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Abstract

Due to the positive effects of rehabilitation declining over time, the aim of this study was to
investigate the long-term physical activity level (PAL) following inpatient rehabilitation in
relation to the use of a smartphone-based after-care program. 202 patients (mean Body
Mass Index (BMI): 30,8 kg/m2; 61% female) with chronic diseases (e.g., diabetes mellitus,
obesity, chronic low back pain, depression) were recruited between 08/2020 and 08/2021 in
this single-arm observational study. All patients underwent a 3-week inpatient rehabilitation
program. PAL (in total activity minutes/week) was measured with a validated (online) ques-
tionnaire (Freiburger Questionnaire on PA) after 3, 6, 9, and 12 months. App usage (online
time, completion of a course) was recorded automatically and used to evaluate the app user
behavior (adherence). A variety of socio-economic factors (age, sex, education level,
income etc.) were collected to identify possible barriers of app use. Except for sex, no signifi-
cant difference was observed for socio-economic factors regarding app usage behavior.
Median PAL significantly increased after rehabilitation in the total cohort from 360 min/week
(before rehabilitation) to 460 min/week 6 months after rehabilitation, then declined to 420
min/week 9 months after rehabilitation before falling below baseline level after 12 months.
There was no significant difference in PAL between app users (45%, 91/202) and non-users
(55%, 111/202), although app users tended to retain higher activity levels after 3 and 6
months, respectively. Overall, our study emphasizes the effectiveness of a 3-week rehabili-
tation program on PAL and the acceptance and usability of a smartphone-based after-care
program in this patient group. The adherence to this 3-months after-care app program was
acceptable (30%), with modest evidence supporting the effectiveness of app use to sustain
PAL in the short term.

Author summary

Increasing PAL is an important goal of medical rehabilitation in a variety of chronic dis-
eases. This goal is often achieved by inpatient rehabilitation programs but is difficult to
implement in everyday life and therefore mostly utilized for short periods of time. In this
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prospective study, we included 202 patients and followed them over a 12-month period.
We recommended patients to use a 3-month smartphone app program at home following
a 3-week inpatient rehabilitation, to support them in their transition to everyday life con-
ditions. Use of this smartphone app was recorded automatically and used to evaluate the
app usage behavior. Besides sex, we did not find significant differences in socio-economic
factors between app users and non-users. In addition, there was no significant difference
in PAL (measured by a questionnaire). However, app users tended to be more active after
3 and 6 months respectively, which could indicate an additional short-term benefit of the
app program after rehabilitation.

1. Introduction

Physical inactivity is one of the most important modifiable risk factors for a variety of chronic
diseases, such as rheumatic disorders (osteoarthritis, chronic low back pain), the metabolic
syndrome (obesity, diabetes mellitus, gout, arterial hypertension), cardiovascular diseases,
some frequent cancers (postmenopausal breast cancer, colon cancer), and also psychiatric dis-
eases, in particular depression [1]. Accordingly, the World Health Organization (WHO) con-
siders a sedentary lifestyle to be one of the four most important risk factors for mortality [2].
Furthermore, physical inactivity is responsible for an enormous economic burden due to
health care costs, in addition to indirect costs such as productivity losses and early retirement
[3,4]. It is estimated that a global increase in physical activity levels (PAL) would prevent more
than 5 million premature deaths per year. Following the WHO recommendations for physical
activity (PA) can reduce the risk of various cancers, cardiovascular disease, stroke and diabetes
by 20-30% [2]. In addition, there is overwhelming evidence for the positive effects of PA on
the course of musculoskeletal diseases, diabetes, obesity, cancer and depression [5-10]. Thus,
PA should not solely be considered a preventive measure, as it also acts as a real polypill and
may even reduce mortality in cardiovascular and tumor disease by 20-40% [10-12].

Although the positive effects of PA for primary, secondary and tertiary prevention have
been known for many years, and the mechanisms by which PA exerts its positive effects on the
metabolism, musculoskeletal system and brain have been intensively explored since then, the
prevalence of physical inactivity in high-income countries has increased from 32-37% between
2001 and 2016, resulting in it to remaining twice as high as in low-income countries [13-15].

Medical rehabilitation presents an opportunity to initiate a physically active lifestyle by pro-
moting a sustained behavioral change. In Germany, patients with chronic diseases may
undergo a three-week inpatient rehabilitation program, which is financed by the German pen-
sion fund. A main goal of these programs is to prevent early retirement by initiating a sustain-
able lifestyle modification. These programs aim to provide support to patients with self-
managing the medium- and long-term challenges associated with their chronic conditions.
The concept is comprehensive and multi-professional. One main treatment goal is increasing
PAL through education, psychological and motivational support, and introduction to physical
exercises (endurance and strength training). However, maintaining successful physical activity
changes achieved in rehabilitation remains a challenge for most patients.

For these patients, mobile-based applications (apps) may offer an additional, attractive tool
to improve long-term outcome after rehabilitation. In recent years, there has been a growing
interest in mobile health applications that support health care services through smartphones in
everyday life. The number of health-related apps that are published on the two leading plat-
forms (iOS and Android) surpassed 100,000 in 2014, a number which has been exponentially
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growing since, reaching over 350,000 available digital health applications on app stores in 2021
[16,17]. More than 50% of smartphone users have installed healthcare apps on their smart-
phones [18-20]. However, most freely available apps are developed outside the healthcare sec-
tor, and there typically are no studies on the effectiveness of these tools in changing people’s
health-related behaviors. Unsurprisingly, many barriers have been identified that may lead to
non-use or high drop-out rates ranging from 23% to 83% [21]. In their recent meta-analysis,
for example, Meyerowitz-Katz et al. have shown that up to 80% of all users of mobile Health
(m-health) interventions engage only at a minimum level, do not log into the health app more
than once, and do not use the app for a longer period [22]. Attrition, defined as lack of patient
use of the intervention, is therefore an important issue for mobile interventions. It may stem
from technical or individual factors (barriers), such as limited internet skills or low attractive-
ness of the app (e.g., lack of game-based elements, lack of user-friendly layout, lack of offline
functionality, or data privacy concerns) [23]. As a consequence, one observational trial of app
usage in a large real-world cohort found that only 2% of participants had sustained continuous
use of the kind necessary to improve clinical outcome parameters [24].

In addition, the use of digital interventions may depend on patient-related socio-economic
factors such as age, education, and ethnicity. A number of studies suggest that digital health
tools should be adopted along with social determinants of health, such as income and educa-
tion, which may result in a digital health divide, therefore increasing differences in the ability
to achieve an improved health outcome due to the use of digital technologies [25,26]. Conse-
quently, this may enhance existing social health inequities, which would not be conducive to
current public health efforts [27]. Thus, it seems mandatory to search for barriers of use in m-
health technologies in order to develop target-group-specific m-health technologies, with the
aim of to improving e-health literacy in populations at risk [26,28].

In summary, there is an urgent need for evidence-based and high-quality m-health applica-
tions for rehabilitation after-care programs. This study focuses on the long-term effectiveness
on the PAL when participating in a smartphone-based after-care program following rehabilita-
tion [29]. Furthermore, different socio-economic factors, which potentially influence the
adherence to this smartphone-based after-care program, are investigated in order to develop
target-group-specific post-rehabilitation programs in the future.

