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Abstract

:

Background: Substance use disorders pose unique challenges, affecting individuals physiologically and socially. This study addresses the fundamental question of how adherence to exercise programs impacts those with substance use disorders, examining both in-person and online interventions. Methods: A 12-week analysis involving 26 participants assessed physical fitness, strength, and quality of life. Participants were categorized into in-person and online exercise groups, with their adherence tracked through attendance and a dedicated app. Results: The in-person group exhibited higher adherence rates and significant improvements, in contrast to the challenges encountered by the online groups, particularly in substance use disorder cohorts. Statistical analyses highlighted these differences, emphasizing the pivotal role of the exercise program delivery format. Conclusions: This research advocates for hybrid models, blending professional supervision with online flexibility, recognizing the distinct challenges of substance use disorders. Insights from this study will contribute to shaping more effective, personalized interventions in the complex landscape of substance use disorders, offering guidance for advancing treatment strategies.
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1. Introduction


According to the Diagnostic and Statistical Manual of Mental Disorders [1], substance use disorders are complex conditions that occur when the repeated use of a substance (e.g., alcohol, tobacco, and other legal and illegal substances) causes clinically significant psychophysical distress and impairment, including increased use over time, craving, tolerance, and social harm. This disrupted and continued use over a long period of time often leads to a wide spectrum of physical, psychological, and social consequences, which reduces and interrupts the participation of these people in recreational, social, or occupational activities, isolating them socially [2]. In fact, these are the same individuals who often suffer significantly from emotional and social loneliness [3].



The complexity of these chronic diseases requires multifaceted treatments. Within the variety of approaches, several reviews and meta-analysis studies have demonstrated that exercise may be employed for both the prevention and treatment of substance use addiction [4,5], in conjunction with traditional therapy. On the one hand, exercise programs are cost-effective, free of side effects, and confer multiple health benefits [6]. On the other hand, the positive impact of physical exercise has also been achieved in users with substance use disorders [7].



Despite their benefits, adherence to physical exercise programs among people with substance use disorders has been a challenge [8,9,10]. This lack of adherence prevents users from deriving the desired health benefits and leads to inconclusive results in research [11]. Previous research has attempted to identify the factors explaining these low adherence rates. Some studies have highlighted aspects that are more related to the individuals themselves, such as demographic aspects (e.g., age and gender), psychological factors (e.g., the severity of mental health symptoms and illness duration) [12,13], or the type of substance used [11]. Along the same lines, dropout rates were higher for cocaine, methamphetamines, and major stimulants and lower for alcohol, tobacco, and heroin [11].



A line of research in this area has addressed the issue by identifying the factors that encourage individuals to adhere to physical exercise routines [14]. Drawing from these insights, it has been proposed that users have certain preferences and motivations in terms of the content and structure of the exercise intervention (e.g., preferred location, social environment, frequency, or activity type) [15]. In terms of activity type, it is commonly observed that interventions are very diversified, and a wide range of activities are offered to ensure that participants find an activity that best suits their needs. According to a recent systematic review, these activities range from aerobic exercises (e.g., jogging, cycling, or walking) and mind–body activities (e.g., yoga and Tai chi, among others) to others like ball games [4]. Regarding structure, in mental health interventions, in-person programs have historically held greater significance. However, since the onset of the COVID-19 pandemic, online physical exercise programs have emerged as an indispensable resource for engaging with individuals with mental health issues. The flexibility and accessibility inherent to these online programs allow individuals to integrate tailored routines into their schedules and preferences [16]. The range of classes, spanning from yoga to high-intensity workouts, provides options catering to diverse skill levels and preferences. The virtual environment fosters a supportive community, mitigating isolation and enhancing emotional well-being [17]. Additionally, online interventions resolve the issues related to the activity’s cost and the time required to relocate to the facilities, while granting 24 h access to the activity’s content and interactions with the practitioner outside of time frames [18]. At the same time, learning when using digital technologies, such as wearables and internet, improves cognitive functioning and drives behavioral changes, treatment engagement, and abstinence, among others [19]. Thus, physical activity web-based programs are emerging as a part of mental health treatment for different populations like adults with depression, anxiety, or schizophrenia [20,21,22]. Unfortunately, online programs are almost nonexistent for adults with substance abuse. This is surprising, since the theory of the “habit” mechanism of exercise intervention in substance use disorder has already been demonstrated [23], which suggests that, through repetition and reinforcement, engaging in regular physical activity can replace addictive behaviors by forming new, healthier habits [24].



Therefore, the objectives of this pilot study are: (i) to design two different physical exercise programs—in-person and web-based—to observe the adherence of adults with substance abuse disorders, and (ii) to investigate the effectiveness of both programs in enhancing participants’ physical condition and mental health.




