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Abstract

:

Purpose: Health disparities for minority groups include a low rate of physical activity and underserved urban minority youth with chronic disease are among the least active population segments, as exemplified by sickle cell disease (SCD). “Exercise prescriptions” for youth with chronic diseases need to be evidence based and align with psychologic motivators and barriers. This scoping review sought evidence for psychosocial motivators or barriers to physical activity (PA) in youth with SCD and other chronic disease that could be relevant to SCD. Methods: Five databases were searched for studies on urban minority youth published between 2009 and 2022. Results: Keyword searching yielded no papers on SCD and PA motivation and barriers. Adding health-related quality of life (HRQL) in SCD found eleven relevant papers. Widening the search to chronic disease in minority youth resulted in a total of 49 papers. Three thematic categories and seven sub-themes emerged. PA barriers added by chronic disease include fear of triggering disease complications, negative relationships due to disease limitations on performance in sports, and lack of suitable environment for PA that accommodates the chronic disease. PA motivators are similar for youth without chronic disease: self-efficacy, autonomy, positive relationships with peers and parents and coach/teacher. Conclusion: Direct descriptions of PA motivations and barriers to PA in SCD are limited to fatigue and fear of sickle vaso-occlusive pain. The PA barriers and motivators found for urban youth with chronic disease overlap with themes in healthy adolescents from underserved minorities. Community-based interventions could strengthen PA motivators (self-efficacy, autonomy, positive relationships with peers and parents and coach/teacher) but need disease accommodations to overcome the barriers (fear of triggering disease complications, environmental limitations, and negative relationships). Evidence-based exercise prescriptions might incorporate educational modules to overcome disease stigma and misconceptions. Prospective studies of PA motivators and barriers could improve HRQL in SCD.
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1. Introduction


The American College of Sports Medicine (ACSM) and World Health Organization (WHO) recommend that children have at least 60 min of moderate to vigorous-intensity physical activity (MVPA) daily, but implementation has met many barriers especially among those with chronic disease. Promoting physical activity (PA) in adolescence is emphasized by physicians [1] because healthy lifestyle habits are formed in this crucial stage of development [2,3]. However, the 2017 Youth Risk Survey reported that only 26.1% of healthy American children met this baseline recommendation [4]. Recently, there has been a growing call to implement PA assessments and counseling for children in clinical settings, and specific evidence-based exercise prescriptions for children and youth with special health care needs (CYSHCN) [1,5,6], including pediatric chronic cardiorespiratory disease [7]. Furthermore, it is widely recognized that subgroups of children are likely to have even lower levels of PA than the general population: youth in ethnic minority groups and adolescents [1,8,9]. PA disparities for adults from underserved minority groups have been recently reviewed and best practices have been identified: community-based participatory research (CBPR), multi-level interventions, and interdisciplinary teams [10].



Consideration of the barriers to PA for sickle cell disease (SCD) can illustrate why a clinician might need to provide specific “exercise prescription” for underserved minority adolescents with a chronic disease. SCD is an inherited blood disorder that disproportionately affects individuals of African or Afro-Caribbean descent. In a recent global survey, over half of 1500 SCD patients responded that they avoid PA because of concerns about pain, exhaustion, or dehydration [11]. Fatigue is the most common daily impairment to quality of life reported by individuals with SCD to limit activities of daily living as well as endurance in PA [11]. In a survey of 100 children with SCD, 90% reported participation in physical education classes but only 48% participation in sports, and their participation in moderate-to-vigorous PA is for shorter durations of time [12]. SCD is associated with unsubstantiated concerns that physical overexertion could trigger disease-related complications because of the pro-inflammatory nature of the disease [13]. SCD is associated with decreased cardiorespiratory fitness and abnormal cardiorespiratory responses to exercise [14]. In addition, some youth with SCD have functional deficits from sequelae of stroke or avascular necrosis of the hip that could also limit PA and exercise. Finally, SCD patients also have disproportionately further risk factors for low PA: disadvantages of low income and urban residence [11]. In favor of exercise, selected groups of adults and adolescents with SCD have successfully tolerated maximal exercise testing and the 6-min walk protocol [15,16,17] and exercise training programs [18]. Children and adolescents with SCD can receive mixed messages from physicians about participation in PA [13,19] and there are currently no formal evidenced-based guidelines to support PA recommendations for the SCD population [20].



