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Abstract: As physical inactivity is one of the four leading risk factors for mortality, it should be
intensively treated. Therefore, this one-year follow-up study aimed to evaluate the long-term effects
of a preventive app to increase physical activity in German adults under real-life circumstances. Data
collection took place from July 2019 to July 2021 and included six online questionnaires. Physical
activity was studied as the primary outcome based on MET-minutes per week (metabolic equivalent).
Secondary outcomes included health-related quality of life based on a mental (MCS) and physical
health component summary score (PCS). At the time of publication, 46/65 participants completed
the study (median 52 years, 81.5% women). A significant increase of physical activity was observed
in people with a low/moderate baseline activity during the first four months of follow-up (median
increase by 490 MET-minutes per week, p < 0.001, r = 0.649). Both MCS (median increase by 2.8,
p = 0.006, r = 0.344) and PCS (median increase by 2.6, p < 0.001, r = 0.521) significantly increased
during the first two months and the BMI significantly decreased during the first six months after
the intervention (median decrease by 0.96 kg/m2, p < 0.001, r = 0.465). Thus, this study provides
evidence for the medium-term impact of the app, since the effects decreased over time. However, due
to the chosen study design and a sizeable loss to follow-up, the validity of these findings is limited.

Keywords: physical activity; app; prevention; long-term effect; sustainability

1. Introduction

Physical inactivity is a crucial risk factor for non-communicable diseases such as
diabetes, coronary heart disease, and several types of cancer [1] and is therefore listed as
one of the four leading risk factors for mortality by the World Health Organization [2]. Due
to the linear relationship between physical activity and health status [3] and further positive
effects on quality of life and mental health [4], physical activity should be promoted in all
age groups [1,3,5].

Health apps have the potential to reach a large target group at low costs [6,7], for
therapeutic as well as preventive purposes [8]. Fitness apps are especially popular and
therefore potentially useful for the prevention of non-communicable diseases [9,10]. There
is modest evidence supporting the effectiveness of health apps promoting physical ac-
tivity [11,12], with interventions being more effective when containing evidence based
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content [13] in order to support and maintain behavior change (e.g., to promote motiva-
tion, reduce stress, and solve problems) [14]. However, despite the growing number of
studies investigating health apps, only limited conclusions can be drawn about their full
preventive potential for several reasons. First of all, most health apps promoting physical
activity contain neither evidence-based content nor theory-based behavior change strate-
gies [14,15], which reduces the likelihood of their effectiveness [13]. Additionally, most
apps studied are not commercially available [16,17], and were predominantly tested in
controlled clinical settings [6]. Both of these factors have led to a lack of information about
real-world effectiveness. Furthermore, the validity of studies conducted in the past was
often limited due to small sample sizes and short periods of data collection [18], leading
solely to short-term effects [19]. The latter, in particular, is a considerable problem, since
the prevention of non-communicable diseases requires sustained behavior change, which,
according to the health behavior change model “Health Action Process Approach” (HAPA)
by Schwarzer [20], consists of two phases (motivation and action), the completing of which
requires time. One potentially effective strategy to deliver sustained behavior change and,
thus, provide guide practice as well as reinforcement over time is the use of videos as
visual stimuli [21–23].

Still, the full potential of preventive health apps remains unknown at present, resulting
in a need for long-term studies investigating the effects of video-based interventions in
a real-world setting. Therefore, the purpose of this study was to evaluate the long-term
effects of an app-based eight-week prevention program (“VIDEA bewegt”) promoting
physical activity in everyday life. It is part of the overall evaluation of the app “VIDEA
bewegt”, consisting of a short-term study and this follow-up study [24]. Findings on the
short-term effects of the app already confirmed significant changes in MET-minutes per
week (metabolic equivalent) and health related quality of life directly after the intervention
for those participants having completed the program [25]. This follow-up study focused
on the first year after completion of the app.

2. Materials and Methods
2.1. Study Design

This study was designed as a single-armed observational study under real life condi-
tions, designed to assess the long-term effect of the app in the first year after completion
of the program. Data collection took place from July 2019 to July 2021, based on online
questionnaires. A personal contact was not deemed necessary, considering the scope of the
study. A detailed description of the rationale and the overall study design following the
recommendations formulated by Eysenbach and the CONSORT-EHEALTH Group [26] has
been published elsewhere [24].

In order to control for effects of health behavior not related to “VIDEA bewegt”,
the usage of other health apps or participation in any health courses other than the ones
provided by the app was included into the questionnaires.

This study was approved by the Ethics Committee of the Technical University Dresden
(EK 272062019, 25 May 2019) and was registered in the German Clinical Trials Register
(DRKS00017392, 14 June 2019).

2.2. Intervention

The app “VIDEA bewegt” is a certified, digital preventive program which aims
to increase the physical activity of its users in everyday life using videos combining
educational content and training instructions. Furthermore, the app contains several
additional components to develop and maintain motivation and behavior change such as
goal setting, documentation of progress, personal messages, and a chat function.

The app components are deeply rooted within theories of behavior change as well
as existing evidence on successful behavior change strategies. Goal setting is an essential
precondition for manifest behavior change according to the HAPA [20] and has been proven
to be essential in the formation of a feeling of self-efficacy [27]. The same is true for any
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option to autonomously control one’s behavior [28], which is operationalized in “VIDEA
bewegt” by including a tracking function for physical activity. Personal messages are
essential for the individualization of behavior change strategies, which is a precondition
for effective interventions [17,29] The chat function of “VIDEA bewegt” also enables social
support, which is an important predictor of behavior change according to the ‘Theory of
Planned Behavior’, wherein it is dubbed subjective norm [30]. All in all, the components of
“VIDEA bewegt” are intended to enable participants to engage in active behavior change
on their own free will (i.e., they trigger intrinsic motivation) [31]. The app therefore serves
as a nudging devise promoting intrinsic motivation [32].

Furthermore, “VIDEA bewegt” was developed by an expert panel consisting of
doctors, psychologists, sports scientists, nutrition specialists, and app designers, fulfilling
the known success factor of an interdisciplinary development team [33].

The program is divided into eight course weeks, following a standardized structure,
which can be completed by the users at individual pace. A face-to-face contact is not part
of the intervention, but users have the possibility to contact experts in preventative health
care and sports at any time via a chat function or connect with other users via a forum.

Apart from the nudging character of the app, intending to enable active and self-
guided behavior change, the novelty of “VIDEA bewegt” is the mode of information
transmission via video. Using narrative videos with relatable characters and a consistent
story line is known to generate transportation effects which, in turn, reduce reactance
towards behavior change strategies [34]. Video content tailored to individual preferences is
especially effective in that matter [35], which is why the videos within “VIDEA bewegt”
can be consumed at any time and as many times as desired. Furthermore, there are several
additional videos available on various topics such as sports exercises that use different
equipment and medical fun facts about digestion, metabolic types, and diet coke.

The app has been available on the German market for Android and iOS since March
2019. As a certified intervention, its costs are partially covered by statutory health insurance
companies. As such it, is a pilot project in Germany since it is the first app of its kind that
can be prescribed by a physician. For a detailed description of the structure and process
of the intervention and the app components please see Appendix A. Further information
about the intervention can be found on the German website of “VIDEA bewegt” [36].

2.3. Participants

The app’s target population was patients at risk for chronic disease, specifically
middle-aged or older people with low levels of daily physical activity. The conditions
for participating in the app-based program were being of legal age (≥18 years old) and
the absence of serious medical conditions such as heart failure. There were no further
restrictions to intervention use and all users were invited to take part in the evaluation.
However, only study participants who successfully completed the whole intervention
could participate in the follow-up study.

2.4. Sample Size

An a priori power analysis was conducted for the primary outcomes of the overall
evaluation of “VIDEA bewegt” (intended to apply to the short-term and long-term study
alike) predicting a minimum sample size of 27 participants [24]. However, the number of
possible participants was not limited, and a larger sample size was aimed for in order to
allow for additional (e.g., subgroup) analyses.

2.5. Preliminary Evaluative Measures

Before conducting the evaluation, the items of the questionnaire were validated by
means of a think-aloud test (n = 7) and expert opinions. Furthermore, a pre-test of the online
questionnaire was carried out with 21 individuals from the target group in order to assess
the comprehensibility of the items and the technical performance of the questionnaire.
Based on the findings, the wording of several questions was optimized and minor errors in
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the design of the survey were corrected. Apart from that, a usability test of the “VIDEA
bewegt” application was conducted (n = 10) to gain a better understanding of the strengths
and weaknesses of the app’s layout. The findings of this test were used to develop an
optimized version of the app, which was used in this study.

