 (27.0) 34 (27.6)   
  Short-cycle tertiary (5) 9 (9.0) 14 (11.4)   
  Bachelor’s degree or higher (6-8) 22 (23.0) 30 (24.4)   
  Unknown or missing 1 (1.0) 2 (1.6)   
Region, n (%)     .45
  Vienna 45 (47.0) 68 (52.7)   
  Salzburg 51 (53.0) 61 (47.3)   
Household size     .80
  Mean (SD) 1.8 (0.6) 1.9 (0.8)   
  Minimum-maximum 1-4 1-5   
Physically active, n (%)     .05
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Characteristic Intervention group (n=96)a Control group (n=123) P value
  Never 9 (9.0) 27 (22)   
  Less than once a week 16 (17.0) 18 (14.6)   
  1‐2 times a week 52 (54.0) 50 (40.7)   
  3‐4 times a week 19 (20.0) 28 (22.8)   
Health status     .29
  Mean (SD) 3.3 (0.6) 3.1 (0.6)   
  Minimum-maximum 2-5 1-5   

aNumbers may not sum up to 100% due to rounding.
bISCED: International Standard Classification of Education.

Outcome Indicators at Baseline
Table 2 shows the initial levels for each investigated physical
functioning item before intervention. The numbers show that
more than 60% of each group chose a response referring to
rate an activity at least as “easy.” The first indicator, “climb
up stairs and carry something,” was mostly assessed as being

“easy” equal to “lift and carry groceries.” “Walk 1 km” and
“stretching to the toes” were rated mostly as “very easy.”
All 4 items contained outcome levels with less than 5%
of all responses. Thus, we collapsed the affected outcome
levels. Consequently, estimated treatment effects refer to the
collapsed outcome levels.

Table 2. Outcome measures at baseline (source: own calculations).
Activity and response Intervention group (n=96), n (%)a Control group (n=123), n (%) P value
Climb up stairs and carry something .34
  Difficult 10 (11.0) 16 (13.7)   
  Somewhat difficult 10 (11.0) 11 (9.4)   
  Somewhat easy 17 (18.0) 31 (26.5)   
  Easy 42 (44.0) 37 (31.6)   
  Very easy 16 (17.0) 22 (18.8)   
Lift and carry groceries     .08
  Difficult and somewhat difficult 13 (14.0) 20 (16.8)   
  Somewhat easy 11 (12.0) 29 (24.4)   
  Easy 44 (47.0) 43 (36.1)   
  Very easy 26 (28.0) 27 (22.7)   
Walk 1 km     .09
  Difficult and somewhat difficult 7 (7.0) 17 (13.8)   
  Somewhat easy 7 (7.0) 15 (12.2)   
  Easy 22 (23.0) 34 (27.6)   
  Very easy 60 (63.0) 57 (46.3)   
Stretch to the toes     .67
  Difficult and somewhat difficult 14 (15.0) 19 (15.5)   
  Somewhat easy 8 (8.0) 14 (11.4)   
  Easy 30 (31.0) 30 (24.4)   
  Very easy 44 (46.0) 60 (48.8)   

aNumbers may not sum up to 100% due to rounding.

Model Results

Climb Up Stairs and Carry Something
The app-based physical activity intervention significantly
increased the self-perceived ability to climb up stairs and
carry something (odds ratio [OR] 2.67, 95% CI 1.37-5.18;
P=.004, hypothesis 1 confirmed; Table 3).
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As Figure 3A shows, after the intervention, the probability of
rating this activity as “very easy” increased by 8.8 percentage
points (95% CI 2.6-14.9; P=.005) in the IG compared with
the CG, and decreased for “somewhat easy” by 3.4 percent-
age points (95% CI −5.9 to −0.9; P=.008), for “somewhat
difficult” by 3.7 percentage points (95% CI −6.4 to −1.0;
P=.007), and for “difficult” by 3.6 percentage points (95% CI
−6.9 to −0.2; P=.04). No significant change was estimated for
the response category “easy” (95% CI −1.5 to 5.4; P=.27).

Predicted probabilities in Table 4 showed that in the IG,
the estimated probability for rating the activity as “very easy”

increased from 14% to 27.6% and decreased for “somewhat
easy” from 22.1% to 17.1%, for “somewhat difficult” from
15.6% to 9.2%, and for “difficult” from 12.3% to 5.1%.
At the same time, in the CG, the probability for “very
easy” increased to a lesser extent from 13.6% to 18.5%, and
decreased for “somewhat easy” from 22.2% to 20.6%, for
“somewhat difficult” from 15.8% to 13.1%, and for “diffi-
cult” from 12.6% to 8.9%.

Table 4. Average marginal effects and predicted probabilities for each outcome for intervention group and control group (source: own calculations).