2. Materials and methods
2.1. Study design

This study was designed as a single-arm observational study under real life conditions follow-
ing the completion of an inpatient rehabilitation program. Eligible patients suffering from
chronic diseases (diabetes mellitus, obesity, chronic low back pain, depression) were recruited
at the Hescuro-Rehabilitation Center Bad Bocklet (Germany) from August 2020 until August
2021. After an inpatient treatment for 3-5 weeks, patients fulfilling the eligibility criteria were
invited to an informational session introducing the voluntary study along with the smartphone
application “Videa bewegt”. The app is a certified, digital program, which aims to increase
PAL in everyday life using videos combining educational content and training instructions
[29,30]. Furthermore, the app contains several additional components to increase motivation
and behavioral change, such as goal setting, documentation of progress, messages, and a chat
function with the study team. All patients were instructed by the same study personnel.
Inclusion criteria for patients were an age between 18 and 65 years, ownership of a smart-
phone, adequate German language skills for filling in the questionnaires, and mobility (ability
to reach 10,000 steps/day). Exclusion criteria were constant immobility, critically ill patients,
and severe psychiatric diseases. The included patients received an identification number (ID)
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to pseudonymize their personal data. Data protection was described in a data protection con-
cept and monitored by the local data monitoring committee. The study was approved by the
ethical committee of the Georg-August University of Géttingen and registered in the German
Clinical Trials Register (DRKS00017805).

2.2. Study implementation: Rehabilitation and after-care program

In accordance with the legal bases, patients with somatic diseases underwent an intensive inpa-
tient rehabilitation program for 3 weeks and psychosomatic patients for 5 weeks. Based on
their primary diagnoses, there were moderate adaptations in content and number of treat-
ments, with all treatment programs being multimodal, combining psychological interventions
(psychological counseling, psychoeducation), relaxation techniques (autogenic training, pro-
gressive muscle relaxation), health education lessons (e.g., health knowledge, nutritional
advice), and exercise therapies including endurance training (ergometry, Nordic Walking,
aqua training 2-3x/week) as well strength training (2-3x/week). Treatment was applied accord-
ing to the German Rehabilitation Treatment Guidelines [31]. A major treatment goal for all
rehabilitation patients was to increase their everyday PAL after rehabilitation. This goal was set
in accordance with the patients at the beginning of their rehabilitation program. Of the 264
patients invited to participate in the study after their rehabilitation, 202 patients took part in it.
Patients were introduced to the app in an information session. Installation assistance was
offered as needed. The app granted access to over 40 videos in 8 consecutive courses, providing
background knowledge, motivational techniques, and exercises to participate in. The courses
were supplemented by quizzes to reinforce the learning outcomes for the patients. In addition,
patients were constantly encouraged to take 10,000 steps a day.

2.3. Study goals: Physical activity level and socio-economic factors

The primary outcome parameter was PAL, measured as total activity in minutes per week with
the “Freiburger Fragebogen zur korperlichen Aktivitit” (Freiburg Questionnaire on PAL,
FFkA, German version). This is a standardised questionnaire assessing PAL by addressing 12
questions centered around PAL in daily life and leisure time, as well as enquiring about the
exercise activity in hours per week [32]. Activity is divided into the following categories: basic
activity (e.g., shopping), leisure activity (e.g., taking a walk), and sports activity. Patients were
asked to fill out a physical copy of the questionnaire during their rehabilitation (after signing
consent) and an online version at 3, 6, 9 and 12 months, respectively. In addition, a variety of
socio-economic factors (sex, education level, income) as well as general health-related factors
(Body Mass Index (BMI), medical cause for rehabilitation, total physical activity at study start)
were documented.

The app program was designed to be completed within 3 months after rehabilitation.
Online time, progress, and quizzes were recorded automatically and were used to evaluate the
app user behavior (adherence). Additionally, at the end of the study, patients were asked for
teedback concerning their adherence, app contents, and possible barriers via an online
questionnaire.

2.4. Statistical analysis

Socio-economic parameters and their influence on app usage behavior, as well as the changes
in long-term activity for different app user types, were tested for significance. As usage behav-
ior is considered as a categorical variable (user, part-user, non-user), the chi-square test of
independence was used for the significance test of the following categorial variables: sex, medi-
cal conditions, income, and education level. For the continuous variables, age, body mass
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index (BMI), baseline activity at B0, and the Shapiro-Wilk test were used to test for normal dis-
tribution. The Kruskal-Wallis test was used to test for significance, since the variables did not
follow normal distribution. Furthermore, a linear regression was performed for the number of
completed courses, reflecting the usage behavior as the continuous variable, while taking into
account the aforementioned socio-economic factors.

The Wilcoxon Signed-Rank Test for dependent samples was used to test for significant
changes in total activity for both the different app user groups and all participants as a whole.
Due to multiple testing, Bonferroni correction was applied, resulting in a significance level of
1.25%. Furthermore, the user feedback regarding the app "Videa bewegt" was analyzed
descriptively.

3. Results
3.1 Patients’ characteristics and app adherence

Of the 264 patients fulfilling the inclusion criteria, 202 (77%) took part in the study. Most of
the participants were female (61%) and in the age range of 50-59 (44%). The mean BMI was
30.8 kg/mz. 97/202 (48%) of the patients had a BMI >30 kg/m2 (obesity class 1), with 49/202
(24%) having a BMI >35 kg/ m’ (obesity class 2). The leading clinical diagnosis 97/202 (48%)
of patients was a psychosomatic disorder (mostly depression), followed by patients with ortho-
pedic diseases (mostly chronic low back pain). 78/202 (39%) received a monthly income
between 2,000 and 5,000 €, reflecting a middle class income in Germany [33]. 55/202 (27%)
had a high educational level (e.g., university degree or comparable), 90/202 (45%) had a mid-
educational level (e.g., high school diploma) and 57/202 (28%) had a low educational level
(e.g., lower secondary school graduates). The median total activity at baseline BO (prior to
rehabilitation) accounted to 360 minutes per week, whereas the mean total activity was 513
minutes per week, leading to a right-skewed distribution. 41% of study participants reported a
total activity of less than 300 minutes per week, reflecting a mainly sedentary lifestyle.

Of all 202 participants receiving access to the app, 111/202 (55%) did not download it or
stopped using the app after the first course; these participants were defined as “non-users”. 33/
202 (16%) took part in 2—4 courses and were defined as the “part-user” group. Finally, 58/202
(29%) completed 5 or more courses and belonged to the “user” group. The average number of
completed courses over all participants accounted to 3.2 courses. These groups formed the
basis for the evaluations regarding socio-economic factors and long-term changes in PAL,
which are presented in the following sections.

Fig 1 visualizes all study phases including the development of participants and drop-outs,
whereas Table 1 gives an overview of all assessed socio-economic parameters of the study par-
ticipants at baseline.