2.6. Procedure

At the beginning of the intervention, all users were informed about the evaluation and
asked whether they agreed to receive an email with further information about the study
and access to the first questionnaire (B0). The completion of the first questionnaire, which
included a consent form and privacy policy, was considered as consent to participate in
the study. Invitations to further online questionnaires were sent out after completion of
the program (F0) as well as two (F2), four (F4), six (F6), and twelve (F12) months later (see
Figure 1).

Data collection was solely carried out based on the questionnaires and, therefore, all
data was self-reported. No study visit occurred at any time during the intervention or
follow-up period and no researcher was present when the questionnaires were completed.
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Figure 1. Study concept: measurement points and methods. 1 other analogue or digital lifestyle
interventions than “VIDEA bewegt”. Abbreviations: B0 = baseline; F0 = end of intervention;
F2 = two months after the program; F4 = four months after the program; F6 = six months after
the program; F12 = twelve months after the program; GPAQ = Global Physical Activity Question-
naire, MET = metabolic equivalent, SF-8 = Short Form Health Survey; PCS = Physical Component
Summary Score; MCS = Mental Component Summary Score.

2.7. Primary and Secondary Outcomes

Physical activity was the primary outcome of this study and measured as MET-minutes
per week (metabolic equivalent, [37]) which were assessed with the Global Physical Activity
Questionnaire (GPAQ) [38,39].

The secondary outcome of this study was the health related quality of life based on the
Physical Component Summary Score (PCS) and the Mental Component Summary Score
(MCS), which were obtained using the Short Form Health Survey (SF-8) [40,41].

Further outcomes included the BMI and body weight, physically active minutes per
week in the domains of leisure, work, and transport, as well as sedentary hours per day.
In addition to the measurements listed in the previously published study protocol [24], a
more thorough description of the measurements used is given in the Appendix B.
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2.8. Statistics

Sociodemographic data and sustained use were analyzed descriptively. Since the
Shapiro-Wilk-Test confirmed the absence of a normal distribution for most of the pri-
mary and secondary outcomes (p at B0: weight = 0.026, BMI = 0.004, MET-minutes
per week < 0.001, active minutes within the domains work/transport/leisure < 0.001,
PCS = 0.123, MCS = 0.004), the Wilcoxon signed-rank test for dependent samples was used
to test for significant changes in the main outcomes between the measurement points F0,
F2, F4, F6 and F12 compared to baseline (B0). For the main outcome MET-minutes per
week the Wilcoxon signed-rank test was also carried out to test for significant changes
between the measurement points F2, F4, F6, and F12 compared to the time of app com-
pletion (F0). Due to multiple testing with the same dependent variable (see outcomes
and Figure 1), Bonferroni correction was applied, which led to the significance level being
defined as p = 0.01 for all analysis using the Wilcoxon signed-rank test. Since the sample
size of this study was smaller than expected, only one subgroup analysis was conducted,
which distinguished between users with a low/moderate or high physical activity at base-
line. According to the WHO, less than 3000 MET-minutes per week is defined as low to
moderate, while a minimum of 3000 MET-minutes per week characterizes high levels of
physical activity [42]. Furthermore, in order to identify factors influencing the effect of the
intervention on physical activity and BMI, the Spearman’s Rho test was carried out as test
for correlations as well as the Mann-Whitney-U test for independent samples. Due to the
small sample size and the low significance, a regression test was omitted.

3. Results
3.1. Population

Between July 2019 and June 2020, 737 individuals registered for the “VIDEA bewegt”
app program and were offered participation in the study. Of the 193 individuals who were
interested in participating, 103 answered the first questionnaire. Of those, 90 study partici-
pants completed the program and the second questionnaire (F0). More than one quarter
(25 of those 90) of potential study participants could not be included into the presented
analysis for the following reasons: three people withdrew their study participation, eleven
participants were excluded due to non-meaningful use (completion of more than 50% of
the program in one day), another ten did not answer the first questionnaire (B0) before
finishing the first two course weeks and/or the second questionnaire (F0) within one week
after completion of the program and one person did not answer any of the follow-up ques-
tionnaires F2, F4, F6 and F12. Finally, 65 users could be included in this follow-up study
with women accounting for 81.5% (n = 53) of the participants and a median participant
age of 52 years (mean = 49 years, SD = 13.82). Most participants were married (58.5%,
n = 38), had a university degree (38.5%, n = 25), and were insured through a statutory
health insurance, which covered the course costs completely (83.1%, n = 54). The median
duration of program use was 87 days (interquartile range (IQR) = 155.5 days). Further
information on the characteristics of the participants is provided in Table 1.
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Table 1. Characteristics of the study participants.

Overall n 65

Sex [%, (n)]
female 81.5 (53)
male 18.5 (12)

Age [years]
Mean, Median 49 52
20–29 [%, (n)] 12.3 (8)
30–39 [%, (n)] 13.8 (9)
40–49 [%, (n)] 18.5 (12)
50–59 [%, (n)] 29.2 (19)
60–69 [%, (n)] 21.5 (14)
70–79 [%, (n)] 4.6 (3)

BMI
Mean, Median [kg/m2] 27.04 26.11
Normal weight [%, (n)] 45.3 (29)

Overweight [%, (n)] 25 (16)
Obesity [%, (n)] 29.7 (19)

Marital status [%, (n)]
Married 58.5 (38)

Living in a stable relationship 13.8 (9)
Divorced or separated 12.3 (8)

Single 10.8 (7)
Widowed 3.1 (2)

Other 1.5 (1)

Level of education [%, (n)]
University degree 38.5 (25)

Completed vocational training 32.3 (21)
High school (12 years or more) 10.8 (7)

Secondary school (10 or 11 years) 13.8 (9)
Main school (9 years or less) 1.5 (1)

Other 3.1 (2)

Employment status [%, (n)]
Full-time 46.2 (30)
Half-time 15.4 (10)
Part-time 7.7 (5)

Not employed 10.8 (7)
Retired 20 (13)

Length of program use [days]
Mean, Median 136.7 87

Source of information 1 [%, (n)]
Health insurance 53.8 (35)

Doctor 15.4 (10)
Internet 15.4 (10)

Social environment 13.9 (9)
Others 1.5 (1)

Participation in other sport courses 2 [%, (n)] 46.2 (30)

Use of other health apps 2 [%, (n)] 21.5 (14)

Health insurance provider [%, (n)]
AOK PLUS, AOK Rheinland/Hamburg 3 83.1 (54)

Other statutory insurance 4 13.8 (9)
Private insurance 4 3.1 (2)

1 about the app “VIDEA bewegt”; 2 interventions other than “VIDEA bewegt”; 3 German statutory insurances
where users could participate in the app for free; 4 other German insurances where users had to pay 130€ in
advance and were reimbursed part of the course cost after completing the program.
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3.2. Physical Activity

There were no significant differences in the primary outcome MET-minutes per week
between B0 and any of the following measurement time points F0 (p = 0.150, r = 0.180), F2
(p = 0.242, r = 0.150), F4 (p = 0.515, r = 0.084), F6 (p = 0.766, r =0.040) and F12 (p = 0.032,
r = 0.317) (see Table 2). Overall, study participants showed highest MET-minutes per week
during F2 (median 3840 MET-minutes per week). By contrast, at F12 physical activity had
significantly decreased by 960 MET-minutes per week (median) compared to the end of
intervention F0 (p = 0.002, r = 0.462).

However, when comparing effects between participants with high and low/moderate
baseline activity, a significant increase in physical activity in participants with a low or
moderate activity at the beginning of the intervention was observed during the first four
months after program completion (F0: p < 0.001, r = 0.684; F2: p < 0.001, r = 0.775; F4:
p < 0.001, r = 0.649). In that period of time, the median MET-minutes per week increased by
at least 140 MET-minutes per week at F0 and a maximum of 1200 MET-minutes per week
at F2 compared to B0. F12 was the only measurement point where MET-minutes per week
fell below the baseline level (−150 MET-minutes per week, p = 0.258, r = 0.222).

The physical activity of users with a high baseline activity showed an opposing trend,
meaning that the median MET-minutes per week were below the baseline at all follow-up
measurement points. At F2, physical activity was significantly below B0 (p = 0.009, r = 0.506)
and at F12, the median physical activity had significantly decreased by 3640 MET-minutes
per week compared to B0 (p < 0.001, r = 0.785) and by 3600 compared to F0 (p = 0.005,
r = 0.646).

Nevertheless, the proportion of participants with a high physical activity level was
always above baseline during the first six months of follow-up and only fell below B0 at
F12 (see Table 2).

Table 2. Development of MET-minutes per week, using Wilcoxon signed-rank test.