Thus, although experts strongly encourage PA for adolescents [1], the factors that are associated with good adherence to prescribed exercise remain unclear. Adherence to a PA program may be improved when the recommended PA is a good match for the individual’s motivation and addresses barriers to PA for that individual.



We therefore reviewed the scientific literature with a focus on the psychosocial motivators and barriers to PA behaviors in children and adolescents with SCD and other chronic diseases. So that “exercise prescriptions” will be successful, a deeper understanding of these motivators and barriers could be useful for building effective interventions to promote PA among youth with SCD.




2. Methods


This literature review examined the research question: what are the motivators and barriers to PA among youth with chronic disease? The review was limited to children with chronic disease from racial/ethnic minorities, including adolescents with SCD. The following key words and phrases were searched in the Web of Science (WOS), PubMed, CINAHL, Psych Info, and Google Scholar databases: motivation *, barriers *, physical activity OR sport * OR exercise OR health-related quality of life *, child * OR adolescent * OR pediatric *, facilitator *, aversion *, physical activity behavior *, attitudes and beliefs *, physical disability *, chronic disease OR illness *, and sickle cell disease. The inclusion criteria were English articles published from January 2009 to March 2022. Articles were included if they included children and adolescents with chronic disease from racial/ethnic minorities. Health-related quality of life (HRQL) was included because physical activity and physical function is included in many pediatric HRQL measures [21]. Titles and abstracts were screened and articles that meet initial screening were organized in the citation manager. The appropriateness of included articles was confirmed by a second reviewer. After final selection, references from included articles were reviewed and additional appropriate studies that were missed through the initial search were added.



Thematic analysis was conducted based on social ecologic theory according to the approach of Thomas and Harden [22]. The social ecological model is a framework for understanding the effects of personal, interpersonal, environmental, and policy factors that determine behavior [23]. Using the abductive approach to thematic synthesis, we followed the stages of familiarization, generated initial codes, organized codes into related areas to construct descriptive themes and sub-themes, developed analytical themes based on the chosen theoretical framework and identified key themes and sub-themes.




3. Results


The search for articles on psychosocial factors that influence PA in youth with SCD yielded no papers that focused on motivation and barriers to physical activity. One study focusing on perception of fatigue when approaching the anaerobic exercise threshold found that 73% of interviewees with SCD did not stop exercising until symptoms were severe (chest tightness, blurry vision) [20]. Ten papers on health-related quality of life (HRQL) in SCD mentioned physical function, but only two had relevance to psychosocial factors that influence PA. One study determined that youth on hydroxyurea for SCD had better HRQL, including improved physical activity [24]. The other paper examined the family impact of SCD and noted that parents and siblings of teens with SCD mentioned physical activity limitations as one aspect of chronic disease impact on the family’s quality of life, with an indirect mention of weaker bones as a barrier to PA [25]. These descriptions were not sufficient for thematic analysis of psychosocial factors and PA in SCD.



Because thematic analysis was not possible with the studies on SCD, the search was expanded beyond SCD to the broader population of “chronic disease in urban minority youth” to provide more material for qualitative analysis. This broader search resulted in 118 relevant citations by title and abstract. Review of the full texts narrowed the group, then a manual search added 10 studies to result in 38 studies on PA motivators and barriers in youth with other chronic diseases (Figure 1) in addition to the 11 studies on HRQL in SCD.



Review of the references from these studies in chronic diseases other than SCD led to seven additional papers that were considered relevant for inclusion in qualitative analysis (Figure 1). Thematic analysis of motivators and barriers resulted in three categories of the social ecological model (personal, interpersonal relationships, and environment) and seven sub-themes (Table 1). No information was found in the policy category of the social ecological model.



3.1. Personal


Self-Efficacy—Under the personal category, self-efficacy was a frequent and broad term used in the studies reviewed [26]. Adolescence is a developmental stage characterized by rapid physical and emotional changes that increase the demand on an individual to respond or change. Adolescents with chronic illnesses or disabilities lack confidence in their ability to participate in PA, exercise, or sports [27]. Increased fatigability is a common feature of SCD [11,12,13,14,15,16,20] that may limit participation in endurance sports and have negative consequences on self-perception. Children with other chronic diseases, such as myalgia from encephalomyelitis, experience lower self-confidence and increased sense of vulnerability due to the physically restrictive nature of their illness [28]. In adolescents with obesity, low self-efficacy is often reported and results in decreased exercise activity.