2. Materials and Methods


2.1. Participants


The total sample in the present study consisted of 26 individuals: those who were diagnosed with substance use disorder (SUD; n = 20) and healthy adults (HA; n = 6). Individuals with SUD were recruited from the rehabilitation center “Proyecto Hombre” in Alicante, Spain. The facility provides both inpatient and outpatient care. The subjects without SUD were recruited from the community using social media, flyers, and word-of-mouth. The subjects were classified into three exercise groups upon their recruitment, as described below. Inpatients were allocated to the in-person SUD group (n = 20). Conversely, both outpatients and subjects without an SUD diagnosis were organized into two distinct web-based exercise groups (online SUD group and online HA group, respectively). Descriptive data of the sample are provided in Table 1.




2.2. Experimental Design


The baseline assessments were spread over one week and included tests to evaluate cardiorespiratory fitness, strength, and quality of life (QoL). After the period of the baseline evaluations, each participant followed the same 12-week training program, but some did so in-person (in-person SUD group), while others did online (online SUD and online HA groups). Once the 12-week intervention was over, the participants were subjected to one week of final evaluations with the same assessment protocol as that at baseline.



Training Program


All groups followed the same training program. The only distinction was that, while the in-person groups engaged in coach-guided training sessions, the online training groups had access to identical pre-recorded training sessions through a mobile application (Selftraining UMH).



The training regimen consisted of three weekly sessions, each lasting 45–60 min. The total duration of the program was 12 weeks. All sessions were planned and supervised by two sports science professionals. Each session included a warm-up, main part, and cool-down. The warm-up phase comprised joint mobility exercises and dynamic movements that resembled the exercises included in the main part. A combination of strength and endurance exercises constituted the main part, with the intention of improving overall physical fitness, with a particular emphasis on muscular endurance and aerobic capacity. Each session was finalized with the cool-down. The progression of the load was performed following the four-phase approach previously described in Casanova et al. [25]. These phases were characterized as follows:



Phase 1 aimed to familiarize the participants with the training and teach proper techniques. Strength exercises such as squats, overhead presses, lunges, push-ups, and rows were performed, along with exercises targeting the core muscles, such as front planks, side planks, dynamic and static dorsal bridges, dead bugs, and bird dogs. Each exercise was performed for 15 repetitions, followed by a one-minute rest. During this rest period, core exercises or active planks were incorporated for 20 s, followed by 40 s of passive rest. Each exercise was repeated four times before moving on to the next, and approximately 4–5 exercises were performed. There was a two-minute rest between exercises.



Phase 2 introduced a higher intensity and a variety of exercises. It combined the strength exercises mentioned above with aerobic exercises like mountain climbers, skipping, jumping jacks, and boxing. Each exercise was performed for 30 s, followed by a 30-s rest. In each session, 10–12 exercises were performed in each set, with a total of two sets.



Phase 3 maintained the focus on combining aerobic and strength exercises, but the volume was increased. Three sets were performed instead of two, and the number of exercises per session was reduced to 8–10. The duration of exercises and rest intervals remained the same (30 s of work with 30 s of rest and a two-minute rest between sets).



For the last three weeks and during Phase 4, the characteristics of Level 3 were retained, but the duration of each repetition was increased to 40 s, and rest periods were reduced to 20 s. The two-minute rest between sets remained unchanged. The number of exercises and sets remained the same as in the previous level.





2.3. Evaluation


The assessed physical fitness variables, including aerobic capacity, upper limb strength, and lower limb strength, remained consistent across all study groups. However, it is noteworthy that specific tests for each cohort, i.e., adults with SUD or healthy adults, were chosen based on the distinctive characteristics of each population. This ensured a precise and appropriate measurement of the relevant physical parameters.



2.3.1. Physical Fitness Test for SUD


	
6-min Walk Test (6MWT)






The 6-min Walk Test (6MWT) [26] was performed to evaluate aerobic capacity. The subjects were asked to walk for 6 min, covering the maximum distance possible in a designated area. The rectangle-shaped test area measured 5 yards (4.57 m) in width and 20 yards (18.28 m) in length, making a total of 50 yards covered in each lap. During the execution, the participants were warned twice about the remaining time, at 3- and 2-min marks before the test cessation.



	
Curl Test (Upper-body strength)






The Curl Test [26] was employed to assess upper limb strength. For the test, each participant was seated on a chair with a dumbbell in their dominant hand. The participants were then asked to perform the maximum number of elbow flexions in 30 s. The dumbbell weighed five pounds (2.27 kg) for females and eight pounds (3.63 kg) for males.