B0 F0 F2 F4 F6 F12

all participants

n 64 64 61 60 56 46

Mean 4680 5689 5090 4908 4876 3224
(SD) (4938) (6903) (4933) (4687) (4613) (3687)

Median 2640 3080 3840 3130 3560 2120
25% quantile 1470 1440 1720 1280 1070 840
75% quantile 6650 7440 6960 6570 8372 3630

Wilcoxon 1

p 0.150 0.242 0.515 0.766 0.032
z −1.441 −1.171 −0.650 −0.297 −2.147
r 0.180 0.150 0.084 0.040 0.317

Wilcoxon 2

p 0.448 0.642 0.261 0.002
z −0.759 −0.465 −1.124 −3.136
r 0.097 0.060 0.150 0.462

<3000 MET−min/week at B0

n 34 33 33 32 30 26

Mean 1435 3141 3538 3084 2853 2005
(SD) (799) (4112) (3439) (3204) (3017) (1753)

Median 1560 1700 2760 1780 1730 1410
25% quantile 820 980 1080 1200 855 780
75% quantile 2040 3400 4540 3840 4005 3250

Wilcoxon 1

p <0.001 <0.001 <0.001 0.018 0.258
z −3.931 −4.450 −3.674 −2.368 −1.130
r 0.684 0.775 0.649 0.432 0.222

Wilcoxon 2

p 0.352 0.902 0.432 0.124
z −0.931 −0.123 −0.786 −1.537
r 0.162 0.022 0.144 0.301



Nutrients 2021, 13, 4215 8 of 29

Table 2. Cont.

B0 F0 F2 F4 F6 F12

≥3000 MET−min/week at B0

n 30 30 27 27 25 19

Mean 8357 8640 7159 7233 7461 5022
(SD) (5091) (8233) (5770) (5212) (5006) (4881)

Median 7060 7020 5180 5280 5280 3420
25% quantile 4390 3000 3360 3220 3572 2020
75% quantile 10,670 10,725 9240 10,080 11,370 7800

Wilcoxon 1

p 0.565 0.009 0.110 0.211 <0.001
z −0.576 −2.631 −1.598 −1.251 −3.421
r 0.105 0.506 0.308 0.250 0.785

Wilcoxon 2

p 0.088 0.692 0.264 0.005
z −1.706 −0.396 −1.117 −2.817
r 0.328 0.076 0.223 0.646

<3000 MET−min/week [% (n)] 53.1 (34) 48.4 (31) 36.1 (22) 45.0 (27) 46.4 (26) 58.7 (27)

≥3000 MET−min/week [% (n)] 46.9 (30) 51.6 (33) 63.9 (39) 55.0 (33) 53.6 (30) 41.3 (19)
1 asymptotic, two-sided Wilcoxon test between the baseline and subsequent measurement points; 2 asymptotic, two-sided Wilcoxon test
between the end of intervention (F0) and the subsequent measurement points. Abbreviations: B0 = baseline; F0 = end of intervention;
F2 = two months after the intervention; F4 = four months after the intervention; F6 = six months after the intervention; F12 = twelve months
after the intervention; MET = metabolic equivalent; r = effect size.

When comparing the sociodemographic characteristics of users depending on their
baseline activity, it becomes clear that participants with a low to moderate baseline activity
were significantly younger and had a higher level of education than users with a high
baseline activity. It also took them less time to finish the program and they were more
frequently informed about the intervention by their health insurance than people with a
high baseline activity. Both groups of participants where predominantly employed full
time, but while among participants with a heightened baseline activity were a higher
proportion of retired people, users with a low or moderate baseline activity were more
frequently unemployed (see Appendix C).

3.3. Health-Related Quality of Life

Health-related quality of life based on the Physical and Mental Component Summary
Score did significantly improve between B0 and the measurement time points F0 (PCS:
p = 0.003, r = 0.325; MCS: p < 0.001, r = 0.456) and F2 (PCS: p < 0.001, r = 0.521; MCS:
p = 0.006, r = 0.344). Compared to baseline, the median PCS and MCS were increased at all
measurement points except for F12, even though the changes at F4 and F6 did not meet the
threshold of significance (see Tables 3 and 4).

Table 3. Development of PCS, using Wilcoxon signed-rank test.

B0 F0 F2 F4 F6 F12
n 65 65 65 61 58 45

Mean 47.24 50 51.41 48.71 49 48.31
(SD) (8.83) (6.94) (6.71) (9.04) (8.05) (9.03)

Median 49.74 50.48 52.34 51.11 50.16 48.92
25% quantile 41.30 44.61 47.76 45.48 42.04 42.10
75% quantile 53.30 55.46 56.68 55.89 55.86 56.96

Wilcoxon 1

p 0.003 <0.001 0.033 0.025 0.167
z −2.623 −4.197 −2.133 −2.241 −1.383
r 0.325 0.521 0.273 0.294 0.206

1 Wilcoxon signed-rank test between B0 and the follow-up measurements points. Abbreviations: B0 = baseline;
F0 = end of intervention; F2 = two months after the intervention; F4 = four months after the intervention;
F6 = six months after the intervention; F12 = twelve months after the intervention; PCS = Physical Component
Summary Score; r = effect size.
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Table 4. Development of MCS, using Wilcoxon signed-rank test.

B0 F0 F2 F4 F6 F12

n 65 65 65 61 58 45

Mean 47.22 51.59 50.28 49.25 48.78 45.4
(SD) (9.05) (8.23) (7.86) (10.02) (9.74) (10.04)

Median 48.30 52.55 51.10 52.31 49.87 46.70
25% quantile 41.57 48.01 47.88 44.01 43.42 40.35
75% quantile 53.50 57.48 56.88 57.48 57.10 51.98

Wilcoxon 1

p <0.001 0.006 0.054 0.027 0.800
z −3.676 −2.773 −1.952 −2.210 −0.254
r 0.456 0.344 0.250 0.290 0.038

1 Wilcoxon signed-rank test between B0 and the follow-up measurements points. Abbreviations: B0 = baseline;
F0 = end of intervention; F2 = two months after the intervention; F4 = four months after the intervention;
F6 = six months after the intervention; F12 = twelve months after the intervention; MCS = Mental Component
Summary Score; r = effect size.

3.4. Additional Analyses

BMI was calculated from self-reported height and weight and was reduced continu-
ously during the whole year of follow-up. Significant decreases were observed between
F0 (p < 0.001, r = 0.441), F2 (p < 0.001, r = 0.478), F4 (p = 0.002, r = 0.409) and F6 (p < 0.001,
r = 0.465) compared to B0 (see Table 5). Data show the strongest decrease in body weight
for those participants with high body weight at baseline (see Appendix D).

Table 5. Development of the BMI, using Wilcoxon signed-rank test.

B0 F0 F2 F4 F6 F12

n 64 64 63 60 57 46

Mean 27.04
(5.61)

26.57
(5.38)

26.56
(5.17)

26.45
(5.25)

26.31
(5.01)

26.06
(4.92)(SD)

Median 26.12 24.91 25.38 25.44 25.16 24.85
25% quantile 22.55 22.52 22.59 22.16 22.50 24.85
75% quantile 31.22 30.59 30.10 29.75 29.34 30.12

Wilcoxon 1

p <0.001 <0.001 0.002 <0.001 0.624
z −3.530 −3.794 −3.169 −3.514 −0.490
r 0.441 0.478 0.409 0.465 0.072

1 Wilcoxon signed-rank test between B0 and the follow-up measurements points. Abbreviations: B0 = baseline;
F0 = end of intervention; F2 = two months after the intervention; F4 = four months after the intervention;
F6 = six months after the intervention, F12 = twelve months after the intervention; SD = standard deviation;
r = effect size.

Based on the GPAQ, the active minutes per day in the domains work, transport,
and leisure time as well as the sedentary time per day were analysed. None of these
outcomes showed any significant changes during follow-up compared to baseline (see
Appendix E, Table A4). Nevertheless, the median of active minutes per day in the work
domain increased during the first six months and even doubled at the measurement time
points F2 and F4, while the other domains showed only minor improvements during the
first months after the intervention.

The results of a Mann-Whitney-U test suggest that the development of the different
domains was partly influenced by the season and by the presence or absence of high
incidences of COVID-19 (see Appendix E, Table A4). At F0 (p = 0.020, r = 0.290) and F12
(p = 0.029, r = 0.322) participants showed a higher number of active minutes per day in
the work domain during the warm season, as well as at F4 (p = 0.015, r = 0.325) and F12
(p = 0.020, r = 0.343) in the leisure time-domain. At F0 participants showed a higher number
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of active minutes per day in the transport domain (p = 0.015, r = 0.303) and in leisure time
domain (p = 0.005, r = 0.355) during months with high incidences of COVID-19.

Furthermore, the sedentary time per day was decreased by one hour during the first
6 months after completion of the program (see Appendix E, Table A5).

