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Abstract
Introduction: This study aims to develop and test a Cognitive-Behavioral Theory (CBT) based mobile application in accordance with the
evidence-based physical activity recommendations in order to improve the health-related physical �tness parameters of university students
with inadequate levels of physical activity.

Methods: Participants were selected from students at … University, who did not meet the lowest level of physical activity recommended by
the World Health Organization and the American College of Sport Medicine for healthy adults for the past 6 months. Experimental research
design with randomized control group was used in the study. Participants were randomly distributed into the experimental (n=63) and
control groups (n=62). Participants in the experimental group performed an average of 40 minutes of aerobic, strength and �exibility
exercises 4 days a week for 8 weeks, using the Exercise Education and Prescription (ERVE) mobile application, developed within the scope
of the research. They also received CBT-based exercise education through the ERVE application. Participants were evaluated for health-
related physical �tness parameters before and after the study.

Results: As a result of the 8-week application through ERVE, the maximum oxygen consumption, maximum push-ups, maximum sit-ups,
hand grip strength and body �exion values of the participants in the experimental group was found to statistically signi�cantly differ than
that of the control group (p<0.05).

Conclusions: As a result, the ERVE mobile application can help university students with insu�cient levels of physical activity increase their
physical activity levels and improve some of the health-related physical �tness parameters.

1. Introduction
Physical inactivity, one of the risk factors for non-communicable diseases, is recognized as a global public health problem [1]. Low level of
physical activity is cited among the causes of chronic diseases such as cardiovascular disease [2], stroke [3], hypertension [4], certain types
of cancer [5], obesity, and Type 2 diabetes [6]. However, according to data from the World Health Organization (WHO), 1 in every 4 adults and
3 in every 4 adolescents (11–17 age group) on a global scale have insu�cient levels of physical activity [7].

In order to avoid the negative effects of physical inactivity, WHO and ACSM recommend that adults in the 18–64 group should perform
moderate to severe aerobic exercise for at least 150 minutes per week or high intensity exercise for at least 75 minutes, or an equivalent
combination of moderate and high intensity exercises [7]. An exercise needs to be individually prescribed to increase the level of physical
activity, and to minimize the risks of exercise [9]. Exercise prescription consists of sub-components such as intensity, duration, frequency,
scope, progress, and type [10]. However, characteristics such as age, gender, health history, �tness status, socio-economic and
environmental factors are other issues that need to be taken into account when preparing the right exercise prescription [11].

Another important problem with exercise is that commitment to exercise is low for various reasons and people cannot maintain exercise
behavior. Cognitive-Behavioral Theory (CBT) is one of the theories used in creating a behavioral change or sustaining a behavior [13]. This
approach aims to create and maintain desired behavioral changes in people by interfering with emotional, behavioral and cognitive
processes. Looking at the literature, it is seen that training programs prepared with behavioral theories in mind increase the adaptation and
continuation rates of individuals [14, 15].

In addition to increasing compliance to exercise with a theory-based approach for a habit of regular exercise, the idea that the Internet can
also be used as a supporting tool comes to the fore in line with technological developments in this regard. Internet-based applications have
been shown to increase physical activity levels of individuals with various chronic diseases, and have a positive effect on their treatment [16,
17]. One of the most common uses of the technology-based approach today is smartphone applications. However, meta-analysis studies
that investigate the nature of existing mobile exercise applications show that most applications in app stores are designed in a way that
focuses on drawing attention, visuals, and marketing, far from scienti�c evidence-based information [18, 19]. As a result of our review of
mobile applications, there was no mobile exercise application that have CBT-based training support and take into account the physical
activity recommendations by WHO and ACSM.

The aim of this study is to develop a CBT-based mobile exercise application that complies with evidence-based physical activity
recommendations, and to investigate the change in health-related physical �tness parameters university students with insu�cient physical
activity levels.

2. Methods
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2.1. Study Design
This study was conducted using the randomized control trial (RCT) research design. The study adhered the SPIRIT 2013 declaration [21],
and the intervention was reported according to the CONSORT-EHEALTH checklist [22].

2.2. Participants
Before starting the study, the sample size to be used in the research was calculated using the G-Power 3.1 power analysis program. In the
power analysis, analysis of variance for mixed measurements was taken into account for 80% statistical power (1-β) at 0.05 (α) level of
signi�cance, and it was calculated that the sample size of 98 individuals would be su�cient. Considering the losses in number of subjects
that may occur during the study, a sample group was formed with 125 participants who volunteered for the study and met the research
inclusion criteria. The schematic structure of the research design is presented in Fig. 1. Flow diagram of the study

(Fig. 1 is here)

First, the research was announced to the students at ... University through posters, mails and social media. Since most of the volunteers to
participate in the study were female (74%), the study group included only female participants. By contacting potential participants (n = 181),
participants who did not meet the research inclusion criteria were identi�ed (n = 37). Hundred-and-forty-four participants who met the
inclusion criteria were invited to ... University Sports Performance Laboratory for the �rst measurements. Among those invited, 19 people
refused to participate in the �rst measurements for various reasons. As a result, the �rst measurements were made with a group of 125
subjects.