3.2 User feedback

User feedback was collected from 66 participants using a feedback questionnaire on the "Videa
bewegt" app after 12 months. 54/66 (83%) stated that they found the app helpful. 48/66 (73%)
particularly liked the video-based content, whereas only 23/66 (35%) considered the quiz ques-
tions helpful. Regarding the activity tracking, both the tracking of activity minutes with 54/66
(82%) and the number of steps with 48/66 (74%) were rated positively. The community within
the app was not considered helpful by 60/66 (91%) of participants. In addition, 22/66 (33%) of
the participants had problems using the app. Here, sign-in problems were mentioned particu-
larly frequently. The time required for using the app was rated as reasonable by 41/66 (62%).
In addition, 21/66 (32%) stated that they continued using the app after completing the course.
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Patient screening and enrollment

Assessment for eligibility: n = 264
Inpatient Declined to participate: 62/264 (23 %)
Rehabilitation Consented for study: 202/264 (77 %)
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Fig 1. Study enrollment and development of participant number.

https://doi.org/10.1371/journal.pdig.0000359.9001

3.3 Socio-economic evaluation of app user groups

Table 2 shows the results of the chi-square test to determine significance of the app user behav-
ior depending on the socio-economic factors of sex, medical condition (diagnosis), income,
and educational level. The table shows the actual frequency and expected frequency in paren-
thesis (exp.) as well as the calculated p-value. In summary, no significance was observed for
any of the investigated factors regarding the app usage behavior.

As mentioned in Section 2.5, the significance of the factors age, BMI, and total activity was
assessed by performing a Kruskal-Wallis test. Fig 2 shows the median, the 25%/75% quantiles,
and the outliers for different user groups for each of the factors examined. No significance was
found for any of the parameters examined (p at B0: age = 0.94, BMI = 0.15, total
activity = 0.88).

Fig 2A shows no distributional differences regarding the usage behavior and age. Fig 2B
indicates that the number of outliers of the body mass index in the non-user group is remark-
ably higher than for the user and part-user group. This is also reflected in the p-value of the sig-
nificance test, which was much lower than for the other parameters. Fig 2C suggests a slightly
higher median of the total activity at baseline B0 of the user group.

Furthermore, a linear regression was performed on all aforementioned socio-economic fac-
tors with continuous (age), categorical (education, income level, medical diagnosis), or binary
(sex) variables, as well as the number of completed courses within the app as the outcome vari-
able. Table 3 presents the results for the R*- and p-values. Since the model includes an
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Table 1. Characteristics of participants.

Overall [%, (n)]

Sex

male [%, (n)]
female [%, (n)]
Age

<29 [%, (n)]
30-39 [%, (n)]
40-49 [%, (n)]
50-59 [%, (n)]
>60 [%, (n)]

BMI

underweight [%, (n)]
healthy weight [%, (n)]
overweight [%, (n)]
obesity class 1 [%, (n)]
obesity class 2 [%, (n)]
obesity class 3 [%, (n)]

Income [€]

low—<1,000 [%, (n)]
low/middle—1,000-2,000 [%, (n)]
middle—2,000-5,000 [%, (n)]
high—>5,000-10,000 [%, (n)]

very high—>10,000 [%, (n)]

Education level
high level [%, (n)]
middle level [%, (n)]
low level [%, (n)]

FFKa-Total activity [min/week]
< 100 [%, (n)]
100-200 [%, (n)]
200-300 [%, (n)]
300-400 [%, (n)]
400-500 [%, (n)]
500-1000 [%, (n)]
>1,000 [%, (n)]
App user behavior
user [%, (n)]
part-user [%, (n)]
non-user [%, (n)]

https://doi.org/10.1371/journal.pdig.0000359.t001

100

39
61

10
16
44
29

20
28
24
11
13

16
35
39
10

27
45
28

16
14
11
17

24
10

29
16
55

intercept term, it only contains two indicator variables and consequently two p-values, to pre-

vent rank deficiency of the design matrix.

3.4 Differences in physical activity level

In the following section, we present the results of the Wilcoxon signed-rank test for the analy-
sis of the total activity change after 3, 6, 9, and 12 months compared to baseline B0 for different

app user types as well as the overall group. Therefore, Table 4 summarizes the number of

remaining participants n, the mean value, the standard deviation SD, the median value, the
25% and 75% quantile of the total activity in minutes per week, as well as the p-value from the

Wilcoxon signed-rank test.

While the dropout rate of the total group was 112/202 (55%), dropouts among users and
part-users were less frequent at a rate of 33/91 (36%), whereas 79/111 (71%) of non-users were
classified as dropouts. While the mean and median values of the total activity of the user group
were typically above the corresponding values of the total cohort, the mean and median values
of the non-user group were, with exception of T9, always below the total cohort. Regarding the
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Table 2. Results for user behavior of the application depending on sex, diagnosis, income, and educational level.

User Part-user Non-User
Sex
Male [act. (exp.)] 15 (16.6) 12 (12.9) 52 (43.4)
Female [act. (exp.)] 43 (35.3) 21(20.1) 59 (67.6)
p=024
Diagnosis
internal [act. (exp.)] 5(9.0) 7 (5.1) 19 (17.2)
orthopedic [act. (exp.)] 20 (16.8) 14 (12.2) 40 (41.1)
psychosomatic [act. (exp.)] 33 (28.1) 12 (16.0) 52 (53.8)
p=024

User Part-user Non-User
Income [€]
<1,000 [act. (exp.)] 16 (11.6) 3(6.6) 13 (22.2)
1,000-2,000 [act. (exp.)] 22 (26.1) 13 (14.9) 37 (50.0)
2,000-5,000 [act. (exp.)] 14 (27.6) 14 (15.7) 48 (52.7)
5,000-10,000 [act. (exp.)] 6 (7.6) 3(4.3) 12 (14.5)
>10,000 [act. (exp.)] 0(0.4) 0(0.2) 1(0.7)
p=075
Education level
High level [act. (exp.)] 16 (15.8) 9 (9.0) 30 (30.2)
Mid level [act. (exp.)] 26 (25.8) 12 (14.7) 52 (49.4)
Low level [act. (exp.)] 16 (16.4) 12 (9.3) 29 (31.3)
p =081

https://doi.org/10.1371/journal.pdig.0000359.t002

location of the 75% quantile, a slight tendency towards higher values for the user and partial
user group could be observed. The analysis showed a significant improvement of the total
cohort from B0 to T6. No significance could be demonstrated for the subgroups.

To give an overview, Fig 3 displays the median activity difference for different times against
the baseline BO. The median activity difference of the different app user types is visualized as a
bar chart, where the median activity difference of all participants is plotted as line. Against
baseline B0, all groups showed a positive change in their median total activity until T9. The
user and part-user groups were more active than the non-user group at T3. After 6 months,
the non-user group showed a bigger change in their median activity than the part-user group,
though the change was still smaller than in the user group. All groups showed a remaining pos-
itive effect of the rehabilitation for 9 months. After 12 months, all groups had a reduction of
their median activity compared to baseline B0. The user and part-user groups, who particularly
benefitted during the first 6 months, exhibited a large reduction of their total activity.