3.5. User Assessment of the App Components

At the end of the intervention (F0), participants found it likely that they would
continue using the app components “my focus” and “practical tips” as well as the in-app
training sessions, the latter being the most favoured for a continuous use (see Figure 2).

During follow-up, a small minority reported performing the in-app training sessions
or referring to the practical tips within the app daily, while the majority reported using
both at least once a week, irregularly or never (see Figures 3 and 4). The ratio between
those using these two components at least once per week and those using them irregularly
or never was stable over time, although a decrease in use could be observed.

In terms of sustained use of “my focus”, participants reported using predominantly
the goal-setting (“my personal why”), motivational (“sources of strength”, “stop negative
thoughts”) and support (“coping with setbacks”) components of the app (see Figure 5),
although usage declined between F2 and F12. The components providing “rewards” and
allowing for action planning (“action plan” and “if/then-plans”) were used less according
to the participants.
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A majority of users reported having improved their health literacy by using the app, a
fact that remained stable throughout the whole follow-up period (see Figure 6).

For a detailed description of the intervention and the app components, please see
Appendix A.

3.6. Effect Analyses
3.6.1. Usage Time of the Intervention

There was no significant correlation between total usage time of the app and MET-
minutes per week and BMI at most of the follow-up measurement points, but at F0 usage
time (measured in days) was positively correlated with MET-minutes per week (r = 0.295,
p = 0.018) (see Appendix F, Table A6). In contrast, at F4 a long usage time was significantly
associated with a decline in physical activity compared to baseline (r = −0.270, p = 0.039)
(see Appendix F, Table A7).

3.6.2. Motivation for Continuous Use of App Components at F0

Motivation to further use the training videos correlated significantly with an increase
in physical activity at F4 (r = 0.349, p = 0.006) and F6 (r = 0.291, p = 0.030) (see Appendix F,
Table A6) and motivation to continue doing the exercises presented in the app component
“my focus” positively correlated with an increase in MET-minutes per week at F0 (r = 0.258,
p = 0.040), F4 (r = 0.390, p = 0.002), F6 (r = 0.356, p = 0.007) and F12 (r = 0.294, p = 0.047)
(see Appendix F, Table A6). Furthermore, motivation to further use contents of “my focus”
correlated with a decrease of BMI compared to B0 at F2 (r = −0.269, p = 0.033) and F4
(r = −0.277, p = 0.032) (see Appendix F, Table A9) and motivation to further use contents of
“practical tips” also correlated with a decrease of BMI compared to B0 at F2 (r = −0.290,
p = 0.021), F4 (r = −0.291, p = 0.024) and F6 (r = −0.266, p = 0.046) (see Appendix F,
Table A9).
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in numbers of participants. Abbreviations: F2 = two months after the intervention, F4 = four months
after the intervention, F6 = six months after the intervention, F12 = twelve months after the intervention.
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3.6.3. Sustained Use

Continuous use of the in-app videos was positively correlated with physical activity
at F2 (r = 0.279, p = 0.029), F4 (r = 0.390, p = 0.006), F6 (r = 0.528, p = 0.000) and F12
(r = 0.355, p = 0.015) (see Appendix F, Table A6) and also negatively corelated with BMI
at F4 (r = −0.258, p = 0.048) and F6 (r = −0.447, p = 0.001) compared to baseline (see
Appendix F, Table A9). Furthermore, there was a correlation between usage of practical
tips and a decrease of BMI at F2 (r = −0.298, p = 0.018) and F6 (r = −0.359, p = 0.007)
compared to B0 (see Appendix F, Table A9).

However, continuous use of the in-app videos also positively correlated with an
increase in BMI at F12 (r = 0.452, p = 0.002) (see Appendix F, Table A8).

Other factors such as the participation in other online or analogue lifestyle interven-
tions or the external factors such as the COVID-19 pandemic did not seem to have any
significant impact on the MET-minutes per week and the BMI of the study participants (see
Appendix F, Tables A10–A13).

4. Discussion

The results of the present study show that the app under investigation can actively
increase the time spent physically active, especially for those with low levels of activity at
baseline, and so it is in line with previous results concerning the effects of digital behavior
change applications (e.g., for type 2 diabetes) [19].

With 81.5%, women accounted for the vast majority of study participants. This is an
even higher proportion of female participants than in other studies [43,44] even though
telemedicine interventions are known to be more likely used by women [12,45,46]. Still, the
high proportion of women is representative for the users of “VIDEA bewegt” according to
the manufacturer’s data.

With the majority of the participants being older than 50 (median age 52) and over-
weight or obese, it is evident that the intervention succeeded in reaching its target popula-
tion. Furthermore, the results show the effectiveness of the app for those at high risk for
cardiovascular events or lifestyle-associated diseases [47], an observation which is further
underlined by the fact that significant effects on the MET-minutes per week were only
to be found with those participants reporting low baseline levels. This effect is mirrored
by the effects on weight loss, which were higher for overweight and obese participants.
This corresponds with findings on improvement in clinical outcomes through the use of
diabetes self-management apps [48].

However, the majority of participants is well-educated, underlining once again, that
preventive measures, even though delivered via an app, often do not reach those especially
vulnerable to life style-related diseases [49].

For most positive effects observed, there is a clearly visible wash-out period between
F4 and F6, where values for physical activity decrease, in some cases drastically, and the
BMI increases, suggesting that while the app may have had an activating effect [50], the
impact reduces over time [11,51] if no new content is provided within the app [52].

Directly after finishing the app program, usage time positively correlated with physical
activity, whereas at F4 a long usage time had a negative influence on physical activity.
While the latter may seem counterintuitive at first glance, it can possibly be explained since
in the case of “VIDEA bewegt”, a long usage time is predominantly caused by discontinued
use as the program can be modified much more in its duration than in its intensity. Thus,
it could be useful to increase the frequency of reminders to guarantee a continuous and
therefore meaningful use. At F12, values for MET-minutes per week drop below baseline
values. This points at well-documented social desirability effects [53] which might have
been present when estimating the baseline activity levels. However, it also suggests using
the app might have served as a reality check concerning everyday activity levels for some
participants [54]. This awareness-raising effect of the app [55] is further underlined by the
fact that especially goal-setting components were used continuously throughout the whole
follow-up period. While goal-setting is the basis for behavior change, keeping up with
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the behavior changes requires making plans to integrate it into everyday life [20]. The fact
that the planning components of the app were used less according to the participants may
be one explanation for the deteriorating effects on MET-minutes per week and the time
spent active during work, transportation, and leisure time. The reported interest in the
guided exercises within the app, which partly correlates with MET-minutes per week, fits
the evidence for the effectiveness of in-app videos for promoting physical activity [56].

Quality of life, even though not always significant, remained high all the way to
F6, which shows that quality of life corresponds with increased physical activity and
decreases (e.g., in BMI) [57]. It also fits the reported high usage of app-components
that provided motivational support, which shows the importance of positive framing of
behavior change in order to fulfill the users’ outcome expectancy [58], a fact already known
from interventions aiming to increase screening behavior [59]. The fact that quality of
life also dropped below baseline at F12 once more shows the importance of continuously
proving new content, also to prevent disinterest on the part of the users [60].

It is also worth noting that the median sedentary time of study participants decreased
by one hour during the first six months of follow-up. Although this observation did not
meet the threshold of significance, it is still of clinical relevance since one hour spent
physically active instead of sitting already reduces all-cause mortality [61].

It is known that physical activity is influenced by external factors such as the sea-
son [62,63]. It is therefore not surprising that participants showed higher levels of physical
activity at several measurement time points during the warm season. Furthermore, directly
after finishing the app, participants spent more minutes per day physically active during
time periods with high COVID-19 incidences. However, since these effects only occurred
sporadically and may have been influenced by other external factors, no clear interpretation
of this observation is possible.

Last but not least, decreases of weight and BMI peak at F6 while increases of MET-
minutes and quality of life peak at F2 or F4, showing that actual metabolic effects of a
digital intervention take time to show [52], warranting, once more, longer follow-ups [64]
for evaluation studies.

4.1. Strengths and Weaknesses

The greatest strength of the present study lies in the reliance on real-world evidence,
since data was generated in the every-day settings of participants [65]. Then again, the
one-armed observational design holds considerable risk of bias, which has to be considered
when interpreting the results. The lack of a control group and the unobserved app usage as
well as completion of the questionnaires severely limits options to control for confounding
factors. However, use of other health applications or courses was part of the questionnaires
and had no significant effect on any of the outcomes studied. Still, showing correlations
between app components and, respectively, BMI, weight and MET-minutes per week
during app usage and follow-up periods, the study serves as a proof-of-concept for the
usefulness of health apps with a video component for the promotion of physical activity.