The inclusion criteria for the study were as follows: a) Individuals who are 18 years or older; b) who did not meet the lowest level of physical
activity recommended for healthy adults for the last 6 months (regular physical activity 3–5 days a week, 150 minutes of moderate intensity
or 75 minutes of high intensity); c) who have an Apple or Android-based smartphone with a data plan; d) who did not have a health problem
diagnosed by health care providers that hinders participating a moderate-severe regular physical activity.

The exclusion criteria of the study were as follows: a) Data from participants who did not complete at least 24 (75%) of the 32 training
sessions in the ERVE exercise application were not used in Per-Protocol Analysis.

2.3. Randomization
After the �rst measurements, participants were randomly assigned to the experimental and control groups due to the design of the
research, participants could not be blinded in terms of their assigned groups. At the evaluation stage of the results, however, the researcher
performing the analysis was blinded to the groups.

3. Intervention

3.1. Control Panel of the ERVE Mobile Exercise Application
The ERVE application has a web-based control panel that can be accessed by the research team. Content for the mobile application can be
managed through this control panel. In addition, users' behavior in the application can be monitored instantly via the control panel. For
example, data such as the user's login, the time to start and end a training session, and the number training sessions completed can be
accessed through the control panel.

3.2. Interface of the ERVE Mobile Exercise Application
When ERVE is downloaded for the �rst time via Android Play Store and Apple Store, the user is asked to sign up with his/her email address
and password. Registered and logged in users are welcomed by 5 different buttons (see Fig. 2).

(Fig. 2 is here)

3.3. Development of the ERVE Mobile Application
The content and features of the ERVE applications were designed with an interdisciplinary approach by a team of experts in the �eld of
exercise, health and software. The main aim of ERVE is help university students with insu�cient physical activity levels via a mobile
application to meet the lowest level of physical activity recommended by WHO and ACSM for healthy adults.

3.3.1. Exercise Prescription Component
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The purpose of the exercise prescription component is to increase participants' physical activity levels in order to improve their health-
related physical �tness parameters. The exercise prescription component offers an exercise program designed by taking into account the
evidence-based information in the exercise prescription and tests guideline of ACSM [12] and the minimum level of physical activity
recommended by WHO and ACSM.

A 32-session exercise program for the target group was created within the mobile application. Each session lasts 40–45 minutes. The
sessions were divided into 3 main categories: aerobics, strength and �exibility. Sessions were prepared on the basis of general FITT-VP
principle of exercise prescription (F:frequency, I:Intensity, T:Time, T:Type, V:Volume, P:Progression) by using 112 different exercise
movements that can be performed at home without any equipment.

3.3.2. Structure of the Exercise Program
Participants were provided 4 training sessions per week via the ERVE mobile application (frequency component). The main part of 2 weekly
sessions is composed of cardio-based movements, and the main part of the other 2 sessions is composed of strength-based movements.
The warm-up and cooling-down sections of each session are formed from movements based on �exibility. The Borg scale was used to
determine the intensity of the exercises [23]. Prior to the application of the study, each participant was provided with the necessary
information about the Borg scale and was expected to adjust the perceived di�culty level of the movements during the training sessions to
12 to 14 degrees of intensity (moderate intensity) (intensity component). The average duration of each exercise session is designed to be
40–45 minutes (duration component). Cardio exercises consisted of dynamic movements that can be performed in a home environment,
which aims to raise pulse, strength exercises consisted of dynamic and static style movements to be performed without any equipment, but
only the body weight, the preliminary �exibility exercises consisted of dynamic movements, and the �nal �exibility exercises consisted of
static movements (type component). The scope of the exercise sessions was created by evaluating the duration, intensity and frequency
components together, taking into account the �tness characteristics of individuals with insu�cient physical activity levels (scope
component). As the user moves between training sessions, the di�culty levels of the movements increase (progress component).

(Table 1 is here)

3.3.3. Exercise Education Component
A 7-part video training module was prepared in the exercise education component, accessible via the application. A training video was
shared with users every week through the application. To allow the user to move to the next week's training video, the user must have
watched the previous week's training video. This component of the mobile application is based on CBT principles, which include both
behavioral and cognitive techniques to support change [13, 24]. Each training video focused on a speci�c topic planned to overcome the
barriers to exercise and increase motivation and aimed to improve physical activity behavior. The focus of training is to eliminate negative
thoughts about exercise and support exercise behavior.

Content of the Training Videos: 1) Bene�ts of exercise; 2) Setting goals; 3) Time management; 4) Exercise and coping with stress; 5)
Exercise and coping with anger; 6) Setting and exceeding goals; 7) Exercise and coping with anxiety;

The physical activity behavior changes techniques used are as follows: providing information on the link between behavior and health link,
informing about consequences, prompt barrier identi�cation, providing instruction, providing a model or demonstrating the behavior, setting
goals, motivational cuing, stress management, strategies for problem solving/coping, and time management [25].