4. Discussion
4.1 Study population

Thus far, few studies have addressed the applicability and effectiveness of digital interventions
on PAL in a post-rehabilitation setting, since inpatient rehabilitation measures that are pro-
vided on a legal basis are available only in selected European countries (Austria, Germany,
Switzerland). Our study sample reflects a representative German rehabilitation population
characterized by the prevailing (pre-retirement) age group of 50-59 years, with most partici-
pants having a non-academic educational level and mostly prevalent chronic health problems
associated with an increased risk of early retirement.

In contrast to the general German population, which has an obesity prevalence among
adults of 18.1%, 97/202 (48%) of our participants were obese with a BMI >30 kg/m?. In a pre-
vious study, we found that 84% of said obese rehabilitants were generally interested in digital
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Fig 2. Results for user behavior of the application depending on (A) age, (B) BMI, (C) total activity at baseline BO.
https://doi.org/10.1371/journal.pdig.0000359.9002

health technologies, but had little practical experience with freely available mobile health inter-
ventions themselves, despite a constantly growing number of available applications [34].
Hence, there still seem to be various barriers to using mobile health applications. In particular,
(obese) individuals of lower socio-economic status might be disinclined to using digital inter-
ventions because of a lower e-health literacy [25,35]. Previous studies provide contradictory
results to this issue. In our study, app usage did not depend on BMI, which underlines that,
during inpatient rehabilitation, it was possible to adequately address and motivate obese
patients to take part in the study. In addition, BMI and other socio-economic factors had no

Table 3. Results for the linear regression of the completed courses depending on socio-economic factors.

Dependent variable Independent variable R? p-value
Number of completed app courses Sex 0.035 0.02
Diagnosis 0.013 0.20]0.15
Income 0.100 0.05 | 0.00 | 0.02
Education 0.001 0.650.71
Age 0.001 0.82
BMI 0.022 0.05
BO physical activity level 0.003 0.43

https://doi.org/10.1371/journal.pdig.0000359.t003
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Table 4. Results of the Wilcoxon signed-rank test, analyzing the change of the total activity depending on app usage behavior.

all participants n

Mean
SD

Median
25% quantile
75% quantile

Wilcoxon p
user n

Mean
SD

Median
25% quantile
75% quantile

Wilcoxon p
part-user n

Mean
SD

Median
25% quantile
75% quantile

Wilcoxon p
non-user n

Mean
SD

Median
25% quantile
75% quantile

Wilcoxon p
https://doi.org/10.1371/journal.pdig.0000359.t004

BO T3 T6 T9 T12
202 131 115 102 90
470 527 618 542 357
372 467 509 450 359
360 390 460 420 263
195 240 270 180 119
640 660 790 780 461
0.1809 0.0049 0.3088 0.0137
58 56 51 50 42
496 592 607 456 428
388 564 543 346 458
392 397 445 409 273
157 245 300 180 138
750 713 765 610 513
0.1760 0.2202 0.5276 0.3987
33 24 21 12 16
462 564 669 716 285
377 483 457 658 226
360 435 450 580 227
195 274 292 347 107
715 690 971 820 433
0.7425 0.1865 0.1670 0.0787
111 51 43 40 32
459 438 607 598 300
364 311 500 479 236
360 330 570 435 249
210 210 203 165 78
630 660 772 990 432
0.7466 0.0232 0.1205 0.0697

impact on the primary outcome parameter, the PAL. This finding is in contrast to Western
et al., who could not find any evidence in their published meta-analysis about digital interven-
tions in individuals of lower socio-economic levels being effective with regard to PAL [36].

4.2 App usage behavior

In contrast to most current publications about studies on the effectiveness of m-health-tech-
nologies, our patients underwent an intensive 3-week inpatient rehabilitation program prior
to the reported intervention [37-39]. During rehabilitation, they were informed about the
importance and need of increasing their PAL according to the WHO guidelines [2]. They were
motivated to stay active after rehabilitation by using the app “Videa bewegt” to further support
them in their struggle for sustained behavioral change in their daily lives. Not surprisingly,
202/264 (77%) of patients fulfilling the inclusion criteria were interested in the app usage at the
end of their rehabilitation and signed the consent form. In contrast to a previous study of
Jakob et al. regarding the (documented) app usage behavior, we found no significant difference
between the analyzed groups relating to socio-economic factors such as age, medical condi-
tion, and education [23]. These findings may be explained by the intense rehabilitation pro-
gram, which allowed to us to motivate and successfully recruit patients of different socio-
economic characteristics. Noteworthily, women were more likely to complete the app program
than men. It is known that women both tend to express greater interest in health interventions
than men and are easier to convince to test new techniques [30]. In addition, patients with
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Fig 3. Median activity difference for different months against baseline B0 and median of all participants without
considering app user behavior.

https://doi.org/10.1371/journal.pdig.0000359.9003

high income tended to be less adherent to the app program. However, this result should be
interpreted with caution, as the number of patients in this sample was very small.

There were no significant differences in app adherence behavior regarding baseline PAL
and underlying health problems. This also applied for our patients with psychiatric diagnoses
and is in contrast to the results of Farvolden et al., who evaluated a 3-month online web pro-
gram for patients with panic disorders and found that only 1% completed the intervention
[40]. Our observations may differ due to the fact that the digital divide has declined during
recent years, but may also stem from our special study design [41]. During the preceding
intensive inpatient rehabilitation program, it was possible to personally address/motivate the
patients and simultaneously introduce them to the app, so that patients could be better per-
suaded to use it. We suppose that direct communication with patients contributed significantly
to the minimization of the digital divide, resulting in us not finding any differences in app
usage with regard to the analyzed socio-economic factors. 1/3 patients completed >5/8 courses
of the app program, which is a significantly better result compared to the findings previously
reported by Meyeritz-Katz et al. [22].

In addition, the percentage of patients who did not complete the program did not differ
from previous studies with healthy participants for whom the usage of the App “Videa bewegt”
was analyzed, thus emphasizing the usability of the app program not only in healthy, but also
in our chronically ill rehabilitants [29,30].

Most non-users reported technical problems and lack of an offline version as reason for
non-use (lack of adherence). A more personalized approach in implementing the app could be
helpful [42]. Overall, we consider the user and part-user number of 91/202 (45%) quite good
for an application-based program. The user feedback (after 12 months) was generally positive,
with 54/66 (83%) of feedback-giving participants rating the app "Videa bewegt" as helpful.
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4.3 Long-term effects on physical activity level

PAL in our total sample at the start of the rehabilitation was 6 h/week and therefore signifi-
cantly lower than in the study by Frey et al., who found a mean total activity of 9.2 h/week in a
systematic sample of the general population of Freiburg, a medium-sized German university
town (n = 612), age 20-98 years [32]. There was a strong effect of the inpatient rehabilitation
program on the PAL of patients with a significant increase in PAL over all groups (app users
and non-users) after 6 months. Median PAL of the total group (total activity minutes/week)
was increased by 8.3% after 3 months, 28.0% after 6 months and 17.0% after 9 months in the
total study population against baseline. Study participants showed the highest activity level 6
months after rehabilitation, confirming once again that medical rehabilitation is an effective
measure for inducing lifestyle changes [43]. Regarding the effectiveness of the “Videa bewegt”
app on long-term self-reported PAL, no significant differences between app users and non-
users could be observed. The increase in PAL was, however, slightly (but not significantly)
more pronounced in app users after 3 and 6 months, which could indicate that the app pro-
gram may have a positive effect on motivating patients to stay more active in the period of 3-6
months (short-term) after rehabilitation. This observation is supported by several recently
published studies, which found small to moderate increases in PA that may be maintained
over several months, but which decrease with time [37-39]. In summary, over a period of 9
months post-rehabilitation, all groups were physically more active than at baseline, which is in
agreement with our previous study [43]. From this we conclude that the positive effect of the
multimodal rehabilitation is the dominant effect on the physical activity level and probably
outweighs the influence of the smartphone app. A recently published study with a follow-up
time of 6 months showed that using a smartphone-app-maintained PAL following pulmonary
rehabilitation in patients with COPD with a significant difference between users and non-
users. In contrast to our study, these patients did not increase their activity level on their own
after rehabilitation [44]. Their activity remained stable (app intervention) or declined (control
group) within 6 months. Other studies investigating the potential effectiveness of m-health
technologies on PAL after rehabilitation in other populations are currently under way [42,45].