The low number of participants, especially at F12, did not allow for more sophisticated
analyses such as regression, rendering correlation results open for interpretation concerning
the direction of the effects. This is also due to the fact that no power analysis or intention-
to-treat calculation was performed a priori for this follow-up study. However, a power
analysis was conducted concerning the complete evaluation of “VIDEA bewegt” (short-
term and long-term study), which led to a study sample of at least 27 participants [24].
Even though the number of participants meets the required minimum, the sample size is
far below the required number for subgroup analyses. This was caused by a low number
of app users rather than a lack of willingness to participate in the study. Consequently,
the intervention “VIDEA bewegt” encountered two of the leading barriers of telemedicine
interventions to their implementation in medical care, which are non-use and discontinued
use, mostly caused by user-related factors [66]. The attrition rate of this follow-up study
was rather low. However, the previous study investigating the short-term effect of the
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intervention reported a significant dropout rate. Only 63% of the initial study participants
took part in this follow-up study. Thirteen participants dropped out of the intervention,
mostly at the beginning of the program, and another 25 participants were excluded since
they did not fulfil the inclusion criteria. Thus, the population of this long-term evaluation
is heavily filtered with a consecutive risk of selection bias. During the follow-up study the
response rate was 100% at F0, 94% at F4, 95% at F6, and 92% at F12.

4.2. Outlook

Data collection of this study will carry on until January of 2022. Further research
should apply “VIDEA bewegt” in a controlled setting without abandoning the real-world
approach taken so far. The findings from the current proof-of-concept should be validated
using at least a randomized control group and assign participants to both groups based on
a power estimation.

Continuous evaluation of “VIDEA bewegt” should be performed especially when the
app content is updated.

5. Conclusions

This follow-up study provides evidence on the positive medium-term effect of the
intervention “VIDEA bewegt” on several clinical outcomes such as physical activity, health
related quality of life and BMI, when being used by individuals with low levels of physical
activity in everyday life. As such, it is an example for the potential of evidence-based
video-interventions and contributes to a research field in which limited evidence exists
to date. However, its validity is limited due to a small sample size due to recruitment
problems and high dropout rates.
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Appendix A. Description of the Intervention “VIDEA Bewegt”

The German app “VIDEA bewegt” is a certified, multimodal prevention program
which aims to increase the physical activity of German adults. It is based on the behavior
change model by Greaves and Sheppard (i.e., motivation, action, and maintenance [67]) and
contains eight consecutive course weeks with theoretical and practical sessions of 45 min
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each. Every week the user gains access to another stage of the app. Thus the duration of the
intervention is at least seven weeks and one day and is limited to a maximum of one year.

The intervention is video-based and provides four videos with theoretical input
delivered by a diabetologist and practical trainings moderated by a personal trainer. Fur-
thermore, there are several additional videos with workouts and medical fun facts that are
accessible within the rubric “video+”. At the end of each stage, the user can test his or her
knowledge in a short quiz.

Apart from the videos the app contains several other components. One of them is the
rubric “my focus”, wherein the user deals with his or her personal goals and resources in
free text format and learns a number of behavioral strategies to maintain motivation and
handle throwbacks. Furthermore, there is a rubric called “activity” where the user has the
possibility to track different forms of physical activity such as walking, biking, gardening
etc. Each day the user is supposed to reach a defined number of activity minutes. Therefore,
the rubric contains an animated ring that fills up progressively throughout the day as the
user enters activities until the personal goal is reached. Within the rubric “activity” the
user can also document his daily mood using a scale with five smileys.

Each user also has the opportunity to contact the experts via a chat function and to
connect with other users via a forum. Furthermore, each user receives a personal and
motivational message every day, in case he or she opens the app.

At the end of the digital course, every user receives a certificate of participation that
can be submitted to statutory health insurance companies for proportional reimbursement
of the course costs.

Appendix B. Measurements

Table A1. Summary of the measurements used in this follow-up study, based on the study-protocol [24].

Tool Validation Content Items

General data self-validated 1
Author-constructed questions about sociodemographic

data, individual backgrounds, BMI, endurance, and
muscle strength [24].

5–12

GPAQ [38,39] validated [39,68]

The Global Physical Activity Questionnaire measures
the intensity and duration of physical activity at work,
during transport, and during leisure time. The data are
quantified by a conversion into MET minutes per week.

One metabolic equivalent represents the energy
consumption at rest. The GPAQ defines 4 METs for

moderate activity and 8 METs for vigorous activity [37].

16

SF-8 [40,41] validated [69]

The Short Form Health Survey 8 measures physical and
mental health related quality of life and covers the eight

dimensions of SF-36 on the basis of eight questions:
physical functioning (PF), role-physical (RP), bodily
pain (BP), general health (GH), vitality (VT), social

functioning (SF), role-emotional (RE), and
mental health (MH).

8

Process evaluation self-validated 1
Author-constructed question to assess the motivation of
participants to further use different contents of the app

after completion of the program [24].
1

Sustainability self-validated 1
Author-constructed questions to assess the use of the
exercises and components of the program after it has

been completed [24].
5

1 see Section 2.5. Preliminary evaluative measures. Abbreviations: GPAQ = Global Physical Activity Questionnaire; SF-8 = Short Form
Health Survey 8.
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Appendix C. Population

Table A2. Characteristics of the study participant with different baseline activity levels.

<3000 MET-Min/Week ≥3000 MET-Min/Week

n 34 30

Sex [%, (n)]
female 85.3 (29) 76.7 (23)
male 14.7 (5) 23.3 (7)

Age [years]
Mean, Median 43.74, 42.00 55.23, 58.00

Marital status [%, (n)]
Married 44.1 (15) 73.3 (22)

Living in a stable relationship 26.5 (9) -
Divorced or separated 14.7 (5) 10.0 (3)

Single 8.8 (3) 13.3 (4)
Widowed 2.9 (1) 3.3 (1)

Other 2.9 (1) -

Level of education [%, (n)]
University degree 52.9 (18) 20.0 (6)

Completed vocational training 20.6 (7) 46.7 (14)
High school (12 years or more) 11.8 (4) 10.0 (3)

Secondary school (10 or 11 years) 11.8 (4) 16.7 (5)
Main school (9 years or less) - 3.3 (1)

Other 2.9 (1) 3.3 (1)

Employment status [%, (n)]
Full-time 52.9 (18) 40.0 (12)
Half-time 14.7 (5) 13.3 (4)
Part-time 5.9 (2) 10.0 (3)

Not employed 17.6 (6) 3.3 (1)
Retired 8.8 (3) 33.3 (10)

Length of program use [days]
Mean (SD) 124.62 (98.28) 153.27 (102.88)

Median (IQR) 67.00 (126.25) 129.50 (159.50)
25% quantile 56.50 58.50
75% quantile 182.75 218.00

Source of information 1 [%, (n)]
Health insurance 23.5 (8) 3.3 (1)

Doctor 2.9 (1) -
Internet 14.7 (5) 16.7 (5)

Social environment 14.7 (5) 16.7 (5)
Others 44.1 (15) 63.3 (19)

Participation in other sport courses 2

[%, (n)]
44.1 (15) 50.0 (15)

Use of other health apps 2 [%, (n)] 20.6 (7) 23.3 (7)

Health insurance provider [%, (n)]
AOK PLUS, AOK Rheinland/Hamburg 3 79.4 (27) 90.0 (27)

Other statutory insurance 4 17.6 (6) 6.7 (2)
Private insurance 4 2.9 (1) 3.3 (1)

1 about the app “VIDEA bewegt”; 2 interventions other than „VIDEA bewegt“; 3 German statutory insurances
where users could participate in the app for free; 4 other German insurances where users had to pay 130€ in
advance and were reimbursed part of the course cost after completing the program.
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Appendix D. Changes in Body Weight

Table A3. Changes in body weight depending on the baseline weight 1.