3.4. Study Group

3.4.1. Control Group
Participants in the control group, however, were expected to maintain the level of physical activity they had. The pre- and post-test
measurements of the participants in the control group were completed with an 8-week interval. At the end of the research, participants in
the control group were given the opportunity to use ERVE according to their wishes.

3.4.2. Experimental Group
A document on how to use ERVE was provided to participants in the experimental group. Then, participants downloaded the ERVE
application to their phones via Android and Apple stores. Participants in the experimental group were expected to regularly perform the
ERVE exercise program for 8 weeks. On the other hand, participants were provided with expert support and CBT-based exercise education
content through the application. After the �rst measurements, the �nal measurements were made in the participants in the experimental
group after 8 weeks.
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3.5. Measurements
Health-related physical �tness parameters of the participants were evaluated. For cardio-respiratory �tness, maximal oxygen consumption
capacity (Max VO2) was measured through the 20-meter shuttle run test. A hand dynamometer was used to evaluate the isometric strength.

Maximum push-up and sit-up tests were used for determining the muscle endurance. For �exibility assessment, the �exibility at the hip joint,
back, and hamstring muscles was evaluated by the trunk �exion test. For body composition evaluation, body mass index and body fat
percentage were determined by the bio-electric impedance device.

3.6. Statistical Analyses
All the data were analyzed by SPSS (Statistical Package for Social Sciences), version 21 (SPSS Inc., Chicago, IL, USA). All participants in the
experimental and control groups were included for intention-to-treat analyses. Baseline differences between the experimental group and the
control group were evaluated using independent t-tests. Homogeneity of variance was investigated using the Levene test.

General Linear Model (GLM) repeated measures (RM) ANOVAs were used to determine the treatment effects of the ERVE app on body
composition, muscular �tness, cardio-respiratory �tness, and �exibility in exercise. The GLM included time (pre- and post-test), condition
(experimental group and control group) and time-by-condition as �xed effects and time as a repeated measure. Effect sizes were calculated
with partial Eta squared (ηp2) with small, medium and large effects de�ned as 0.01, 0.06 and 0.14, respectively. The level of signi�cance
was set at: p < 0.05.

3.7 Ethical Approval
Ethics approval numbered 60116787-020/4802 as obtained from the Ethics Committee of the Faculty of Medicine at ... University. 

4. Results
At the beginning of the study, 125 participants were randomly assigned to the experimental (n=63) and control (n=62) groups. The average
age of the participants was 21.51±1.50, and the minimum-maximum age range was 18-30. All participants were female. As a result of the
�rst measurements, there was no difference between groups in terms of health-related physical �tness parameters (p>0.05). 

4.1.  Intent-to-Treat Analyses

Data from all participants (n=125) involved in the study were used in the Intent-to-Treat analysis. Regardless of the number of exercises for
the experimental group, data from the entire study group were included in the analysis. In accordance with the Intent-to-Treat analysis, The
�rst measurement results of the individuals who did not participate in the 2nd measurements were included in the analysis with the same
values. For intention-to-treat analyses, two-way factorial repeated measures ANOVA was used to assess the main effects of condition and
time, and the condition x time interaction (Table 2). 

(Table 2 is here)

4.2.  Per-Protocol Analyses

Per-Protocol analysis was used to see the change in health-related physical �tness parameters as a result of regular use of the ERVE mobile
application. Only the results of participants who completed at least 24 or more of the 32 sessions within the ERVE mobile application were
included in this analysis. In addition, data of individuals who did not participate in the second measurements were not included in the Per-
Protocol analysis.

Twenty-�ve participants from the experimental group were not included in the Per-Protocol analyses since they performed less than 24
training sessions. Eleven people in the control group did not want to participate in the second measurements for various reasons. As a
result, 38 people in the experimental group and 51 people in the control group were evaluated for analysis. Table 3 shows results of the per-
protocol analyses outcomes. 

(Table 3 is here)

5. Discussion
The aim of this study is to develop a CBT-based mobile exercise application that complies with evidence-based physical activity
recommendations, and to investigate the change in health-related physical �tness parameters university students with insu�cient physical
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activity levels. As a result of 8 weeks of use of the ERVE mobile application, the change in body weight, BMI, body fat ratio, max VO2, hand
grip strength, maximum push-ups, maximum sit-ups and body �exion values was investigated.