	
Chair Stand Test (lower-body strength)






The lower limb strength was evaluated using The Chair Stand Test (CST) [26]. For the test, the participants were required to stand up from a chair and sit back down as many times as possible in 30 s without using their arms. The participants were instructed to start from the seated position, and once the evaluator gave the start, the countdown would begin. Only properly executed repetitions were counted where participants maintained their arms crossed on the chest, extended their knees fully on the stand-up portion of the exercise, and sat back down completely.




2.3.2. Quality of Life


The TECVASP test [27] was administered to evaluate the QoL in the participants with substance abuse disorder. The test was originally created for the Spanish-speaking community, but was later translated and validated into English as HRQOLDA (the Health-Related Quality of Life for Drug Abusers) [28]. TECVASP is a 22-item Likert-type instrument. For each item, the participants were asked to express to which degree they had experienced the emotions or episodes described in a given item for the past month. The scores ranged from 1 (not at all) to 5 (a lot). The higher the sum for all twenty-two items, the higher the QoL, and vice versa.




2.3.3. Physical Fitness Test for HA


	
Aerobic capacity






The participants performed an incremental test on a treadmill to measure the maximum oxygen uptake (VO2 max). The exchange of respiratory gases was measured using the Metalyzer 3B (Cortex GmbH, Leipzig, Germany) breath by breath. The participants were not allowed to drink or speak during the test and were asked to refrain from intense exercise 24 h earlier. The standard Bruce protocol [29] begins at 2.7 km/h at a 10% inclination and increases elevation by 2% and speed by 1.3 km/h every 3 min. After the test, there was 3 min of cool-down at 4 km/h and a 1% incline.



	
Upper body strength






Upper body strength was evaluated using the Bench Press Test on the Smith Machine (Technogym S.p.A., Cesena, Italy). In brief, following a warm-up, the participants were asked to position themselves on a flat bench, with the bar placed on the chest and hands grasping the bar at a preferred width. Upon receiving a sign from the researcher, the participants were asked to perform a maximum number of repetitions in one minute. Correct execution included fully extending the elbows in the upward phase of the movement and letting the bar touch the chest in the downward phase. The load was fixed at 35 kg for men and 15 kg for women [30].



	
Lower body strength






Lower body strength was assessed using the Squat test. A brief warm-up preceded the test. During the warm-up, the participants were advised on the proper squatting technique. The box was set up to ensure 90 degrees of knee flexion in each repetition. The participants started with the feet placed hip-width apart in front of the box, and once they received a sign from the researcher, the participants started the movement by flexing at the knees and hips and descended until they reached the box. From here, the participants were required to fully extend back to a starting position and perform a maximum number of repetitions for one minute [31].




2.3.4. Adherence


For the in-person training, we tracked attendance to measure adherence to the training program. For online groups, adherence was monitored through the SelftrainingUMH mobile application. Before the program started, the participants in online groups received a unique username and password to access the app. This way, researchers recorded the number of sessions that participants in online groups performed throughout the intervention period. Over the course of the 12-week program, a total of 36 exercise sessions took place. The participants attended these sessions voluntarily in both in-person and online modalities.





2.4. Data Analysis


The test values were normalized using Z-scores to enable comparison between groups in each fitness category [32]. Prior to statistical analysis, homogeneity of variance was confirmed with Levene’s test.



To assess the mean differences in the fitness variables between the three experimental conditions following the intervention, repeated-measures ANOVA 2 × 3 (Time: pre–post x group: in-person SUD, online SUD, and online HA) with group as a between-subject factor was performed. For adherence and QoL, one-way ANOVA was performed to detect differences between the three experimental conditions, with group as a fixed factor. Due to the existence of significant differences between the groups at baseline in QoL, an ANCOVA was performed using the initial value of the test as a covariate. A post hoc analysis with Bonferroni adjustments was carried out to identify which groups differed from each other.





3. Results


3.1. Fitness


For cardiorespiratory fitness (Figure 1), the time x group interaction reached statistical significance (p = 0.01), but no effect of group (p = 0.385) was observed. Post hoc analysis adjustments detected statistically significant differences between the PRE and POST values of in-person SUD (p = 0.027), but no statistically significant differences were found in either online group.



For both lower- and upper-body strength (Figure 2 and Figure 3), the time x group interaction reached statistical significance (p < 0.0001), with the effect of group (p = 0.002 and p = 0.003, respectively). Post hoc analysis adjustments revealed statistically significant changes following the intervention in the in-person SUD group (p < 0.0001) and between groups in the post evaluation: in-person SUD vs. online SUD (p < 0.0001) and in-person SUD vs. online HA (p < 0.0001).




3.2. Adherence


Statistically significant differences were observed (p < 0.0001). The post hoc analysis demonstrated statistically significant differences between online HA and online SUD (p < 0.0001) and between in-person SUD and online SUD (p < 0.0001).