B0 F0 F2 F4 F6 F12

All participants

n 64 64 63 60 58 46

weight [kg], mean 76.77 75.42 75.44 75.23 75.03 74.54
(SD) (16.71) (16.07) (15.24) (15.53) (15.08) (16.04)

weight [kg], median 75.00 74.00 75.00 74.50 75.00 73.00
25% quantile 63.00 62.00 62.00 62.50 62.00 60.75
75% quantile 89.25 84.75 87.00 85.00 85.25 85.25

∆ weight [kg], mean
(SD)

−1.34 −1.63 −1.57 −1.89 −60.63
(3.22) (3.29) (3.58) (3.76) (4.73)

∆ weight [kg], median −1.00 −1.00 −1.00 −1.00 0.00 3

25% quantile −2.00 −3.00 −3.70 −4.50 −2.50
75% quantile 0.00 0.00 0.00 0.00 2.00

Wilcoxon 2

p <0.001 <0.001 0.002 <0.001 0.644
z −3.613 −3.782 −3.157 −3.547 −0.462
r 0.452 0.476 0.408 0.466 0.068

Normal weight at B0

n 29 29 28 27 25 23

weight [kg], mean 63.48 63.41 63.43 63.52 63.40 63.74
(SD) (8.73) (8.89) (8.95) (9.31) (9.15) (9.36)

weight [kg], median 62.00 61.00 61.50 62.00 62.00 61.00
25% quantile 55.50 56.50 56.25 55.00 55.00 56.00
75% quantile 71.50 71.50 71.50 72.00 71.00 73.00

∆ weight [kg], mean
(SD)

−0.07 −0.29 −0.19 −0.28 0
(1.22) (1.33) (1.73) (1.31) (2.04)

∆ weight [kg], median 0.00 0.00 0.00 0.00 0.00
25% quantile −1.00 −1.00 −2.00 −1.00 −1.00
75% quantile 0.00 0.00 0.00 0.00 2.00

Wilcoxon 2

p 0.700 0.237 0.454 0.268 0.896
z −0.386 −1.182 −0.749 −1.109 −0.131
r 0.072 0.223 0.144 0.222 0.065

Overweight at B0

n 16 16 16 16 16 11

weight [kg], mean 77.75 75.75 77.19 76.38 76.50 77.00
(SD) (6.25) (7.22) (7.57) (7.10) (7.53) (9.47)

weight [kg], median 76.00 74.00 74.50 74.50 75.50 73.00
25% quantile 74.00 70.50 72.25 72.25 71.50 70.00
75% quantile 82.75 81.75 85.75 83.75 83.00 86.00

∆ weight [kg], mean
(SD)

−2.00 −0.56 −1.38 −1.25 0.09
(5.11) (3.50) (3.63) (4.74) (7.11)

∆ weight [kg], median −1.50 −1.50 −1.00 −1.00 0.00
25% quantile −4.75 −3.00 −4.75 −4.50 −4.00
75% quantile 0.00 1.75 0.75 2.25 5.00

Wilcoxon 2

p 0.051 0.240 0.129 0.309 0.798
z −1.953 −1.175 −1.517 −1.018 −0.256
r 0.488 0.294 0.379 0.254 0.077

Obesity at B0

n 19 19 19 17 16 12

weight [kg], mean 96.21 93.47 91.68 92.76 91.94 93.00
(SD) (11.93) (12.68) (11.24) (11.89) (11.84) (13.22)

weight [kg], median 94.0 90.0 91.0 92.0 89.5 93.0
25% quantile 90.0 84.0 84.0 84.0 83.5 83.5
75% quantile 99.0 94.0 94.0 95.0 95.5 95.0

∆ weight [kg], mean
(SD)

−2.74 −4.53 −3.94 −5.06 −2.50
−2.68 −3.42 −4.55 −3.49 −5.68

∆ weight [kg], median −2.00 −5.00 −4.00 −6.00 −1.00
25% quantile −5.00 −7.00 −6.50 −6.75 −7.00
75% quantile 0.00 −2.00 −1.50 −2.00 2.00

Wilcoxon 2

p 0.001 <0.001 0.006 <0.001 0.212
z −3.222 −3.609 −2.771 −3.313 1.248
r 0.739 0.823 0.672 0.828 0.938

1 normal weight: BMI < 15 kg/m2, overweight: BMI = 25.00–29.99 kg/m2, obesity: BMI > 30 kg/m2; 2 Wilcoxon signed-rank test between B0
and the follow-up measurements points; 3 a possible explanation for this result is that the study participants who have already completed
the follow-up study had a lower BMI than the total sample. Abbreviations: B0 = baseline; F0 = end of intervention; F2 = two months after
the intervention; F4 = four months after the intervention; F6 = six months after the intervention; F12 = twelve months after the intervention;
∆ = changes in weight compared to B0; r = effect size.
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Appendix E. Additional Analyses Based on the GPAQ

Table A4. Active minutes per day in the domain’s work, transport, and leisure time.

B0 F0 F2 F4 F6 F12

Work

n 64 64 61 60 56 46

Mean 70.35 74.97 76.16 76.58 77.70 48.78
(SD) (95.68) (105.24) (106.14) (108.83) (108.83) (74.21)

Median 19.64 27.86 40.00 41.43 29.29 17.14
25% quantile 0.00 0.00 7.86 5.71 0.00 0.00
75% quantile 122.14 102.86 124.29 128.57 106.07 72.86

Wilcoxon 1

p 0.571 0.589 0.229 0.971 0.190
z −0.566 −0.541 −1.204 −0.036 −1.312
r 0.070 0.069 0.155 0.005 0.193

MWU 2

p 0.113 0.459 0.616 0.400 0.382 0.820
z −1.586 −0.741 −0.502 −0.842 −0.874 −0.228
r 0.198 0.092 0.062 0.109 0.117 0.034

MWU 3

p 0.108 0.020 0.913 0.859 0.052 0.029
z −1.608 −0.317 −0.109 −0.177 −1.944 −2.182
r 0.201 0.290 0.014 0.023 0.260 0.322

Transport

n 64 64 61 60 56 46

Mean 24.50 26.92 27.49 24.88 32.39 20.59
(SD) (31.43) (32.40) (26.34) (24.53) (34.13) (23.77)

Median 15.71 17.14 25.00 17.14 21.43 15.71
25% quantile 0.00 6.43 6.43 8.57 7.50 2.14
75% quantile 30.00 42.14 37.14 38.93 48.21 30.00

Wilxocon 1

p 0.350 0.115 0.272 0.099 0.243
z −0.934 −1.576 −1.100 −1.651 −1.243
r 0.117 0.202 0.142 0.221 0.183

MWU 2

p 0.507 0.015 0.956 0.233 0.267 0.709
z −0.663 −2.421 −0.055 −1.192 −1.110 −0.381
r 0.083 0.303 0.007 0.154 0.148 0.027

MWU 3

p 0.078 0.838 0.590 0.055 0.534 0.427
z −1.761 −0.204 −0.539 −1.920 −0.621 −0.795
r 0.220 0.026 0.070 0.248 0.083 0.117

Leisure time

n 64 64 61 60 56 46

Mean 34.33 53.30 46.49 40.65 38.80 27.42
(SD) (34.02) (69.20) (40.99) (38.54) (44.84) (26.28)

Median 25.71 32.86 34.29 25.71 25.71 18.21
25% quantile 12.86 17.14 17.14 12.86 13.21 10.71
75% quantile 38.57 64.29 62.86 59.64 42.86 34.29

Wilxocon 1

p 0.011 0.011 0.068 0.182 0.385
z −2.533 2.547 −1.828 −1.335 −0.869
r 0.317 0.326 0.236 0.178 0.128

MWU 2

p 0.439 0.005 0.305 0.117 0.255 0.086
z −0.773 −2.838 −1.026 −1.568 −1.139 −1.716
r 0.097 0.355 0.131 0.202 0.152 0.253

MWU 3

p 0.143 0.517 0.136 0.015 0.577 0.020
z −1.465 −0.648 −1.492 −2.520 −0.558 −2.329
r 0.183 0.081 0.191 0.325 0.075 0.343

1 Wilcoxon signed-rank test between B0 and the follow-up measurements points; 2 Mann-Whitney-U test distinguishing whether the
respective measurement point fell in a time period with high incidences of COVID-19 or not. High incidences appeared in March to
April 2020 and November 2020 to February 2021 (these were also the months with the greatest restrictions on public live in Germany);
3 Mann-Whitney-U test distinguishing whether the respective measurement point fell into the cold or warm season. The cold season was
defined as the period from 22 September to 19 March, and the warm season from 20 March to 21 September. Abbreviations: B0 = baseline;
F0 = end of intervention; F2 = two months after the intervention; F4 = four months after the intervention; F6 = six months after the
intervention; F12 = twelve months after the intervention; r = effect size.
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Table A5. Sedentary time per day in hours.

B0 F0 F2 F4 F6 F12

n 64 64 61 60 56 46

Mean 6.52 5.89 5.66 5.71 6.26 6.72
(SD) (3.37) (3.35) (2.95) (3.08) (3.36) (3.22)

Median 6.00 5.00 5.00 5.00 5.00 6.00
25% quantile 4.00 3.00 4.00 3.13 4.00 4.00
75% quantile 8.00 8.00 7.00 8.00 8.38 9.00

Wilcoxon 1

p 0.013 0.069 0.022 0.345 0.482
z −2.472 −1.818 −2.213 −0.944 −0.703
r 0.309 0.233 0.286 0.126 0.104

1 = Wilcoxon signed-rank test between B0 and the follow-up measurements points. Abbreviations: B0 = baseline;
F0 = end of intervention; F2 = two months after the intervention; F4 = four months after the intervention;
F6 = six months after the intervention; F12 = twelve months after the intervention; r = effect size.