Looking at the change in the body composition of the participants, it can be stated that although there was a statistically signi�cant
difference (p<0.05) in the body weight and BMI values in favor of the experimental group as a result of the Intent-to-Treat analysis, there the
change had no clinical signi�cance. On the other hand, there was no statistically signi�cant difference between the experimental and control
groups in terms of body fat percentage (p>0.05). Participants received an average of 40 minutes aerobic exercises 2 days a week 2 days a
week via the ERVE mobile application. These aerobic exercise sessions consist of dynamic movements based on time or repetition in order
to increase the individual's pulse to a level above the resting pulse (for example, Jumping Jack, boxing, Burpee, etc.). Aerobic exercises may
be the main reason for the statistically signi�cant difference in body weight and BMI values between groups. This result is consistent with
aerobic exercise studies in the literature [29]. On the other hand, poor clinical signi�cance of this difference and no difference in body fat
percentage may be due to short duration of the intervention and/or no intervention in the diet of the participants. It is observed in studies in
the literature that changes in body fat ratio can be achieved over longer periods of time [30].

Considering the effectiveness of the application in terms of cardiorespiratory endurance characteristics, participants in the experimental
group were found to statistically signi�cantly differ compared to participants in the control group (p<0.05). However, the change in Max VO2

has a moderate (ηp2 =0.09) level impact according to the intent to treat analysis and a high level impact (ηp2 =0.21) according to the per-
protocol analysis. Looking at the max VO2 values of the participants as a result of the �rst measurements in the study, their age group was
found to be signi�cantly lower than the average norm values [12]. This may be due to the insu�cient physical activity levels of the
participants. The ERVE mobile application aimed to keep participants in the experimental group physically active for an average of over 150
minutes per week (1 session is 40 minutes on the average; 4 sessions per week, 4 x 40 =160 min.). Therefore, the change seen in the max
VO2 values of the experimental group may be related to the increased physical activity level of the participants. The moderate level of
impact according to the result of the Intent-to-Treat analysis, and the high level of impact according to the Per-Protocol analysis shows that
the change observed in max VO2 increases with the increase in the number of sessions performed. A positive relationship between high
levels of physical activity and max VO2 values of individuals has been shown in previous studies in the literature [31].

When we examined the changes in the muscular �tness parameter, a statistically signi�cant difference was found in the values of right hand
grip strength, maximum push-ups and maximum sit-ups in favor of the experimental group as a result of the Intent-to-Treat analysis
(p<0.05). Moreover, the change in right hand grip strength had a moderate level of impact (ηp2 =0.09), while the change in maximum push-

ups (ηp2 =0.22) and maximum sit-ups (ηp2 =0.28) had a high level of impact. Participants were provided with approximately 40-minute
strength exercises using their own body weight, without using an equipment, via the ERVE mobile application for 2 days a week (e.g., plank,
sit-ups, push-ups, Russian twist, etc.) In addition, according to the progress principle of the exercise prescription, the di�culty level of the
strength training movements was designed in an gradually-increasing manner. It has been shown in the literature that properly structured
exercises can result in achieving signi�cant changes in strength development [32,33].

When the body �exion values were examined to observe the change in �exibility characteristics, the experimental group was found to be
statistically signi�cantly different from the control group (p<0.05). According to the results of the Intent-to-Treat analysis, the change in the
average values of the experimental group has a high level of impact (ηp2=0.16). In the ERVE application, the preliminary section of each
exercise session contains dynamic warm-up �exibility exercises, and the �nal section contains static cooling �exibility exercises. Although
the study group initially consisted of individuals with insu�cient physical activity levels, no participant complained of an exercise-related
injury or adverse condition at the end of the study. Studies in the literature show that low �exibility is positively associated with a high level
of injury risk [34]. This may indicate that the �exibility training program in the ERVE mobile application allows the experimental group to
appropriately improve their �exibility.

Along with all this information, recent research shows that mobile applications and the Internet-based approach are being used as an
effective tool in the �eld of exercise and health. Researchers have tried to increase the level of physical activity or awareness in different
groups, such as patients with cancer [41], children with heart disease [42], people with diabetes [43], the elderly [44] and o�ce workers [45],
through mobile applications. As a result of the literature review conducted in conjunction with these current approaches, there was no study
of evidence-based physical activity recommendations with CBT-based training support. ERVE mobile exercise application can be stated to
be the �rst study in the literature to have this approach.

Conclusion
As a result, the ERVE mobile application can help university students with low levels of physical activity increase their physical activity levels
and improve their health-related physical �tness parameters, when used regularly.



Page 7/13

Declarations
Author Contribution

…: Conceptualization, Data curation, Formal analysis, Methodology, Validation, Writing - review & editing. …: Data curation, Writing - review &
editing, Supervision, Visualization.

Declaration of Competing Interests

The authors would like to declare that there is no issue related to con�ict of interest for this study.

Funding  

This research did not receive any speci�c grant from funding agencies in the public, commercial, or not-for-pro�t sectors.

Acknowledgements

We would like to thank the study participants.

Data Availability

Please contact the author for access to further information about the study.

References
1. F.C. Bull, A.E. Bauman, Physical Inactivity: The “Cinderella” Risk Factor for Noncommunicable Disease Prevention, J Health Commun. 16

(2011) 13–26. https://doi.org/10.1080/10810730.2011.601226.