3.3. Quality of Life


Repeated-measures ANOVA revealed a significative decrease in the TECVASP score without differences between groups. However, baseline differences between groups were identified, warranting the use of ANCOVA. However, no further differences between groups were observed (Figure 4).





4. Discussion


The objectives of this study were twofold: to compare the adherence rates between web-based and supervised exercise programs for individuals with drug and alcohol addictions and to evaluate the effectiveness of both programs in improving physical fitness and mental health. As for the first objective, our results suggest that the delivery format of exercise programs significantly impacts user adherence and, consequently, the potential benefits they can derive.



According to our findings, the web-based format did not resonate well with the participants suffering from substance use disorders, while the opposite was true for the in-person program group, with higher adherence rates. Consistent with the existing literature, having a connection point to a center appears to be a key factor in achieving program adherence. Individuals who stay connected to a professional team and receive ongoing support and feedback are more likely to adhere to programs and experience better health-related benefits [33]. This was the key issue identified in the present study. Facilitating the activity in a structured way and with the added benefit of social interaction was beneficial in increasing adherence to the program [34]. However, as soon as the individual has completed the treatment period and left the center, in-person programs may be substituted by purely web-based models. Moreover, scientific evidence does support the online format for individuals with other mental health issues, such as depression and anxiety [35]. In this pilot study, however, it appeared that fully online intervention programs for individuals with substance use disorders may compromise their recruitment and adherence and, therefore, do not appear to be a feasible tool for this population. This is likely why the trend is to opt for in-person or hybrid formats for similar interventions. For instance, Krentzman et al. [36] conducted a hybrid study with outpatients battling alcohol use disorders, employing digitization solely for data collection. In that study, the exercise intervention itself took place at the rehabilitation center, resulting in satisfactory adherence rates among the participants.



Based on the results of this work, hybrid programs, combining the benefits of both types of delivery formats, may be the most interesting setup for increasing exercise adherence in individuals with substance use disorders. Nonetheless, the authors recommend further studies in hybrid formats for these individuals, considering various strategies recommended in the literature that may help to reduce dropout rates and enhance compliance. These strategies include regular monitoring by sports coaches, access to online forums for social support, and user-friendly web applications [16].



Concerning the second objective of the study, the observed enhancement in fitness levels among the participants in the in-person group aligns with previously documented findings [37,38,39,40]. Individuals with SUD often exhibit physical deterioration and diminished fitness compared to the general population [41]. Elevating fitness levels is crucial for drug-dependent patients to potentially prevent or alleviate various physical comorbidities [38,41]. The enhancements in QoL mirror outcomes reported by Muller and Clausen [42]. However, these notable fitness improvements were not observed in the online groups, both in the online SUD group due to insufficient adherence to the exercise program and in the online HA group, despite program completion. In the latter case, as indicated by Kraal et al. [43] in cardiac patients, this discrepancy may stem from failure to reach the target intensity during online training sessions, attributed to self-regulation of intensity.



Drug-dependent patients often experience severe bouts of anxiety and depression [44,45], as well as anhedonia [46,47]. The exercise program reported here led to a significant improvement in TECVASP test score, indicating an improvement in the perception of quality of life, but only in the in-person SUD group. In contrast, the online SUD group showed no significant changes in their test score, which aligns with their low adherence rate to the training program.



To conclude, the authors acknowledge the small sample size for this pilot study as a primary limitation, particularly for both online groups. Despite including participants of both sexes, the limited sample size poses challenges for meaningful gender-based comparisons. Moreover, addressing the difficulty in recruiting participants who have recently exited rehabilitation centers is crucial, particularly as it is challenging to obtain volunteers who are sedentary for exercise studies. This limitation affects the generalizability of these findings, emphasizing the need for future studies to explore innovative recruitment strategies. In upcoming research, it would be imperative to explore alternative avenues for recruiting sedentary individuals, considering motivational factors or potential incentives to enhance participation and representativeness.



Furthermore, it is crucial to highlight that the study did not account for the participants’ pre-existing physical activity habits, a factor identified by Zhang and Liu [23] as vital for the success of exercise-based intervention programs. The authors recommend promoting hybrid models in rehabilitation centers to cultivate optimal exercise habits in individuals before transitioning to purely web-based formats. This approach aligns with the emphasis on building long-term exercise habits, emphasizing the importance of a holistic strategy in designing effective rehabilitation programs.




5. Conclusions


In conclusion, this study addressed two primary objectives: comparing the adherence rates between web-based and supervised exercise programs for individuals with substance use disorders and evaluating the effectiveness of both programs in improving physical fitness and mental health. Our findings underscore the critical impact of the program delivery format on user adherence, with the in-person program demonstrating higher adherence levels than its web-based counterpart within the substance use disorder population. The incorporation of a connection point to a professional team emerged as a key factor contributing to program adherence, supporting the viability of hybrid models in the context of substance use disorder interventions.