In contrast to a previous study of ours, there was a decline of PAL below the initial level
after 12 months which we interpret as an effect of the Corona-Pandemic. During follow-up
time of our study, there was a 7-month lockdown period in Germany during which public life
came to a standstill, sports facilities and gyms were closed, and employees were strongly rec-
ommended to work from home. An international survey recently confirmed that physically
levels substantially decreased in countries affected by COVID-19. Compared to pre-restric-
tions, overall self-reported PAL declined by 41% (moderate-to vigorous PAL) [46].

Opverall, our study supports the results of recently published meta-analyses that m-health
technologies can promote an increase of physical activity in chronically ill patients and that the
effects of a time-limited intervention may be maintained for several months, albeit with a
decrease over time [37-39]. Since current research suggests that the person supervising the
patients’ app usage seems to be one of the most important success factors in promoting moti-
vation for and adherence to behavioral change, a combination of mobile health applications
and individually tailored programs in a well-defined setting with regular personal feedback
might further improve adherence and effectiveness of m-health technologies [42].

4.4 Strengths and limitations

One main strength of our study is that we investigated a representative sample of 202 rehabili-
tants over a period of 12 months under real-life conditions. Another strength is the single-cen-
tered study design so that all participants were informed and instructed by the same study
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personnel. The obtained data on adherence are valid because we had access to the digital data-
base and were thus able to combine socio-economic data with app usage. Nevertheless, most
of the collected data (socio-economic factors such as income, PAL) are based on self-assess-
ment, leading to us being unable to rule out patients giving so-called socially desirable answers
[47]. One further (unpredictable) weakness is that while the study was planned out before the
SARS-CoV-2 pandemic, it was ultimately performed during it, which likely had negative influ-
ences on PAL of our study population. In addition, we must consider that other factors, such
as psychosocial distress caused by the pandemic etc., could have influenced the behavior of our
study population [48,49]. In addition, we cannot rule out seasonal effects when recruiting
patients over several months. Not surprisingly, there were more dropouts in the app non-user
group. Therefore, we cannot rule out that this group may, in actuality, have performed even
worse with regard to PAL.

5. Conclusion

To our knowledge, this is the first study that investigated PAL over a period of 12 months in
rehabilitation patients using a mobile health application for 3 months post-rehabilitation.
Firstly, our study confirms the effectiveness of an inpatient rehabilitation program in this
high-burden (mostly obese) patient group. App users as well as non-users successfully
increased their PAL after the inpatient rehabilitation. Secondly, almost 50% of our study par-
ticipants accepted the offer of a digital aftercare program, resulting in them downloading and
using the app program; most of them evaluated the app as useful to them, underlining the
applicability of the digital after-care program. App usage in this after-care setting did not
depend on socio-economic factors, except for the patients’ sex. Thirdly, app users tended to be
more active than non-users. In particular, use of the app seemed to contribute to a sustained
increase in activity over a period of 9 months. Whether this is a real effect of the app, or the
outcome of a higher intrinsic motivation of app users, requires further evaluation in a random-
ized trial.

Supporting information

S1 Data. The original data is available through the publishing journal. The database holds
the socio-economic factors (sex, age, income, education, income, BMI) as well as the overall
and sub-categorical physical activity level from the “Freiburg Questionnaire on physical activ-
ity level” for all investigated time points. Furthermore, we also provided the number of com-
pleted courses from all participants within the database.

(XLSX)

Acknowledgments
We would like to thank Oskay Ozen for proofreading this work.

Author Contributions

Conceptualization: Monika Reuss-Borst, Peter Schwarz.
Data curation: Johannes Boschmann.

Investigation: Fabian Borst, Monika Reuss-Borst.
Methodology: Fabian Borst, Monika Reuss-Borst.

Resources: Johannes Boschmann.

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000359  October 16, 2023 13/16


http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000359.s001
https://doi.org/10.1371/journal.pdig.0000359

PLOS DIGITAL HEALTH

Mobile-health applications to increase physical activity

Supervision: Monika Reuss-Borst.

Writing - original draft: Fabian Borst, Monika Reuss-Borst.

Writing - review & editing: Fabian Borst, Monika Reuss-Borst.

References

1.

10.

11.

12.

13.

14.

15.

Kohl HW, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, et al. The pandemic of physical
inactivity: global action for public health. The Lancet 2012; 380(9838):294—-305. https://doi.org/10.1016/
S0140-6736(12)60898-8 PMID: 22818941.

Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World Health Organization
2020 guidelines on physical activity and sedentary behaviour. British journal of sports medicine 2020;
54(24):1451-62. https://doi.org/10.1136/bjsports-2020-102955 PMID: 33239350; PubMed Central
PMCID: PMC7719906.

Ding D, Lawson KD, Kolbe-Alexander TL, Finkelstein EA, Katzmarzyk PT, van Mechelen W, et al. The
economic burden of physical inactivity: a global analysis of major non-communicable diseases. The
Lancet 2016; 388(10051):1311-24. https://doi.org/10.1016/S0140-6736(16)30383-X PMID: 27475266.

Santos AC, Willumsen J, Meheus F, llbawi A, Bull FC. The cost of inaction on physical inactivity to pub-
lic health-care systems: a population-attributable fraction analysis. The Lancet Global Health 2023; 11
(1):e32—e39. https://doi.org/10.1016/S2214-109X(22)00464-8 PMID: 36480931; PubMed Central
PMCID: PMC9748301.

Yang Z, Scott CA, Mao C, Tang J, Farmer AJ. Resistance exercise versus aerobic exercise for type 2
diabetes: a systematic review and meta-analysis. Sports medicine (Auckland, N.Z.) 2014; 44(4):487—
99. https://doi.org/10.1007/s40279-013-0128-8 PMID: 24297743.

O’Donoghue G, Blake C, Cunningham C, Lennon O, Perrotta C. What exercise prescription is optimal
to improve body composition and cardiorespiratory fitness in adults living with obesity? A network meta-
analysis. Obesity reviews: an official journal of the International Association for the Study of Obesity
2021; 22(2):e13137. https://doi.org/10.1111/obr.13137 PMID: 32896055; PubMed Central PMCID:
PMC7900983.