2. C. Pocnet, J.P. Antonietti, M.P.F. Strippoli, J. Glaus, J. Rossier, M. Preisig, Personality, tobacco consumption, physical inactivity, obesity
markers, and metabolic components as risk factors for cardiovascular disease in the general population, Psychol Health Med. 22
(2017). https://doi.org/10.1080/13548506.2016.1255767.

3. X. Yi, H. Luo, J. Zhou, M. Yu, X. Chen, L. Tan, W. Wei, J. Li, Prevalence of stroke and stroke related risk factors: A population based cross
sectional survey in southwestern China, BMC Neurol. 20 (2020). https://doi.org/10.1186/s12883-019-1592-z.

4. X. Díaz-Martínez, F. Petermann, A.M. Leiva, A. Garrido-Méndez, C. Salas-Bravo, M.A. Martínez, A.M. Labraña, E. Duran, P. Valdivia-Moral,
M.L. Zagalaz, F. Poblete-Valderrama, C. Alvarez, C. Celis-Morales, Association of physical inactivity with obesity, diabetes, hypertension
and metabolic syndrome in the chilean population, Rev Med Chil. 146 (2018). https://doi.org/10.4067/s0034-98872018000500585.

5. M. Touillaud, M. Arnold, L. Dossus, H. Freisling, F. Bray, I. Margaritis, V. Deschamps, I. Soerjomataram, Cancers in France in 2015
attributable to insu�cient physical activity, Cancer Epidemiol. 60 (2019). https://doi.org/10.1016/j.canep.2019.02.009.

�. S.B. Eaton, S.B. Eaton, Physical Inactivity, Obesity, and Type 2 Diabetes: An Evolutionary Perspective, Res Q Exerc Sport. 88 (2017).
https://doi.org/10.1080/02701367.2016.1268519.

7. World Health Organization, Global action plan on physical activity 2018-2030: more active people for a healthier world, 2018.

�. B. Ünal, G. Ergör, G. Horasan, S. Kalaça, K. Sözmen, Turkey incidence of chronic diseases and risk factors study(No.909), Ankara, 2013.

9. A.L. Gibson, D. Wagner, V. Heyward, Advanced Fitness Assessment and Exercise Prescription, 8th ed., Human kinetics, IIinois, 2019.

10. D. Nieman, Exercise Testing and Prescription - A health related approach, 2011.

11. Kate. Woolf-May, S.R. Bird, Exercise prescription : physiological foundations : a guide for health, sport and exercise professionals, in:
Churchill Livingstone, 2006: p. 274.

12. L.S. Pescatello, D. Riebe, P.D. Thompson, eds., ACSM’s guidelines for exercise testing and prescription, 9th ed., Lippincott Williams &
Wilkins, Philadelphia, 2014.

13. J.S. Beck, Cognitive Behaviour Therapy: Basics and Beyond, 2nd ed., Guilford Press, New York, 2011.

14. L. Fleig, M.M. McAllister, P. Chen, J. Iverson, K. Milne, H.A. McKay, L. Clemson, M.C. Ashe, Health behaviour change theory meets falls
prevention: Feasibility of a habit-based balance and strength exercise intervention for older adults, Psychol Sport Exerc. 22 (2016).
https://doi.org/10.1016/j.psychsport.2015.07.002.

15. E.C. Voth, N.D. Oelke, M.E. Jung, A theory-based exercise app to enhance exercise adherence: A pilot study, JMIR Mhealth Uhealth. 4
(2016). https://doi.org/10.2196/mhealth.4997.

1�. T.A. Kouwenhoven-Pasmooij, S.J.W. Robroek, S.W. Ling, J. van Rosmalen, E.F.C. van Rossum, A. Burdorf, M.G.M. Hunink, A blended web-
based gaming intervention on changes in physical activity for overweight and obese employees: In�uence and usage in an experimental



Page 8/13

pilot study, JMIR Serious Games. 5 (2017). https://doi.org/10.2196/games.6421.

17. W. Kuijpers, W.G. Groen, N.K. Aaronson, W.H. van Harten, A systematic review of web-based interventions for patient empowerment and
physical activity in chronic diseases: Relevance for cancer survivors, J Med Internet Res. 15 (2013). https://doi.org/10.2196/jmir.2281.

1�. E.E. Brannon, C.C. Cushing, A Systematic Review: Is There an App for That? Translational Science of Pediatric Behavior Change for
Physical Activity and Dietary Interventions, J Pediatr Psychol. 40 (2015) 373–384. https://doi.org/10.1093/jpepsy/jsu108.