Item and outcome
level

Intervention group (n=96) Control group (n=123)
Treatment effect, percentage points
(95% CI) P value

Pre in % Post in % Pre in % Post in %
Climb up stairs and
carry something

        

  Difficult 12.3 5.1 12.6 8.9 −3.6 (–6.9 to –0.2) .04
  Somewhat difficult 15.6 9.2 15.8 13.1 −3.7 (–6.4 to –1.0) .007
  Somewhat easy 22.1 17.1 22.2 20.6 −3.4 (–5.9 to –0.9) .008
  Easy 36 41.1 35.7 38.8 1.9 (–1.5 to 5.4) .27
  Very easy 14 27.6 13.6 18.5 8.8 (2.6 to 14.9) .005
Lift and carry groceries         
  Difficult and

somewhat difficult
15.5 10 18.1 17.1 −4.5 (–9.7 to 0.8) .10

  Somewhat easy 18.9 15.3 20.4 19.9 −3.2 (–6.3 to –0.1) .04
  Easy 40.3 40.2 39.8 39.5 −0.2 (–3.2 to 2.7) .88
  Very easy 25.3 34.4 22 23.2 7.9 (0.5 to 15.3) .04
Walk 1 km         
  Difficult and

somewhat difficult
10.1 6.4 12.2 10.8 2.2 (5.8 to 1.3) .22

  Somewhat easy 11.7 8.8 13.1 12.2 −2.0 (−4.6 to –0.5) .11
  Easy 27 23.8 28.1 27.4 −2.6 (−5.6 to –0.4) .09
  Very easy 51.2 60.9 46.6 49.5 6.8 (−1.6 to 15.3) .11
Stretch to the toes         
  Difficult and

somewhat difficult
15.3 14 13.6 13.8 −1.4 (−5.4 to 2.5) .47

  Somewhat easy 12.9 12.2 12.1 12.1 −0.7 (−2.5 to 1.2) .49
  Easy 27.4 26.9 26.9 26.8 −0.5 (−2.0 to 1.0) .52
  Very easy 44.4 46.8 47.4 47.2 2.6 (−4.7 to 9.9) .48

Lift and Carry Groceries
We found a significant effect of the intervention on the
self-perceived ability to lift and carry groceries (OR 1.99,
95% CI 1.02-3.89; P=.04, hypothesis 2 confirmed; Table 3).

Figure 3B illustrates that rating this activity as “very easy”
increased by 7.9 percentage points (95% CI 0.5-15.3; P=.04)
and as “somewhat easy” decreased by 3.2 percentage points
(95% CI −6.3 to −0.1; P=.04) in the IG compared with the
CG. The average marginal effects did not significantly differ
for the outcome levels “easy” (95% CI −3.2 to 2.7; P=.88)
and “somewhat difficult” (95% CI −9.7 to 0.8; P=.10).

Table 4 shows that the category with the highest predicted
number of participants was “easy” with about 40% before and
after the intervention in both groups. Response category “very
easy” increased from 25.3% to 34.4% in the IG and remained
almost constant (from 22% to 23.2%) in the CG, while for
“somewhat easy” it decreased from 18.9% to 15.3% (IG) and
from 20.4% to 19.9% (CG), and for “somewhat difficult”
from 15.5% to 10% and from 18.1% to 17.1% in the IG and
in the CG, respectively.
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Walk 1 km
For the ability to walk 1 km, neither a significant increase nor
the prevention of a decline for the IG could be found (OR
1.91, 95% CI 0.85-4.30; P=.12, hypothesis 3 rejected; Table
3). While the share of participants choosing the outcome level
“very easy” increased from 51.2% to 60.9% in the IG and
from 46.6% to 49.5% in the CG, the share of participants
indicating to be able to perform this activity in an “easy,”
“somewhat easy,” and “somewhat difficult” way decreased as
shown in Table 4.

Stretch to the Toes
The intervention did not significantly improve the self-per-
ceived ability to stretch to the toes (OR 1.31, 95% CI
0.62-2.76; P=.48, hypothesis 4 rejected; Table 3) as predic-
ted probabilities hardly changed for any response category
(Figure 3D). It was estimated that the number of partici-
pants in both groups who chose “very easy” was about 47%
and for “easy” about 27% before and after the intervention
as reported in Table 4. Furthermore, “somewhat easy” and
“somewhat difficult” remained at estimated probabilities of
12% to 15% in both groups.

Discussion
Principal Findings
This study investigated the impact of an app-based physical
activity program on the perception of physical functioning
in older adults in their early years of retirement. Results
showed that the multicomponent fitness exercise program was
effective in terms of significantly improving the perception of
physical functioning for some activities but not for all. The
common daily activities of “climbing up stairs and carrying
something” and “lifting and carrying groceries” that refer to
the physical abilities of strength, endurance, and balance were
significantly improved by the app-based physical activity
program. On the contrary, “walk 1 km” and “stretch to
the toes” associated mainly with endurance and flexibility,
respectively, were not significantly affected by the app-based
intervention. Self-perceived abilities related to flexibility and
mobility could not be changed; although, the app-based
program was developed to offer exercises to support a range
of physical functionality including these abilities.