Appendix F. Effect Analysis

Table A6. Spearman-Rho Test for measuring correlations: Influence of different factors on physical
activity (MET-minutes per week) at the follow-up measurement points.

Independent Factor F0 F2 F4 F6 F12

Course duration
r 0.295 0.213 0.016 0.167 0.172
p 0.018 0.099 0.904 0.218 0.252
n 64 61 60 56 46

Motivation training videos F0
r 0.176 0.179 0.349 0.291 0.129
p 0.165 0.169 0.006 0.030 0.394
n 64 61 60 56 46

Motivation “my focus” F0
r 0.258 0.243 0.390 0.356 0.294
p 0.040 0.059 0.002 0.007 0.047
n 64 61 60 56 46

Motivation “practical tips” F0
r 0.128 0.072 0.255 0.173 0.159
p 0.313 0.582 0.050 0.201 0.292
n 64 61 60 56 46

Usage training videos FX
r 0.279 0.390 0.528 0.355
p 0.029 0.006 0.000 0.015
n 61 60 55 46

Usage practical tips FX
r 0.206 0.074 −0.028 0.138
p 0.110 0.580 0.837 0.362
n 61 59 55 46

Abbreviations: F0 = end of intervention; F2 = two months after the intervention; F4 = four months after the
intervention; F6 = six months after the intervention; F12 = twelve months after the intervention; FX = respective
measurement point; r = correlation coefficient.
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Table A7. Spearman-Rho Test for measuring correlations: Influence of different factors on the
effect of the app on the physical activity (MET-minutes per week) between B0 and the following
measurement points.

Independent Factor ∆B0-F0 ∆B0-F2 ∆B0-F4 ∆B0-F6 ∆B0-F12

Course duration
r 0.085 −0.192 −0.270 −0.042 −0.196
p 0.505 0.143 0.039 0.763 0.196
n 63 60 59 55 45

Motivation training videos F0
r −0.045 −0.072 0.140 0.028 −0.133
p 0.724 0.585 0.292 0.839 0.385
n 63 60 59 55 45

Motivation “my focus” F0
r 0.014 −0.036 0.088 0.081 −0.068
p 0.915 0.784 0.505 0.556 0.655
n 63 60 59 55 45

Motivation “practical tips” F0
r −0.069 −0.070 −0.027 −0.047 −0.006
p 0.591 −0.594 0.837 0.734 0.967
n 63 60 59 55 45

Usage training videos FX
r −0.193 0.051 0.108 0.038
p 0.140 0.699 0.439 0.806
n 60 59 54 45

Usage practical tips FX
r −0.080 0.070 −0.120 0.241
p 0.542 0.600 0.388 0.111
n 60 58 54 45

Abbreviations: B0 = baseline; F0 = end of intervention; F2 = two months after the intervention; F4 = four months
after the intervention; F6 = six months after the intervention; F12 = twelve months after the intervention;
∆ = difference between two measurement points; FX = respective measurement point; r = correlation coefficient;
PCS = Physical Component Summary Score; MCS = Mental Component Summary Score.

Table A8. Spearman-Rho Test for measuring correlations: Influence of different factors on the effect
of the app on the BMI at the measurement points.

Independent Factor F0 F2 F4 F6 F12

Course duration
r 0.036 0.038 0.010 0.030 −0.056
p 0.776 0.767 0.939 0.825 0.712
n 64 63 60 57 46

Motivation training videos F0
r 0.060 0.050 0.048 0.030 0.026
p 0.638 0.694 0.714 0.827 0.862
n 64 63 60 57 46

Motivation “my focus” F0
r 0.222 0.210 0.227 0.227 0.286
p 0.078 0.099 0.081 0.089 0.054
n 64 63 60 57 46

Motivation “practical tips” F0
r 0.178 0.164 0.190 0.190 0.140
p 0.159 0.199 0.146 0.158 0.353
n 64 63 60 57 46

Usage training videos FX
r 0.232 0.130 0.213 0.452
p 0.067 0.322 0.114 0.002
n 63 60 56 46

Usage practical tips FX
r 0.182 −0.015 0.161 0.061
p 0.153 0.907 0.237 0.688
n 63 59 56 46

Abbreviations: F0 = end of intervention; F2 = two months after the intervention; F4 = four months after the
intervention; F6 = six months after the intervention; F12 = twelve months after the intervention; FX = respective mea-
surement point; r = correlation coefficient; PCS = Physical Component Summary Score; MCS = Mental Component
Summary Score.
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Table A9. Spearman-Rho Test for measuring correlations: Influence of different factors on the effect
of the app on the BMI between B0 and the following measurement points.

Independent Factor ∆B0-F0 ∆B0-F2 ∆B0-F4 ∆B0-F6 ∆B0-F12

Course duration
r 0.021 0.055 0.171 0.228 0.066
p 0.872 0.666 0.191 0.088 0.663
n 64 63 58 57 46

Motivation training videos F0
r 0.000 −0.130 −0.187 −0.160 −0.074
p 1.000 0.309 0.152 0.235 0.624
n 64 63 60 57 46

Motivation “my focus” F0
r −0.139 −0.269 −0.277 −0.215 −0.059
p 0.272 0.033 0.032 0.109 0.696
n 64 63 60 57 46

Motivation “practical tips” F0
r −0.177 −0.290 −0.291 −0.266 −0.150
p 0.162 0.021 0.024 0.046 0.32
n 64 63 60 57 46

Usage training videos FX
r −0.160 −0.258 −0.447 −0.160
p 0.209 0.048 0.001 0.288
n 63 60 56 46

Usage practical tips FX
r −0.298 −0.203 −0.359 −0.107
p 0.018 0.123 0.007 0.479
n 63 59 56 46

Abbreviations: B0 = baseline; F0 = end of intervention; F2 = two months after the intervention; F4 = four months
after the intervention; F6 = six months after the intervention; F12 = twelve months after the intervention;
∆ = difference between two measurement points; FX = respective measurement point; r = correlation coefficient;
PCS = Physical Component Summary Score; MCS = Mental Component Summary Score.

Table A10. Mann-Whiney-U test: Influence of different factors on the effect of the app on the physical activity at the different
measurement points.

Variable Group Variable n Middle Rank p z r

MET-min/Wo F0

Prepayment 130€ 11 19.05
0.008 −2.634 0.329No costs 53 35.29

Usage of other health apps 14 31.04
0.739 −0.333 0.042No other health apps 50 32.91

Other health courses 1 32 34.09
0.493 −0.685 0.086No other health courses 1 32 30.91

During high COVID incidences 2 36 36.13
0.169 −1.374 0.172Outside high COVID incidences 2 28 29.68

MET-min/Wo F2

Prepayment 130€ 10 20.60
0.042 −2.026 0.259No costs 51 33.04

Usage of other health apps 12 30.38
0.892 −0.136 0.017No other health apps 49 31.15

Other health courses 1 29 31.33
0.891 −0.137 0.018No other health courses 1 32 30.70

During high COVID incidences 2 12 31.29
0.949 −0.064 0.008Outside high COVID incidences 2 49 30.93
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Table A10. Cont.

Variable Group Variable n Middle Rank p z r

MET-min/Wo F4

Prepayment 130€ 11 14.09
<0.001 −3.362 0.441No costs 47 33.11

Usage of other health apps 11 28.09
0.758 −0.307 0.040No other health apps 47 29.83

Other health courses 1 20 27.63
0.540 −0.614 0.081No other health courses 1 38 30.49

During high COVID incidences 2 18 26.28
0.330 −0.975 0.128Outside high COVID incidences 2 40 30.95

MET-min/Wo F6

Prepayment 130€ 11 16.09
0.008 −2.632 0.362No costs 42 29.86

Usage of other health apps 10 27.20
0.964 −0.045 0.006No other health apps 43 26.95

Other health courses 1 22 25.89
0.658 −0.442 0.061No other health courses 1 31 27.79

During high COVID incidences 2 15 21.03
0.077 −1.767 0.243Outside high COVID incidences 2 38 29.36

MET-min/Wo F12

Prepayment 130€ 9 12.94
0.043 −2.026 0.329No costs 29 21.53

Usage of other health apps 10 16.30
0.302 −1.061 0.172No other health apps 28 20.64

Other health courses 1 10 20.25
0.804 −0.249 0.040No other health courses 1 28 19.23

During high COVID incidences 2 14 16.29
0.180 −0.173 0.028Outside high COVID incidences 2 24 21.38

Notes: 1 = Other health courses within the last six months at the time of baseline; 2 = High incidences appeared in March to April 2020
and November 2020 to February 2021. Abbreviations: F0 = end of intervention; F2 = two months after the intervention; F4 = four months
after the intervention; F6 = six months after the intervention; F12 = twelve months after the intervention; ∆ = difference between
two measurement points.