19. E. Karyotaki, L. Kemmeren, H. Riper, J. Twisk, A. Hoogendoorn, A. Kleiboer, A. Mira, A. Mackinnon, B. Meyer, C. Botella, E. Littlewood, G.
Andersson, H. Christensen, J.P. Klein, J. Schröder, J. Bretón-López, J. Scheider, K. Gri�ths, L. Farrer, M.J.H. Huibers, R. Phillips, S.
Gilbody, S. Moritz, T. Berger, V. Pop, V. Spek, P. Cuijpers, Is self-guided internet-based cognitive behavioural therapy (iCBT) harmful? An
individual participant data meta-Analysis, Psychol Med. 48 (2018). https://doi.org/10.1017/S0033291718000648.

20. E. Knight, M.I. Stuckey, H. Prapavessis, R.J. Petrella, Public Health Guidelines for Physical Activity: Is There an App for That? A Review of
Android and Apple App Stores, JMIR Mhealth Uhealth. 3 (2015). https://doi.org/10.2196/mhealth.4003.

21. A.W. Chan, J.M. Tetzlaff, P.C. Gøtzsche, D.G. Altman, H. Mann, J.A. Berlin, K. Dickersin, A. Hróbjartsson, K.F. Schulz, W.R. Parulekar, K.
Krleza-Jeric, A. Laupacis, D. Moher, SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical trials, BMJ. 346 (2013).
https://doi.org/10.1136/BMJ.E7586.

22. D. Moher, S. Hopewell, K.F. Schulz, V. Montori, P.C. Gøtzsche, P.J. Devereaux, D. Elbourne, M. Egger, D.G. Altman, CONSORT 2010
explanation and elaboration: updated guidelines for reporting parallel group randomised trials., BMJ. 340 (2010).
https://doi.org/10.1136/bmj.c869.

23. G.A. v Borg, Psychophysical bases of perceived exertion., Med Sci Sports Exerc. 14 (1982) 377–381.
https://doi.org/10.1249/00005768-198205000-00012.

24. C.M. Woodard, M.J. Berry, Enhancing adherence to prescribed exercise: Structured behavioral interventions in clinical exercise
programs, J Cardiopulm Rehabil. 21 (2001). https://doi.org/10.1097/00008483-200107000-00002.

25. C. Abraham, S. Michie, A Taxonomy of Behavior Change Techniques Used in Interventions, Health Psychology. 27 (2008).
https://doi.org/10.1037/0278-6133.27.3.379.

2�. L.A. Leger, J. Lambert, A maximal multistage 20-m shuttle run test to predict VO2 max, Eur J Appl Physiol Occup Physiol. 49 (1982).

27. L.E. Holt, T.W. Pelham, D.G. Burke, Modi�cations to the Standard Sit-and-Reach Flexibility Protocol, J Athl Train. 34 (1999) 47.
/pmc/articles/PMC1322873/?report=abstract (accessed February 10, 2022).

2�. C. Perret, S. Poiraudeau, J. Fermanian, M.M. Lefèvre Colau, M.A. Mayoux Benhamou, M. Revel, Validity, reliability, and responsiveness of
the �ngertip-to-�oor test, Arch Phys Med Rehabil. 82 (2001). https://doi.org/10.1053/apmr.2001.26064.

29. G. Fisher, G.R. Hunter, B.A. Gower, Aerobic exercise training conserves insulin sensitivity for 1 yr following weight loss in overweight
women, J Appl Physiol. 112 (2012). https://doi.org/10.1152/japplphysiol.00843.2011.

30. A. Thorogood, S. Mottillo, A. Shimony, K.B. Filion, L. Joseph, J. Genest, L. Pilote, P. Poirier, E.L. Schiffrin, M.J. Eisenberg, Isolated Aerobic
Exercise and Weight Loss: A Systematic Review and Meta-Analysis of Randomized Controlled Trials, Am J Med. 124 (2011) 747–755.
https://doi.org/10.1016/J.AMJMED.2011.02.037.

31. H.C.G. Kemper, K.D. Monyeki, The Amsterdam Growth and Health longitudinal study: How important is physical activity in youth for later
health? (ELS 33), Cardiovasc J Afr. 30 (2019). https://doi.org/10.5830/CVJA-2018-057.

32. I. Janssen, A. Leblanc, Systemic review of the health bene�ts of physical activity and �tness in school-aged children and youth.
International Journal of Behavioural Nutrition & Physical Activity, 7, 40, Int J Behav Nutr Phys Act. 7 (2010).

33. E. Sillanpää, D.E. Laaksonen, A. Häkkinen, L. Karavirta, B. Jensen, W.J. Kraemer, K. Nyman, K. Häkkinen, Body composition, �tness, and
metabolic health during strength and endurance training and their combination in middle-aged and older women, Eur J Appl Physiol.
106 (2009). https://doi.org/10.1007/s00421-009-1013-x.