While purely web-based interventions have shown success in general populations and other mental health conditions, our study highlights challenges in applying this format to individuals with substance use disorders, emphasizing the importance of ongoing support and feedback. Hybrid models present a pragmatic solution to enhance exercise adherence, but the long-term sustainability of these models may be compromised as individuals discontinue center attendance over time.



Regarding the improvement in fitness levels and quality of life, notable enhancements were observed in the in-person group, consistent with the existing literature on the positive impact of supervised exercise programs for individuals with substance use disorders. However, online groups, particularly the substance use disorder cohort, faced challenges in achieving similar benefits due to low adherence to the exercise program. This discrepancy emphasizes the need for tailored strategies to address the unique challenges associated with substance use disorders, such as regular monitoring, social support forums, and user-friendly applications.



Acknowledging the limitation of not considering the participants’ existing physical activity habits, our study suggests promoting hybrid models in rehabilitation centers to establish optimal exercise habits before transitioning to purely web-based formats. In addition, the constraints stemming from the small sample size utilized in our study may compromise the generalizability of our findings. As a pilot investigation, our results should be approached with caution, primarily serving as an indicative foundation for subsequent research on a broader scale. Future studies are encouraged to replicate and extend our work to validate the identified patterns and investigate the transferability of our findings across diverse populations. The incorporation of a larger and more heterogeneous sample would facilitate a more thorough evaluation of the efficacy of web-based versus supervised exercise interventions among individuals with substance use disorders, thereby elucidating the role of hybrid models in promoting exercise adherence and overall outcomes.







Author Contributions


Conceptualization, A.R. and M.M.-R.; methodology, R.M.-M., J.A.B.-F., A.C.-L. and I.P.-G.; software, J.M.S. and D.P.; formal analysis, N.S.-R.; investigation, A.J. and I.P.-G.; resources, R.M.-M. and J.A.B.-F.; data curation, N.S.-R.; writing—original draft preparation, R.M.-M., S.B., A.R. and J.M.S.; writing—review and editing, A.R. and M.M.-R.; supervision, A.R. and D.P.; project administration, M.M.-R.; funding acquisition, M.M.-R. All authors have read and agreed to the published version of the manuscript.




Funding


This publication is part of the projects PID2019-107721RB-I00 and EXP_74973 funded by MICIU/AEI/10.13039/501100011033 and European Union NextGenerationEU/PRTR.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Miguel Hernández University (DCD.DPC.02.23-01.19; date of approval: 3 July 2023).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The datasets generated from the current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders; American Psychiatric Publishing: Arlington, VA, USA, 2013; ISBN 0-89042-555-8. [Google Scholar]

	



Méndez-Aguado, C.; Cangas, A.J.; Lirola, M.J.; Cerezuela, J.L.; López-Pardo, A.; Méndez-Aguado, C.; Cangas, A.J.; Lirola, M.J.; Cerezuela, J.L.; López-Pardo, A. Benefits and Barriers of Physical Activity in Social Inclusion and Quality of Life in People with Serious Mental Disorders. In Mental Health-Preventive Strategies; IntechOpen: London, UK, 2022. [Google Scholar] [CrossRef]

	



Hosseinbor, M.; Ardekani, S.M.Y.; Bakhshani, S.; Bakhshani, S. Emotional and Social Loneliness in Individuals with and without Substance Dependence Disorder. Int. J. High Risk Behav. Addict. 2014, 3, 22688. [Google Scholar] [CrossRef]

	



Piche, F.; Daneau, C.; Plourde, C.; Girard, S.; Romain, A.J. Characteristics and Impact of Physical Activity Interventions during Substance Use Disorder Treatment Excluding Tobacco: A Systematic Review. PLoS ONE 2023, 18, e0283861. [Google Scholar] [CrossRef]

	



Thompson, T.P.; Horrell, J.; Taylor, A.H.; Wanner, A.; Husk, K.; Wei, Y.; Creanor, S.; Kandiyali, R.; Neale, J.; Sinclair, J.; et al. Physical Activity and the Prevention, Reduction, and Treatment of Alcohol and Other Drug Use across the Lifespan (the PHASE Review): A Systematic Review. Ment. Health Phys. Act. 2020, 19, 100360. [Google Scholar] [CrossRef]

	



Kvam, S.; Kleppe, C.L.; Nordhus, I.H.; Hovland, A. Exercise as a Treatment for Depression: A Meta-Analysis. J. Affect. Disord. 2016, 202, 67–86. [Google Scholar] [CrossRef]