Fear—Fear of triggering vaso-occlusive pain with over-exertion limits PA in SCD, and the extreme intensity of sickle vaso-occlusive pain can make this fear significantly impair HRQL in SCD [24]. Fear of triggering pain with exercise has caused avoidance behavior in adolescents with chronic illness such as juvenile idiopathic arthritis [29]. Pain intensity and pain duration are likely associated with developing fear avoidance belief, which could result in lower levels of physical activity. Reducing one’s physical activity levels to avoid pain may lead to heighted fear of movement, depression, and worsening of chronic pain [30]. In older adults, pain intensity and duration have been identified to be predictors of self-reported and performance-reported disabilities [31]. In other chronic diseases, disease complications triggered by exercise can potentially be severe and create barriers to PA among adolescents. For example, adolescents with type 1 diabetes and their parents fear the risk of hypoglycemic episodes after participation in PA or exercise [32]. Knowledge and ability gaps due to chronic diseases may be associated with fear and lower self-esteem, leading to limited PA participation and poor development of skills compared to peers, further diminishing self-esteem [27].



Autonomy—Youth prefer to choose how they would like to be active and not have activities chosen for them. Having a choice of PA may represent both a motivator or barrier to PA. Adolescents with obesity perceived non-structured PA lower in priority and unnecessary as they developed and transitioned into young adulthood because they did not enjoy it [33]. However, self-efficacy and goal setting were positively correlated with vigorous PA in youth with multiple sclerosis [34]. Pre-teens with congenital heart disease in a program of structured PA emphasized their enjoyment of PA as a primary source of motivation [35].




3.2. Relationships


Interpersonal relationships as a thematic category include the relationships between adolescents and their peers, friends, or family members. Encouragement and role modeling by these individuals may be important factors for increasing PA among sedentary adolescents.




3.3. Parental Relationship


Lack of support from parents, who themselves may be inactive, may contribute to decreased motivation for PA among adolescents with obesity [33,36,37]. Parental overprotectiveness may be associated with fear avoidance behaviors that result in reduced PA in adolescents with chronic illness. For example, parental fear may include catastrophizing pain that may or may not occur with PA in children with chronic pain conditions [38]. Some programs describe increased PA when mothers and children exercise together [39,40]. A study found that children with chronic disease had increased adherence to daily PA when family members were engaged [41].




3.4. Peer Relationships


For some children with physical disabilities, peer involvement and acceptance are effective motivators of their participation in PA [27]. Playing a game with peers can influence social, emotional, and cognitive development. Many after-school programs promote PA by combining team sports with adult mentorship. However, adverse interactions with peers (e.g., stigma, bullying, social rejection, and isolation) are common experiences for children with chronic diseases [42]. These adverse interpersonal factors may represent significant barriers to active sports participation during spontaneous play or structured training.



Research investigating the effects of active video games (AVG) or exergames have increased over the past 30 years. In the United States, an estimated 91% of children play video games with the population of gamers increasing worldwide [43]. Video games can include significant social interaction among teenagers [44] and cooperative video games can improve child behavior and emotion [45,46]. Exergaming may have some advantages for youth with chronic diseases, including increasing motivation and allowing for immersion and enjoyment [47,48]. Exergaming may also give youth with chronic diseases a chance to increase their PA through non-traditional forms of exercise [49]. Lastly, exergames or AVG’s may be modified or adapted to fit the needs of different populations, which may be beneficial for youth with chronic diseases [50,51].



Studies suggest that professional gaming (esport) may be physically taxing on the body, as supported by elevated heart rates and cortisol levels comparable to that observed in other sports [43]. Adolescents with chronic diseases may be motivated to increase PA in order to improve their performance in video games with their peers. Therefore, some suggest video gaming as an intervention to increase PA in children with chronic illness [42].