34. B. Soriano-Ferriz, F. Alacid, FLEXIBILITY PROGRAMS AND EXERCISES WITHIN PHYSICAL EDUCATION CLASSES FOR
SCHOOLCHILDREN, AND THEIR EFFECT ON THE IMPROVEMENT OF HAMSTRING EXTENSIBILITY: A SYSTEMATIC REVIEW, MHSALUD-
REVISTA EN CIENCIAS DEL MOVIMIENTO HUMANO Y LA SALUD. 15 (2018).

35. M. Bardus, S.B. van Beurden, J.R. Smith, C. Abraham, A review and content analysis of engagement, functionality, aesthetics,
information quality, and change techniques in the most popular commercial apps for weight management, International Journal of
Behavioral Nutrition and Physical Activity. 13 (2016) 1–9. https://doi.org/10.1186/S12966-016-0359-9/TABLES/2.

3�. E.R. Breton, B.F. Fuemmeler, L.C. Abroms, Weight loss—there is an app for that! But does it adhere to evidence-informed practices?,
Transl Behav Med. 1 (2011) 523–529. https://doi.org/10.1007/s13142-011-0076-5.

37. S.M. Kelders, R.N. Kok, H.C. Ossebaard, J.E.W.C. van Gemert-Pijnen, Persuasive System Design Does Matter: A Systematic Review of
Adherence to Web-Based Interventions, J Med Internet Res 2012;14(6):E152 Https://Www.Jmir.Org/2012/6/E152. 14 (2012) e2104.



Page 9/13

https://doi.org/10.2196/JMIR.2104.

3�. A.D. Beldad, S.M. Hegner, Expanding the Technology Acceptance Model with the Inclusion of Trust, Social In�uence, and Health
Valuation to Determine the Predictors of German Users’ Willingness to Continue using a Fitness App: A Structural Equation Modeling
Approach, Https://Doi.Org/10.1080/10447318.2017.1403220. 34 (2018) 882–893. https://doi.org/10.1080/10447318.2017.1403220.

39. M. Park, H. Yoo, J. Kim, J. Lee, Why do young people use �tness apps? Cognitive characteristics and app quality, Electronic Commerce
Research. 18 (2018). https://doi.org/10.1007/s10660-017-9282-7.

40. M.L. Segar, Ally With Your Fitness App: Help Others Maintain Motivation with the WHY-WAY-DO Framework, ACSMs Health Fit J. 23
(2019). https://journals.lww.com/acsm-
health�tness/Fulltext/2019/03000/Ally_With_Your_Fitness_App__Help_Others_Maintain.10.aspx.

41. J.A.J. Douma, H.M.W. Verheul, L.M. Buffart, Feasibility, validity and reliability of objective smartphone measurements of physical
activity and �tness in patients with cancer, BMC Cancer. 18 (2018). https://doi.org/10.1186/s12885-018-4983-4.

42. M. Meyer, A. Hreinsdottir, A.L. Häcker, L. Brudy, R. Oberhoffer, P. Ewert, J. Müller, Web-based motor intervention to increase health-
related physical �tness in children with congenital heart disease: A study protocol, Front Pediatr. 6 (2018).
https://doi.org/10.3389/fped.2018.00224.

43. J. Wang, D.C. Coleman, J. Kanter, B. Ummer, L. Siminerio, Connecting smartphone and wearable �tness tracker data with a nationally
used electronic health record system for diabetes education to facilitate behavioral goal monitoring in diabetes care: Protocol for a
pragmatic multi-site randomized trial, JMIR Res Protoc. 7 (2018). https://doi.org/10.2196/10009.

44. Y. Dharmawan, Suroto, P.S. Putra, Web-based application to support physical �tness information of elderly people, Kesmas. 13 (2018).
https://doi.org/10.21109/kesmas.v13i1.1448.

45. C.M. Mcshane, D. Macelhatton, Desk Job - an app to encourage health and �tness in the workplace and beyond: Mobile app user guide,
Br J Sports Med. 51 (2017). https://doi.org/10.1136/bjsports-2016-097060.

Tables
Table 1

Structure of the Exercise Program
Type Duration Intensity Frequency Volume

Flexibility Exercise In the pre and post part of the exercise 10–15 Dk. Borg scale (level 12–14)

Moderate level

4 day/week Duration

x

Intensity

x

Frequency

Strength Exercise In the main part of the exercise

30–40 dk.

Aerobic Exercise In the main part of the exercise

40–45 dk.