	



Dürmüş, P.T.; Vardar, M.E.; Kaya, O.; Tayfur, P.; Süt, N.; Vardar, S.A. Evaluation of the Effects of High Intensity Interval Training on Cytokine Levels and Clinical Course in Treatment of Opioid Use Disorder. Turk Psikiyatr. Derg. 2020, 31, 151–158. [Google Scholar] [CrossRef]

	



Abrantes, A.M.; Blevins, C.E. Exercise in the Context of Substance Use Treatment: Key Issues and Future Directions. Curr. Opin. Psychol. 2019, 30, 103–108. [Google Scholar] [CrossRef] [PubMed]

	



Helgadóttir, B.; Hallgren, M.; Kullberg, C.L.E.; Forsell, Y. Sticking with It? Factors Associated with Exercise Adherence in People with Mild to Moderate Depression. Psychol. Sport Exerc. 2018, 35, 104–110. [Google Scholar] [CrossRef]

	



Hallgren, K.A.; Dembe, A.; Pace, B.T.; Imel, Z.E.; Lee, C.M.; Atkins, D.C. Variability in Motivational Interviewing Adherence across Sessions, Providers, Sites, and Research Contexts. J. Subst. Abuse Treat. 2018, 84, 30–41. [Google Scholar] [CrossRef]

	



Lappan, S.N.; Brown, A.W.; Hendricks, P.S. Dropout Rates of In-Person Psychosocial Substance Use Disorder Treatments: A Systematic Review and Meta-Analysis. Addiction 2020, 115, 201–217. [Google Scholar] [CrossRef]

	



Andersson, H.W.; Steinsbekk, A.; Walderhaug, E.; Otterholt, E.; Nordfjærn, T. Predictors of Dropout from Inpatient Substance Use Treatment: A Prospective Cohort Study. Subst. Abuse 2018, 12, 1178221818760551. [Google Scholar] [CrossRef]

	



Vancampfort, D.; Sánchez, C.P.R.; Hallgren, M.; Schuch, F.; Firth, J.; Rosenbaum, S.; Van Damme, T.; Stubbs, B. Dropout from Exercise Randomized Controlled Trials among People with Anxiety and Stress-Related Disorders: A Meta-Analysis and Meta-Regression. J. Affect. Disord. 2021, 282, 996–1004. [Google Scholar] [CrossRef]

	



Welford, P.; Gunillasdotter, V.; Andreasson, S.; Herring, M.P.; Vancampfort, D.; Hallgren, M. Sticking with It? Factors Associated with Exercise Adherence in People with Alcohol Use Disorder. Addict. Behav. 2023, 144, 107730. [Google Scholar] [CrossRef]

	



Abrantes, A.M.; Battle, C.L.; Strong, D.R.; Ing, E.; Dubreuil, M.E.; Gordon, A.; Brown, R.A. Exercise Preferences of Patients in Substance Abuse Treatment. Ment. Health Phys. Act. 2011, 4, 79–87. [Google Scholar] [CrossRef]

	



Carneiro, L.; Rosenbaum, S.; Ward, P.B.; Clemente, F.M.; Ramirez-Campillo, R.; Monteiro-Junior, R.S.; Martins, A.; Afonso, J. Web-Based Exercise Interventions for Patients with Depressive and Anxiety Disorders: A Systematic Review of Randomized Controlled Trials. Braz. J. Psychiatry 2022, 44, 331–341. [Google Scholar] [CrossRef]

	



Vandelanotte, C.; Duncan, M.J.; Plotnikoff, R.C.; Rebar, A.; Alley, S.; Schoeppe, S.; To, Q.; Mummery, W.K.; Short, C.E. Impact of a Web-Based Personally Tailored Physical Activity Intervention on Depression, Anxiety, Stress and Quality of Life: Secondary Outcomes from a Randomized Controlled Trial. Ment. Health Phys. Act. 2022, 23, 100477. [Google Scholar] [CrossRef]

	



Joseph, R.P.; Durant, N.H.; Benitez, T.J.; Pekmezi, D.W. Internet-Based Physical Activity Interventions. Am. J. Lifestyle Med. 2014, 8, 42. [Google Scholar] [CrossRef]

	



Moore, B.A.; Fazzino, T.; Garnet, B.; Cutter, C.J.; Barry, D.T. Computer-Based Interventions for Drug Use Disorders: A Systematic Review. J. Subst. Abuse Treat. 2011, 40, 215–223. [Google Scholar] [CrossRef] [PubMed]

	