Table A11. Mann-Whiney-U test: Influence of different factors on the effect of the app on the physical activity between the
different measurement points and B0.

Variable Group Variable n Middle Rank p z r

∆ MET-min/Wo
B0-F0

Prepayment 130€ 10 28.20
0.475 −0.715 0.090No costs 53 32.72

Usage of other health apps 14 28.86
0.467 −0.727 0.090No other health apps 49 32.90

Other health courses 1 32 32.36
0.874 −0.158 0.020No other health courses 1 31 31.63

During high COVID incidences 2 27 30.41
0.550 −0.597 0.075Outside high COVID incidences 2 36 33.19

∆ MET-min/Wo Prepayment 130€ 9 37.56
0.189 −1.315 0.170B0-F2 No costs 51 29.25

Usage of other health apps 12 24.46
0.180 −1.340 0.173No other health apps 48 32.01

Other health courses 1 29 32.09
0.496 −0.681 0.064No other health courses 1 31 29.02

During high COVID incidences 2 12 23.88
0.142 −1.469 0.190Outside high COVID incidences 2 48 32.16
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Table A11. Cont.

Variable Group Variable n Middle Rank p z r

∆ MET-min/Wo Prepayment 130€ 10 24.70
0.367 −0.902 0.119B0-F4 No costs 47 29.91

Usage of other health apps 11 22.18
0.129 −1.517 0.201No other health apps 46 30.63

Other health courses 1 20 27.43
0.598 −0.527 0.070No other health courses 1 37 29.85

During high COVID incidences 2 18 23.47
0.088 −1.708 0.226Outside high COVID incidences 2 39 31.55

∆ MET-min/Wo Prepayment 130€ 10 24.70
0.157 −1.416 0.196B0-F6 No costs 42 26.93

Usage of other health apps 10 20.40
0.676 −0.418 0.058No other health apps 42 27.95

Other health courses 1 22 28.36
0.448 −0.759 0.105No other health courses 1 30 25.13

During high COVID incidences 2 15 25.30
0.716 −0.364 0.033Outside high COVID incidences 2 37 26.99

∆ MET-min/Wo Prepayment 130€ 8 18.19
0.814 −0.240 0.039B0-F12 No costs 29 19.22

Usage of other health apps 10 13.95
0.084 −1.727 0.284No other health apps 27 20.87

Other health courses 1 10 21.25
0.448 −0.770 0.127No other health courses 1 27 18.17

During high COVID incidences 2 14 20.64
0.486 −0.720 0.118Outside high COVID incidences 2 23 18.00

Notes: 1 = Other health courses within the last six months at the time of baseline; 2 = High incidences appeared in March to April 2020
and November 2020 to February 2021. Abbreviations: B0 = baseline; F0 = end of intervention; F2 = two months after the intervention;
F4 = four months after the intervention; F6 = six months after the intervention; F12 = twelve months after the intervention; ∆ = difference
between two measurement points.

Table A12. Mann-Whiney-U test: Influence of different factors on the effect of the app on the BMI at the different
measurement points.

Variable Group Variable n Middle Rank p z r

BMI F0

Prepayment 130€ 11 31.91
0.908 −0.116 0.015No costs 53 32.62

Usage of other health apps 14 33.32
0.852 −0.187 0.023No other health apps 50 32.27

Other health courses 1 32 31.89
0.793 −0.262 0.033No other health courses 1 32 33.11

During high COVID incidences 2 29 36.93
0.083 −1.733 0.217Outside high COVID incidences 2 35 28.83

BMI F2

Prepayment 130€ 11 31.91
0.986 −0.018 0.002No costs 52 32.02

Usage of other health apps 14 32.25
0.954 −0.058 0.007No other health apps 49 31.93

Other health courses 1 30 31.82
0.94 −0.076 0.010No other health courses 1 33 32.17

During high COVID incidences 2 14 33.86
0.667 −0.430 0.054Outside high COVID incidences 2 49 31.47
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Table A12. Cont.

Variable Group Variable n Middle Rank p z r

BMI F4

Prepayment 130€ 11 29.98
0.937 −0.079 0.010No costs 47 29.41

Usage of other health apps 11 32.09
0.572 −0.565 0.074No other health apps 47 28.89

Other health courses 1 21 26.69
0.34 −0.955 0.125No other health courses 1 37 31.09

During high COVID incidences 2 17 24.21
0.124 −1.537 0.202Outside high COVID incidences 2 41 31.70

BMI F6

Prepayment 130€ 11 28.68
0.78 −0.279 0.038No costs 43 27.20

Usage of other health apps 10 27.35
0.973 −0.033 0.132No other health apps 44 27.53

Other health courses 1 23 26.57
0.707 −0.376 0.051No other health courses 1 31 28.19

During high COVID incidences 2 15 28.97
0.671 −0.425 0.058Outside high COVID incidences 2 39 26.94

BMI F12

Prepayment 130€ 9 19.41
0.932 −0.086 0.014No costs 29 19.78

Usage of other health apps 10 19.80
0.935 −0.099 0.016No other health apps 28 19.39

Other health courses 1 10 16.10
0.260 −1.127 0.183No other health courses 1 28 20.71

During high COVID incidences 2 14 17.86
0.486 −0.696 0.113Outside high COVID incidences 2 24 20.46

Notes: 1 = Other health courses within the last six months at the time of baseline; 2 = High incidences appeared in March to April 2020
and November 2020 to February 2021. Abbreviations: B0 = baseline; F0 = end of intervention; F2 = two months after the intervention;
F4 = four months after the intervention; F6 = six months after the intervention; F12 = twelve months after the intervention; ∆ = difference
between two measurement points.

Table A13. Mann-Whiney-U test: Influence of different factors on the effect of the app on the BMI between the different
measurement points and B0.

Variable Group Variable n Middle Rank p z r

∆ BMI B0-F0

Prepayment 130€ 11 35.64
0.533 −0.624 0.078No costs 53 31.85

Usage of other health apps 14 29.82
0.536 −0.619 0.077No other health apps 50 33.23

Other health courses 1 32 32.97
0.838 −0.205 0.026No other health courses 1 32 32.03

During high COVID incidences 2 29 28.78
0.139 −0.479 0.060Outside high COVID incidences 2 35 35.59

∆ BMI B0-F2

Prepayment 130€ 11 33.73
0.729 −0.347 0.044No costs 52 31.63

Usage of other health apps 14 28.25
0.381 −0.875 0.110No other health apps 49 33.07

Other health courses 1 30 31.78
0.928 −0.090 0.011No other health courses 1 33 32.20

During high COVID incidences 2 14 33.04
0.809 −0.242 0.030Outside high COVID incidences 2 49 31.70
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Table A13. Cont.

Variable Group Variable n Middle Rank p z r

∆ BMI B0-F4

Prepayment 130€ 11 28.18
0.771 −0.291 0.038No costs 47 29.81

Usage of other health apps 11 33.09
0.428 −0.792 0.104No other health apps 47 28.66

Other health courses 1 21 33.48
0.172 −1.365 0.179No other health courses 1 37 27.24

During high COVID incidences 2 17 30.18
0.843 −0.199 0.026Outside high COVID incidences 2 41 29.22

∆ BMI B0-F6

Prepayment 130€ 11 30.18
0.522 −0.640 0.087No costs 43 26.81

Usage of other health apps 10 28.20
0.875 −0.158 0.022No other health apps 44 27.34

Other health courses 1 23 29.80
0.349 −0.937 0.128No other health courses 1 31 25.79

During high COVID incidences 2 15 29.40
0.578 −0.556 0.076Outside high COVID incidences 2 39 26.77

∆ BMI B0-F12

Prepayment 130€ 9 20.39
0.782 −0.277 0.045No costs 29 19.22

Usage of other health apps 10 21.70
0.463 −0.734 0.119No other health apps 28 18.71

Other health courses 1 10 17.00
0.404 −0.834 0.136No other health courses 1 28 20.39

During high COVID incidences 2 14 24.64
0.028 −2.193 0.356Outside high COVID incidences 2 24 16.50

Notes: 1 = Other health courses within the last six months at the time of baseline; 2 = High incidences appeared in March to April 2020
and November 2020 to February 2021. Abbreviations: B0 = baseline; F0 = end of intervention; F2 = two months after the intervention;
F4 = four months after the intervention; F6 = six months after the intervention; F12 = twelve months after the intervention; ∆ = difference
between two measurement points.
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