Owen PJ, Miller CT, Mundell NL, Verswijveren SJJM, Tagliaferri SD, Brisby H, et al. Which specific
modes of exercise training are most effective for treating low back pain? Network meta-analysis. British
journal of sports medicine 2020; 54(21):1279-87. https://doi.org/10.1136/bjsports-2019-100886 PMID:
31666220; PubMed Central PMCID: PMC7588406.

Schuch FB, Vancampfort D. Physical activity, exercise, and mental disorders: it is time to move on.
Trends in psychiatry and psychotherapy 2021; 43(3):177-84. https://doi.org/10.47626/2237-6089-
2021-0237 PMID: 33890431; PubMed Central PMCID: PMC8638711.

Courneya KS, Friedenreich CM, Quinney HA, Fields ALA, Jones LW, Fairey AS. A randomized trial of
exercise and quality of life in colorectal cancer survivors. Eur J Cancer Care (Engl) 2003; 12(4):347-57.
https://doi.org/10.1046/j.1365-2354.2003.00437.x PMID: 14982314.

Holmes MD, Chen WY, Feskanich D, Kroenke CH, Colditz GA. Physical activity and survival after
breast cancer diagnosis. JAMA 2005; 293(20):2479-86. https://doi.org/10.1001/jama.293.20.2479
PMID: 15914748.

Samitz G, Egger M, Zwahlen M. Domains of physical activity and all-cause mortality: systematic review
and dose-response meta-analysis of cohort studies. International journal of epidemiology 2011; 40
(5):1382-400. https://doi.org/10.1093/ije/dyr112 PMID: 22039197.

Lear SA, Hu W, Rangarajan S, Gasevic D, Leong D, Igbal R, et al. The effect of physical activity on mor-
tality and cardiovascular disease in 130 000 people from 17 high-income, middle-income, and low-
income countries: the PURE study. The Lancet 2017; 390(10113):2643-54. https://doi.org/10.1016/
S0140-6736(17)31634-3 PMID: 28943267.

Pedersen BK, Saltin B. Exercise as medicine—evidence for prescribing exercise as therapy in 26 differ-
ent chronic diseases. Scandinavian journal of medicine & science in sports 2015; 25 Suppl 3:1-72.
https://doi.org/10.1111/sms.12581 PMID: 26606383.

Fiuza-Luces C, Garatachea N, Berger NA, Lucia A. Exercise is the real polypill. Physiology (Bethesda,
Md.) 2013; 28(5):330-58. https://doi.org/10.1152/physiol.00019.2013 PMID: 23997192.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Global physical activity levels: sur-
veillance progress, pitfalls, and prospects. The Lancet 2012; 380(9838):247-57. https://doi.org/10.
1016/S0140-6736(12)60646-1 PMID: 22818937.

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000359  October 16, 2023 14/16


https://doi.org/10.1016/S0140-6736%2812%2960898-8
https://doi.org/10.1016/S0140-6736%2812%2960898-8
http://www.ncbi.nlm.nih.gov/pubmed/22818941
https://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.1016/S0140-6736%2816%2930383-X
http://www.ncbi.nlm.nih.gov/pubmed/27475266
https://doi.org/10.1016/S2214-109X%2822%2900464-8
http://www.ncbi.nlm.nih.gov/pubmed/36480931
https://doi.org/10.1007/s40279-013-0128-8
http://www.ncbi.nlm.nih.gov/pubmed/24297743
https://doi.org/10.1111/obr.13137
http://www.ncbi.nlm.nih.gov/pubmed/32896055
https://doi.org/10.1136/bjsports-2019-100886
http://www.ncbi.nlm.nih.gov/pubmed/31666220
https://doi.org/10.47626/2237-6089-2021-0237
https://doi.org/10.47626/2237-6089-2021-0237
http://www.ncbi.nlm.nih.gov/pubmed/33890431
https://doi.org/10.1046/j.1365-2354.2003.00437.x
http://www.ncbi.nlm.nih.gov/pubmed/14982314
https://doi.org/10.1001/jama.293.20.2479
http://www.ncbi.nlm.nih.gov/pubmed/15914748
https://doi.org/10.1093/ije/dyr112
http://www.ncbi.nlm.nih.gov/pubmed/22039197
https://doi.org/10.1016/S0140-6736%2817%2931634-3
https://doi.org/10.1016/S0140-6736%2817%2931634-3
http://www.ncbi.nlm.nih.gov/pubmed/28943267
https://doi.org/10.1111/sms.12581
http://www.ncbi.nlm.nih.gov/pubmed/26606383
https://doi.org/10.1152/physiol.00019.2013
http://www.ncbi.nlm.nih.gov/pubmed/23997192
https://doi.org/10.1016/S0140-6736%2812%2960646-1
https://doi.org/10.1016/S0140-6736%2812%2960646-1
http://www.ncbi.nlm.nih.gov/pubmed/22818937
https://doi.org/10.1371/journal.pdig.0000359

PLOS DIGITAL HEALTH

Mobile-health applications to increase physical activity

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Zhao J, Freeman B, Li M. Can Mobile Phone Apps Influence People’s Health Behavior Change? An Evi-
dence Review. Journal of Medical Internet Research 2016; 18(11):e287. https://doi.org/10.2196/jmir.
5692 PMID: 27806926; PubMed Central PMCID: PMC5295827.

Grand View Research. Global mHealth Apps Market Size & Trends Report, 2030 [Internet] [cited 2023
Jul 23]. Available from: https://www.grandviewresearch.com/industry-analysis/mhealth-app-market.

Krebs P, Duncan DT. Health App Use Among US Mobile Phone Owners: A National Survey. JMIR
mHealth and uHealth 2015; 3(4):e101. https://doi.org/10.2196/mhealth.4924 PMID: 26537656;
PubMed Central PMCID: PMC4704953.

Paradis S, Roussel J, Bosson J-L, Kern J-B. Use of Smartphone Health Apps Among Patients Aged 18
to 69 Years in Primary Care: Population-Based Cross-sectional Survey. JMIR Formative Research
2022; 6(6):34882. https://doi.org/10.2196/34882 PMID: 35708744; PubMed Central PMCID:
PMC9247815.

Stiftung Bertelsmann. Gesundheits-Apps: Bedeutender Hebel fiir Patient Empowerment—Potenziale
jedoch bislang kaum benutzt. Spotlight Gesundheit;2016(2):1-8.

Donkin L, Christensen H, Naismith SL, Neal B, Hickie 1B, Glozier N. A systematic review of the impact
of adherence on the effectiveness of e-therapies. Journal of Medical Internet Research 2011; 13(3):
e52. https://doi.org/10.2196/jmir.1772 PMID: 21821503; PubMed Central PMCID: PMC3222162.

Meyerowitz-Katz G, Ravi S, Arnolda L, Feng X, Maberly G, Astell-Burt T. Rates of Attrition and Dropout
in App-Based Interventions for Chronic Disease: Systematic Review and Meta-Analysis. J Med Internet
Res 2020; 22(9):€20283. https://doi.org/10.2196/20283 PMID: 32990635; PubMed Central PMCID:
PMC7556375.