Panagiotou, M.; Zlatintsi, A.; Filntisis, P.P.; Roumeliotis, A.J.; Efthymiou, N.; Maragos, P. A Comparative Study of Autoencoder Architectures for Mental Health Analysis Using Wearable Sensors Data. In Proceedings of the 2022 30th European Signal Processing Conference (EUSIPCO), Belgrade, Serbia, 29 August–2 September 2022; IEEE: Piscataway, NJ, USA, 2022; pp. 1258–1262. [Google Scholar]

	



Okobi, O.E.; Sobayo, T.O.; Arisoyin, A.E.; Adeyemo, D.A.; Olaleye, K.T.; Nelson, C.O.; Sanusi, I.A.; Salawu, M.A.; Akinsete, A.O.; Emore, E. Association between the Use of Wearable Devices and Physical Activity among US Adults with Depression and Anxiety: Evidence from the 2019 and 2020 Health Information National Trends Survey. Cureus 2023, 15, e39521. [Google Scholar] [CrossRef] [PubMed]

	



Onyeaka, H.; Firth, J.; Enemuo, V.; Muoghalu, C.; Naslund, J.; Baiden, P.; Torous, J. Exploring the Association between Electronic Wearable Device Use and Levels of Physical Activity among Individuals with Depression and Anxiety: A Population Level Study. Front. Digit Health 2021, 3, 707900. [Google Scholar] [CrossRef]

	



Zhang, Z.; Liu, X. A Systematic Review of Exercise Intervention Program for People with Substance Use Disorder. Front. Psychiatry 2022, 13, 817927. [Google Scholar] [CrossRef] [PubMed]

	



Belin, D.; Belin-Rauscent, A.; Murray, J.E.; Everitt, B.J. Addiction: Failure of Control over Maladaptive Incentive Habits. Curr. Opin. Neurobiol. 2013, 23, 564–572. [Google Scholar] [CrossRef]

	



Casanova-Lizón, A.; Sarabia, J.M.; Pastor, D.; Javaloyes, A.; Peña-González, I.; Moya-Ramón, M. Designing an App to Promote Physical Exercise in Sedentary People Using a Day-to-Day Algorithm to Ensure a Healthy Self-Programmed Exercise Training. Int. J. Environ. Res. Public Health 2023, 20, 1528. [Google Scholar] [CrossRef]

	



Rikli, R.E.; Jones, C.J. Functional Fitness Normative Scores for Community-Residing Older Adults, Ages 60–94. J. Aging Phys. Act. 1999, 7, 162–181. [Google Scholar] [CrossRef]

	



Lozano Rojas, Ó.M.; Rojas Tejada, A.; Pérez Meléndez, C.; Apraiz Granados, B.; Sánchez Muñoz, F.; Marín Bedoya, A. Test Para La Evaluación de La Calidad de Vida En Adictos a Sustancias Psicoactivas (TECVASP): Estudios de Fiabilidad y Validez. Trastor. Adict. 2007, 9, 97–107. [Google Scholar] [CrossRef]

	



Zubaran, C.; Sud, R.; Emerson, J.; Zolfaghari, E.; Foresti, K.; Lozano, O. Validation of the English Version of the Health-Related Quality of Life for Drug Abusers (HRQoLDA) Test. Eur. Addict. Res. 2012, 18, 220–227. [Google Scholar] [CrossRef]

	



Bruce, R.A. Exercise Testing of Patients with Coronary Heart Disease. Principles and Normal Standards for Evaluation. Ann. Clin. Res. 1971, 3, 323–332. [Google Scholar]

	



Bayles, M.P.; Swank, A.M. ACSM’s Exercise Testing and Prescription. In Sport & Exercise Scientist; LWW: Philadelphia, PA, USA, 2018; pp. 273–275. [Google Scholar]

	



Lorenzetti, S.; Ostermann, M.; Zeidler, F.; Zimmer, P.; Jentsch, L.; List, R.; Taylor, W.R.; Schellenberg, F. How to Squat? Effects of Various Stance Widths, Foot Placement Angles and Level of Experience on Knee, Hip and Trunk Motion and Loading. BMC Sport. Sci. Med. Rehabil. 2018, 10, 14. [Google Scholar] [CrossRef] [PubMed]

	



Cheadle, C.; Vawter, M.P.; Freed, W.J.; Becker, K.G. Analysis of Microarray Data Using Z Score Transformation. J. Mol. Diagn. 2003, 5, 73–81. [Google Scholar] [CrossRef] [PubMed]

	



Wangberg, S.C.; Bergmo, T.S.; Johnsen, J.-A.K. Adherence in Internet-Based Interventions. Patient Prefer. Adherence 2008, 2, 57–65. [Google Scholar] [PubMed]

	