Previous research using objective indicators for assessing
the same app also found a significant increase in strength
for the subgroup of female participants [25]. The program’s
positive impact on objectively measured flexibility for the
subgroup of women [25], however, could not be confirmed
for the full sample—comprising women and men—when
using participants' perceptions on their ability to “stretch to
the toes.” This supports the usefulness of using both objective
and subjective indicators for gathering detailed information
on the effectiveness of interventions.

The results of the app-based fitness program—which
supported strength and endurance-related functionalities but
not those related to flexibility—could be influenced by the

design of the program or the preferences of the partici-
pants. We cannot rule out that participants were more likely
to complete exercises supporting strength than flexibility.
Flexibility exercises were part of the warm-up and cool-down
parts of the fitness program, which may be more likely to
be skipped than the main training sections. Future research
is thus encouraged to combine quantitative and qualitative
evaluation methods, including detailed usage data analysis, to
gain deeper insights into the reasons for the effects of such
programs.

This analysis adds evidence that the app-based multi-
component fitness exercise program is not only able to
increase physical activity levels [17] and to enhance strength,
endurance, and balance [23,62], but also to improve self-
perceived physical functioning which supports maintaining
physical independence. Physical independence has been
denoted as “the ultimate behavioral goal’” by Rikli and Jones
[28]. In the context of “successful aging” and “aging in
place,” digital technologies can thus not only be considered
as facilitating and monitoring technologies, but also as a
preventive measure against functional decline to preserve a
good quality of life in old age and enable aging in one’s own
home.

We expected the app-based fitness program to either
increase the participants’ abilities or at least to prevent a
decline. The program contributed to the improvement of some
self-assessed competencies. We did not observe preventing a
decline in competences in the IG, only improvements. The
main reason might be that all participants, in the IG and in the
CG, reported a high initial level of physical functioning and
a decline in the early years of retirement might be less likely
compared with older adults who have been retired for a longer
period. However, the improvement of the 2 abilities implies a
postponement of physical dependence.

Using self-reported physical functioning, items delivered
concrete insights into the perception to cope with daily life
situations as highlighted by Seidel et al [29]. In addition,
self-reported outcome measures include participants’ belief in
self-efficacy, for which it is necessary that people engage in
certain activities [30]. Our results indicate a positive impact
of the app-based physical activity program on self-efficacy
that is mentioned to be of specific importance for older
adults to engage in physical activity and to prevent functional
limitations [33].

Further strengths of the study refer to the novel app-based
physical activity program investigated by a high-quality study
design, its implementation, and the high compliance by the
participants. The impact of the intervention was investigated
by a waitlist randomized controlled trial with 219 partici-
pants, with sufficient power and a sample larger than in most
fitness app intervention studies [17].

This study has some limitations. First, the study sample
had an initial high level of physical functioning, which
could lead to ceiling effects. We observed that physically
active older people selected themselves into the study, which
implies that the study results hold for such a group and
people who are a priori interested in such programs. Thus,
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external validity is limited as the population of people who
have recently retired is expected to be more diverse, with
older adults being less physically active, implying a higher
potential to benefit from the intervention. On the other hand,
a more diverse population may also include people who
are not interested in physical activity interventions leading
to a higher dropout rate. Future studies could aim to also
involve people with more diverse levels of physical activities
and might also investigate which behavior change strategies
are necessary and most effective in convincing people to
increase their physical activity levels to improve physical
functioning. Second, waitlist control designs may impact
results [63]. We cannot rule out that inflating effects affected
our study. However, the experiences of the fitness trainers
do not point to an affected behavior of the CG, for example,
skipping physical activities while waiting for access to the
app-based program. Thus, to the best of our knowledge, the
state-of-the-art study design and its implementation resulted

in good internal validity. Third, fitness coaching was offered
for the IG and CG. Thus, our study results hold for app-based
interventions introduced by a fitness coach and combined
with a few fitness coach appointments. Finally, the interven-
tion consisted of many components; thus, we cannot single
out which of the components was particularly effective.
Conclusion
The app-based multicomponent fitness program effectively
improved self-perceived physical functioning in early retirees,
although not all aspects relevant to independent living were
enhanced. Future programs should also focus on flexibility
and mobility to better support independence. Self-reported
outcomes provided insights into self-efficacy. ICT-based
prevention programs tailored for older adults could help
maintain physical functionality and potentially reduce future
health care costs.
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