* An exercise session is designed solely as strength or cardio training. Flexibility exercises were performed in the pre and post parts of
both training types.
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Table 2
Intent-to-Treat analyses: Primary and secondary measure means, SDs, effect sizes, and F-values for condition, time, and condition × time

interaction
Body
Composition

Measure Group Pre-
test

Post-
test

Condition Time ConditionxTime

    M (SD) M (SD) ηp2 p F ηp2 p F ηp2 p F

Body
Weight (kg)

Experimental 60.37
(9.55)

60.09
(9.17)

.01 .14 2.11 .00 .78 .07 .05 .01* 6.76

Control 57.71
(9.09)

57.93
(9.28)

Body Mass
Index
(kg/m2)

Experimental 23.10
(3.42)

22.99
(3.26)

.00 .77 .08 .00 .83 .04 .05 .01* 6.72

Control 22.81
(3.96)

22.90
(4.04)

Body Fat
Ratio (%)

Experimental 25.54
(7.19)

25.41
(7.24)

.00 .35 .85 .00 .33 .92 .01 .16 1.92

Control 23.90
(7.59)

24.65
(7.75)

Muscular

Fitness

Right Hand
Grip (kg)

Experimental 26.43
(3.76)

27.67
(3.97)

.07 .00* 9.64 .13 .00* 18.58 .09 .00* 12.25

Control 24.88
(3.86)

25.01
(3.93)

Left Hand
Grip (kg)

Experimental 24.98
(4.63)

25.64
(4.22)

.05 .01* 6.89 .05 .00* 7.00 .02 .09 2.79

Control 23.51
(2.98)

23.66
(2.92)

Maximum
Push-Ups
(number)

Experimental 3.68
(3.85)

6.87
(5.33)

.06 .00* 8.30 .25 .00* 41.41 .22 .00* 35.22

Control 3.30
(3.35)

3.43
(2.87)

Maximum
Sit-Up
(number)

Experimental 19.50
(10.35)

24.66
(10.50)

.07 .00* 9.98 .20 .00* 31.71 .28 .00* 48.60

Control 16.72
(10.21)

16,17
(9,81)

Cardio-
Respiratory
Fitness

Max VO2
(ml/kg/dk)

Experimental 24.29
(2.57)

25.42
(2.99)

.01 .14 2.15 .22 .00* 35.86 .09 .00* 12.76

Control 24.08
(2.19)

24.36
(2.19)

Flexibility Trunk
Flexion
(cm)

Experimental 6.04
(8.43)

8.90
(8.06)

.01 .17 1.88 .18 .00* 27.92 .16 .00* 24.73

Control 5.29
(9.41)

5.38
(9.38)

Experimental group: (n = 63), control group: (n = 62), M: Mean, SD: standard deviation, np2: effect sizes, F: Test value, *p < 0.05
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Table 3
Per-protocol analyses: Primary and secondary measure means, SDs, effect sizes, and F-values for condition, time, and condition × time

interaction
Body
Composition

Measure Group Pre-
test

Post-
test

Condition Time ConditionxTime

    M (SD) M
(SD)

ηp2 p F ηp2 p F ηp2 p F

Body
Weight
(kg)

Experimental 59.51
(8.88)

59.21
(8.53)

.00 .54 .36 .00 .90 .01 .06 .01* 6.29

Control 58.04
(9.28)

58.32
(9.50)

Body
Mass
Index
(kg/m2)

Experimental 23.05
(3.43)

22.93
(3.23)

.00 .95 .00 .00 .89 .01 .06 .01* 6.26

Control 22.88
(4.11)

22.99
(4.20)

Body Fat
Ratio (%)

Experimental 25.31
(7.03)

25.04
(7.15)

.00 .72 .12 .00 .47 .51 .01 .19 1.71

Control 24.17
(7.91)

25.08
(8.06)

Muscular

Fitness

Right
Hand Grip
(kg)

Experimental 26.30
(3.69)

28.20
(4.04)

.08 .00* 7.93 .26 .00* 31.04 .20 .00* 22.30

Control 24.77
(4.18)

24.92
(4.25)

Left Hand
Grip (kg)

Experimental 24.87
(5.06)

25.97
(3.04)

.05 .03* 4.75 .11 .00* 11.12 .06 .01* 5.72

Control 23.55
(3.10)

23.73
(3.04)

Maximum
Push-Ups
(number)

Experimental 3.57
(3.53)

9.02
(5.06)

.14 .00* 14.96 .58 .00* 119.92 .55 .00* 106.87

Control 3.27
(3.49)

3.43
(2.93)

Maximum
Sit-Up
(number)

Experimental 20.13
(10.48)

26.78
(9.84)

.13 .00* 13.20 .28 .00* 34.83 .37 .00* 52.07

Control 16.09
(10.41)

15.43
(9.88)

Cardio-
Respiratory
Fitness

Max VO2
(ml/kg/dk)

Experimental 24.28
(2.49)

25.92
(3.11)

.02 .14 2.12 .38 .00* 55.06 .21 .00* 23.42

Control 24.15
(2.32)

24.50
(2.31)

Flexibility Trunk
Flexion
(cm)

Experimental 6.92
(7.71)

10.73
(6.19)

.04 .05 3.78 .29 .00* 36.94 .27 .00* 33.05

Control 5.29
(9.44)

5.40
(9.41)

Experimental group: (n = 38), control group: (n = 51), M: Mean, SD: standard deviation, np2: effect sizes, F: Test value, *p < 0.05
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Figure 1

Flow diagram of the study
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Figure 2

Screenshot ERVE app home page
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