Jakob R, Harperink S, Rudolf AM, Fleisch E, Haug S, Mair JL, et al. Factors Influencing Adherence to
mHealth Apps for Prevention or Management of Noncommunicable Diseases: Systematic Review. J
Med Internet Res 2022; 24(5):e35371. https://doi.org/10.2196/35371 PMID: 35612886; PubMed Cen-
tral PMCID: PMC9178451.

Helander E, Kaipainen K, Korhonen |, Wansink B. Factors related to sustained use of a free mobile app
for dietary self-monitoring with photography and peer feedback: retrospective cohort study. J Med Inter-
net Res 2014; 16(4):e109. https://doi.org/10.2196/jmir.3084 PMID: 24735567; PubMed Central
PMCID: PMC4004142.

Patel SP, Sun E, Reinhardt A, Geevarghese S, He S, Gazmararian JA. Social Determinants of Digital
Health Adoption: Pilot Cross-sectional Survey. JMIR Formative Research 2022; 6(12):e39647. https:/
doi.org/10.2196/39647 PMID: 36472905; PubMed Central PMCID: PMC9768657.

Cornejo Miller A, Wachtler B, Lampert T. Digital Divide—Soziale Unterschiede in der Nutzung digitaler
Gesundheitsangebote. Bundesgesundheitsbl 2020; 63(2):185-91. https://doi.org/10.1007/s00103-019-
03081-y PMID: 31915863; PubMed Central PMCID: PMC8057990.

Saeed SA, Masters RM. Disparities in Health Care and the Digital Divide. Current psychiatry reports
2021; 23(9):61. https://doi.org/10.1007/s11920-021-01274-4 PMID: 34297202; PubMed Central
PMCID: PMC8300069.

Xesfingi S, Vozikis A. eHealth Literacy: In the Quest of the Contributing Factors. Interactive journal of
medical research 2016; 5(2):e16. https://doi.org/10.2196/ijmr.4749 PMID: 27226146; PubMed Central
PMCID: PMC4899620.

Reinhardt G, Timpel P, Schwarz PEH, Harst L. Long-Term Effects of a Video-Based Smartphone App
(“VIDEA Bewegt”) to Increase the Physical Activity of German Adults: A Single-Armed Observational
Follow-Up Study. Nutrients 2021; 13(12):4215. https://doi.org/10.3390/nu13124215 PMID: 34959771,
PubMed Central PMCID: PMC8707748.

Fischer T, Stumpf P, Reinhardt G, Schwarz PEH, Timpel P. Video-based smartphone app (‘VIDEA
bewegt’) for physical activity support in German adults: a study protocol for a single-armed observa-
tional study. BMJ Open 2020; 10(3):e034027. https://doi.org/10.1136/bmjopen-2019-034027 PMID:
32234743; PubMed Central PMCID: PMC7170646.

Deutsche Rentenversicherung. Reha-Qualitatssicherung | Reha-Therapiestandards (RTS) [Internet]
[cited 2022 Nov 11]. Available from: https://www.deutsche-rentenversicherung.de/DRV/DE/Experten/
Infos-fuer-Reha-Einrichtungen/Grundlagen-und-Anforderungen/Reha-Qualitaetssicherung/rts.html.

Frey |, Berg A, Grathwohl D, Keul J. Freiburger Fragebogen zur kérperlichen Aktivitat—Entwicklung,
Prifung und Anwendung. Soz Praventivmed 1999; 44(2):55-64. https://doi.org/10.1007/BF01667127
PMID: 10407958.

Statistisches Bundesamt. Verteilung der Einkommensteuerpflichtigen nach Einkinften | Statista [Inter-
net] [cited 2022 Nov 11]. Available from: https://de.statista.com/statistik/daten/studie/202/umfrage/
jahreseinkommen-einkommensteuerpflichtiger-2004/.

Anzelini M., Ellrott T., Reusch A., Reuss-Borst M. Was hélt adipése Rehabilitanden von der Nutzung
Was halt adipdse Rehabilitanden von der Nutzung von post-stationéren Online-Nachsorgeangeboten

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000359  October 16, 2023 15/16


https://doi.org/10.2196/jmir.5692
https://doi.org/10.2196/jmir.5692
http://www.ncbi.nlm.nih.gov/pubmed/27806926
https://www.grandviewresearch.com/industry-analysis/mhealth-app-market
https://doi.org/10.2196/mhealth.4924
http://www.ncbi.nlm.nih.gov/pubmed/26537656
https://doi.org/10.2196/34882
http://www.ncbi.nlm.nih.gov/pubmed/35708744
https://doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/pubmed/21821503
https://doi.org/10.2196/20283
http://www.ncbi.nlm.nih.gov/pubmed/32990635
https://doi.org/10.2196/35371
http://www.ncbi.nlm.nih.gov/pubmed/35612886
https://doi.org/10.2196/jmir.3084
http://www.ncbi.nlm.nih.gov/pubmed/24735567
https://doi.org/10.2196/39647
https://doi.org/10.2196/39647
http://www.ncbi.nlm.nih.gov/pubmed/36472905
https://doi.org/10.1007/s00103-019-03081-y
https://doi.org/10.1007/s00103-019-03081-y
http://www.ncbi.nlm.nih.gov/pubmed/31915863
https://doi.org/10.1007/s11920-021-01274-4
http://www.ncbi.nlm.nih.gov/pubmed/34297202
https://doi.org/10.2196/ijmr.4749
http://www.ncbi.nlm.nih.gov/pubmed/27226146
https://doi.org/10.3390/nu13124215
http://www.ncbi.nlm.nih.gov/pubmed/34959771
https://doi.org/10.1136/bmjopen-2019-034027
http://www.ncbi.nlm.nih.gov/pubmed/32234743
https://www.deutsche-rentenversicherung.de/DRV/DE/Experten/Infos-fuer-Reha-Einrichtungen/Grundlagen-und-Anforderungen/Reha-Qualitaetssicherung/rts.html
https://www.deutsche-rentenversicherung.de/DRV/DE/Experten/Infos-fuer-Reha-Einrichtungen/Grundlagen-und-Anforderungen/Reha-Qualitaetssicherung/rts.html
https://doi.org/10.1007/BF01667127
http://www.ncbi.nlm.nih.gov/pubmed/10407953
https://de.statista.com/statistik/daten/studie/202/umfrage/jahreseinkommen-einkommensteuerpflichtiger-2004/
https://de.statista.com/statistik/daten/studie/202/umfrage/jahreseinkommen-einkommensteuerpflichtiger-2004/
https://doi.org/10.1371/journal.pdig.0000359

PLOS DIGITAL HEALTH

Mobile-health applications to increase physical activity

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

ab? In: Deutsche Rentenversicherung Bund, editor. 28. Rehabilitationswissenschaftliches Kolloquium:
Deutscher Kongress fir Rehabilitationsforschung. Vol 114;2019. p. 154-256.

Latulippe K, Hamel C, Giroux D. Social Health Inequalities and eHealth: A Literature Review With Quali-
tative Synthesis of Theoretical and Empirical Studies. Journal of Medical Internet Research 2017; 19
(4):e136. https://doi.org/10.2196/jmir.6731 PMID: 28450271; PubMed Central PMCID: PMC5427250.