Vella, S.A.; Aidman, E.; Teychenne, M.; Smith, J.J.; Swann, C.; Rosenbaum, S.; White, R.L.; Lubans, D.R. Optimising the Effects of Physical Activity on Mental Health and Wellbeing: A Joint Consensus Statement from Sports Medicine Australia and the Australian Psychological Society. J. Sci. Med. Sport 2023, 26, 132–139. [Google Scholar] [CrossRef]

	



Schuch, F.B.; Vancampfort, D.; Richards, J.; Rosenbaum, S.; Ward, P.B.; Stubbs, B. Exercise as a Treatment for Depression: A Meta-Analysis Adjusting for Publication Bias. J. Psychiatr. Res. 2016, 77, 42–51. [Google Scholar] [CrossRef]

	



Krentzman, A.R.; Mannella, K.A.; Hassett, A.L.; Barnett, N.P.; Cranford, J.A.; Brower, K.J.; Higgins, M.M.; Meyer, P.S. Feasibility, Acceptability, and Impact of a Web-Based Gratitude Exercise among Individuals in Outpatient Treatment for Alcohol Use Disorder. J. Posit. Psychol. 2015, 10, 477–488. [Google Scholar] [CrossRef] [PubMed]

	



Mamen, A.; Pallesen, S.; Martinsen, E.W. Changes in Mental Distress Following Individualized Physical Training in Patients Suffering from Chemical Dependence. Eur. J. Sport Sci. 2011, 11, 269–276. [Google Scholar] [CrossRef]

	



Brown, R.A.; Abrantes, A.M.; Read, J.P.; Marcus, B.H.; Jakicic, J.; Strong, D.R.; Oakley, J.R.; Ramsey, S.E.; Kahler, C.W.; Stuart, G.L.; et al. A Pilot Study of Aerobic Exercise as an Adjunctive Treatment for Drug Dependence. Ment. Health Phys. Act. 2010, 3, 27–34. [Google Scholar] [CrossRef]

	



Roessler, K.K. Exercise Treatment for Drug Abuse—A Danish Pilot Study. Scand. J. Public Health 2010, 38, 664–669. [Google Scholar] [CrossRef]

	



Giménez-Meseguer, J.; Tortosa-Martínez, J.; de los Remedios Fernández-Valenciano, M. Benefits of Exercise for the Quality of Life of Drug-Dependent Patients. J. Psychoact. Drugs 2015, 47, 409–416. [Google Scholar] [CrossRef]

	



Mamen, A.; Martinsen, E.W. Development of Aerobic Fitness of Individuals with Substance Abuse/Dependence Following Long-Term Individual Physical Activity. Eur. J. Sport Sci. 2010, 10, 255–262. [Google Scholar] [CrossRef]

	



Muller, A.E.; Clausen, T. Group Exercise to Improve Quality of Life among Substance Use Disorder Patients. Scand. J. Public Health 2015, 43, 146–152. [Google Scholar] [CrossRef]

	



Kraal, J.J.; Vromen, T.; Spee, R.; Kemps, H.M.C.; Peek, N. The Influence of Training Characteristics on the Effect of Exercise Training in Patients with Coronary Artery Disease: Systematic Review and Meta-Regression Analysis. Int. J. Cardiol. 2017, 245, 52–58. [Google Scholar] [CrossRef]

	



Volkow, N. Drugs, Brains, and Behavior. The Science of Addiction; National Institute on Drug Abuse: North Bethesda, MD, USA, 2014.

	



Zschucke, E.; Heinz, A.; Strhle, A. Exercise and Physical Activity in the Therapy of Substance Use Disorders. Sci. World J. 2012, 2012, 901741. [Google Scholar] [CrossRef]

	



Garfield, J.B.B.; Lubman, D.I.; Yücel, M. Anhedonia in Substance Use Disorders: A Systematic Review of Its Nature, Course and Clinical Correlates. Aust. N. Z. J. Psychiatry 2014, 48, 36–51. [Google Scholar] [CrossRef] [PubMed]

	



Hatzigiakoumis, D.S.; Martinotti, G.; Di Giannantonio, M.; Janiri, L. Anhedonia and Substance Dependence: Clinical Correlates and Treatment Options. Front. Psychiatry 2011, 2, 9204. [Google Scholar] [CrossRef] [PubMed]








[image: Healthcare 12 00684 g001] 





Figure 1. Group differences between pre and post for cardiorespiratory fitness. * Statistically significant differences from PRE (p < 0.05). 
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Figure 2. Group differences between pre and post for lower body strength. * Statistically significant differences from PRE (p < 0.05). † Statistically significant differences from in-person SUD (p < 0.05). 
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Figure 3. Group differences between pre and post for upper body strength. * Statistically significant differences from PRE (p < 0.05). † Statistically significant differences from post in-person SUD (p < 0.05). 
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Figure 4. Group differences between pre and post for TECVASP scores. 
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