Western MJ, Armstrong MEG, Islam I, Morgan K, Jones UF, Kelson MJ. The effectiveness of digital
interventions for increasing physical activity in individuals of low socioeconomic status: a systematic
review and meta-analysis. The International Journal of Behavioral Nutrition and Physical Activity 2021;
18(1):148. https://doi.org/10.1186/512966-021-01218-4 PMID: 34753490; PubMed Central PMCID:
PMC8576797.

Monninghoff A, Kramer JN, Hess AJ, Ismailova K, Teepe GW, Tudor Car L, et al. Long-term Effective-
ness of mHealth Physical Activity Interventions: Systematic Review and Meta-analysis of Randomized
Controlled Trials. Journal of Medical Internet Research 2021; 23(4):26699. https://doi.org/10.2196/
26699 PMID: 33811021; PubMed Central PMCID: PMC8122296.

Romeo A, Edney S, Plotnikoff R, Curtis R, Ryan J, Sanders |, et al. Can Smartphone Apps Increase
Physical Activity? Systematic Review and Meta-Analysis. J Med Internet Res 2019; 21(3):e12053.

Kirk MA, Amiri M, Pirbaglou M, Ritvo P. Wearable Technology and Physical Activity Behavior Change in
Adults With Chronic Cardiometabolic Disease: A Systematic Review and Meta-Analysis. Am J Health
Promot 2019; 33(5):778-91. https://doi.org/10.1177/0890117118816278 PMID: 30586996.

Farvolden P, Denisoff E, Selby P, Bagby RM, Rudy L. Usage and longitudinal effectiveness of a Web-
based self-help cognitive behavioral therapy program for panic disorder. Journal of Medical Internet
Research 2005; 7(1):e7. https://doi.org/10.2196/jmir.7.1.e7 PMID: 15829479; PubMed Central PMCID:
PMC1550639.

Robotham D, Satkunanathan S, Doughty L, Wykes T. Do We Still Have a Digital Divide in Mental
Health? A Five-Year Survey Follow-up. J Med Internet Res 2016; 18(11):e309. https://doi.org/10.2196/
jmir.6511 PMID: 27876684; PubMed Central PMCID: PMC5141335.

Lunde P, Bye A, Bruusgaard KA, Hellem E, Nilsson BB. Patients’ Experiences of Using a Smartphone
App After Cardiac Rehabilitation: Qualitative Study. JMIR human factors 2022; 9(1):e34294. https://doi.
org/10.2196/34294 PMID: 35319476; PubMed Central PMCID: PMC8987967.

ReuB-Borst M, Boschmann J, Borst F. Nachhaltige Steigerung der Aktivitat durch Rehabilitation. Z
Rheumatol 2022; 81(5):393-9. hitps://doi.org/10.1007/s00393-022-01179-4 PMID: 35320394; PubMed
Central PMCID: PMC9156499.

Spielmanns M, Gloeckl R, Jarosch |, Leitl D, Schneeberger T, Boeselt T, et al. Using a smartphone
application maintains physical activity following pulmonary rehabilitation in patients with COPD: a ran-
domised controlled trial. Thorax 2022. https://doi.org/10.1136/thoraxjnl-2021-218338 PMID: 35450945.

Rutsch M, Jochems N, Schrader A, Brandes I, Weier L, Deck R. ReNaApp: increasing the long-term
effects of oncological rehabilitation through an application after medical rehabilitation (ReNaApp): a
quasi-randomized longitudinal study of prospective design. BMC health services research 2020; 20
(1):378. https://doi.org/10.1186/s12913-020-05248-9 PMID: 32375763; PubMed Central PMCID:
PMC7201602.

Wilke J, Mohr L, Tenforde AS, Edouard P, Fossati C, Gonzalez-Gross M, et al. A Pandemic within the
Pandemic? Physical Activity Levels Substantially Decreased in Countries Affected by COVID-19. Inter-
national Journal of Environmental Research and Public Health 2021; 18(5):2235. https://doi.org/10.
3390/ijerph18052235 PMID: 33668262; PubMed Central PMCID: PMC7967678.

Gnambs T, Kaspar K. Socially Desirable Responding in Web-Based Questionnaires: A Meta-Analytic
Review of the Candor Hypothesis. Assessment 2017; 24(6):746—62. https://doi.org/10.1177/
1073191115624547 PMID: 26739360.

Ammar A, Mueller P, Trabelsi K, Chtourou H, Boukhris O, Masmoudi L, et al. Psychological conse-
quences of COVID-19 home confinement: The ECLB-COVID19 multicenter study. PloS one 2020; 15
(11):e0240204. https://doi.org/10.1371/journal.pone.0240204 PMID: 33152030; PubMed Central
PMCID: PMC7643949.

Holm ME, Sainio P, Parikka S, Koskinen S. The effects of the COVID-19 pandemic on the psychosocial
well-being of people with disabilities. Disability and health journal 2022; 15(2):101224. https://doi.org/
10.1016/j.dhjo.2021.101224 PMID: 34690076; PubMed Central PMCID: PMC8542066.

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000359  October 16, 2023 16/16


https://doi.org/10.2196/jmir.6731
http://www.ncbi.nlm.nih.gov/pubmed/28450271
https://doi.org/10.1186/s12966-021-01218-4
http://www.ncbi.nlm.nih.gov/pubmed/34753490
https://doi.org/10.2196/26699
https://doi.org/10.2196/26699
http://www.ncbi.nlm.nih.gov/pubmed/33811021
https://doi.org/10.1177/0890117118816278
http://www.ncbi.nlm.nih.gov/pubmed/30586996
https://doi.org/10.2196/jmir.7.1.e7
http://www.ncbi.nlm.nih.gov/pubmed/15829479
https://doi.org/10.2196/jmir.6511
https://doi.org/10.2196/jmir.6511
http://www.ncbi.nlm.nih.gov/pubmed/27876684
https://doi.org/10.2196/34294
https://doi.org/10.2196/34294
http://www.ncbi.nlm.nih.gov/pubmed/35319476
https://doi.org/10.1007/s00393-022-01179-4
http://www.ncbi.nlm.nih.gov/pubmed/35320394
https://doi.org/10.1136/thoraxjnl-2021-218338
http://www.ncbi.nlm.nih.gov/pubmed/35450945
https://doi.org/10.1186/s12913-020-05248-9
http://www.ncbi.nlm.nih.gov/pubmed/32375763
https://doi.org/10.3390/ijerph18052235
https://doi.org/10.3390/ijerph18052235
http://www.ncbi.nlm.nih.gov/pubmed/33668262
https://doi.org/10.1177/1073191115624547
https://doi.org/10.1177/1073191115624547
http://www.ncbi.nlm.nih.gov/pubmed/26739360
https://doi.org/10.1371/journal.pone.0240204
http://www.ncbi.nlm.nih.gov/pubmed/33152030
https://doi.org/10.1016/j.dhjo.2021.101224
https://doi.org/10.1016/j.dhjo.2021.101224
http://www.ncbi.nlm.nih.gov/pubmed/34690076
https://doi.org/10.1371/journal.pdig.0000359