3.5. Coach/Teacher Relationships


Coaches, instructors, and physical education teachers are key facilitators of PA because they can modify activities to accommodate specific chronic medical conditions [27]. A parent from an interview stated this about the coaches, instructors, and physical education teachers, “A lot comes down to the compassion of coaches. If they understand the situation then they give them the attention they (children) need”. However, some adult coaches, teachers, or mentors might have low awareness of the accommodations needed for adolescents with chronic illness. A physically disabled adolescent in a study stated that “Some teachers I’ve had in PE they don’t want to like really listen. They say we’re doing it this way and that’s it, you have to adapt to try and fit in” [27].





4. Environment


Environment as a thematic category includes safe and accessible environments to participate in PA. Environmental barriers include limited open or crowded space for play or sports participation; lack of safe play space, which is common in urban settings; or limited access to equipment or accommodations required by children with chronic disease (e.g., swimming pool that is heated or accessible for physical disability). Exposure to harsh climates may limit PA for some children with chronic diseases such as SCD, for whom extreme heat or cold may trigger complications. In one study, 41% of 234 adolescents with disabilities stated that uneven playgrounds were a barrier to PA [52]. The ability or inability to adapt PA programs and activities or provide access to transportation was frequently reported as a barrier or facilitator of PA [53,54,55].




5. Discussion


Evidence is slowly accumulating for customized physical activity prescriptions in youth with SCD and other chronic diseases [7,13,56], but these prescriptions would be enhanced by incorporating strategies to overcome behavioral barriers to PA in youth with SCD and other chronic diseases. This literature review suggests that youth with SCD have some barriers and motivators to PA that are unique to SCD (Table 2). However, the literature remains incomplete, and none could be included in Table 1. For example, this search strategy found nothing on avascular necrosis (AVN) of the femoral head as a PA barrier for adolescents [25]. AVN affects as many as 50% of adults with SCD and some adolescents, and a body of orthopedic studies use limited mobility and poor HRQL as outcome measures to compare total hip arthroplasty techniques for SCD AVN [57].



Thus, to learn more about possible PA motivators and barriers in SCD, this study examined the PA motivators and barriers in other under-resourced youth with chronic diseases, which are also outlined in Table 2. Youth with chronic diseases share in three broad categories of perceived barriers or motivators of PA. Personal factors include self-efficacy, fear, and autonomy. Interpersonal factors include the relationship of children with chronic disease to their parents, peers, and coaches/teachers. Environmental factors may refer to available adaptations or accommodations required for children with chronic disease to engage in PA. Although it is unclear which factors may contribute most to PA participation in adolescents with chronic disease, much attention has focused on self-efficacy as one of the more important motivators or barriers to PA in this population.



In the example of SCD, youth with SCD are encouraged by health providers to participate in PA and to take advantage of the physical and psychological benefits it offers. Untrained youth might allow high motivation to override judgment about when to stop exercising [20]. However, there are unsubstantiated concerns that PA may trigger complications of SCD, whether pain or other complications. SCD is known to decrease cardiopulmonary fitness because of its pathophysiology [14]. Gouraud [58] observed that patients with SCD (hemoglobin SS type) had a lower step frequency on a 6-min walk test compared to healthy control subjects and hypothesized that SS patients walked more slowly to decrease the metabolic cost and perceived fatigue. An exercise training feasibility study found teens with SCD showed a 10 percent increase in their fitness after 6 weeks of aerobics training and 12 weeks of a home exercise program [56]. However, during the second part of the study, teens showed decreased adherence to the exercise program with some expressing decreased interest and motivation. Despite the robust literature on the physiological contributors to reduced fitness in youth with SCD, few studies have examined the psychosocial factors that affect PA in this population.



In a study that examined PA patterns in children with SCD compared to the national control sample, negative perceptions related to SCD were correlated with decreased PA levels in children with SCD [12]. The themes that might be relevant to youth with SCD are self-efficacy, fear, and parental relationship. Effects of SCD such as delayed development are observed in youth with SCD, so they are likely to be smaller than their peers. Physiological impairments may also decrease their belief in their personal ability, which in turn affects their self-efficacy. Fear might be a determinant of PA levels in SCD because youth with SCD are likely to experience fear and avoid activities that may trigger pain episodes. Parental relationships could influence PA levels because parents may exhibit overprotection of their children to avoid triggering complications of their children‘s disease.



A recent review of PA disparities for adults from underserved minority groups identified community-based interventions as “best practices” that overcome some environmental barriers to PA: community-based participatory research (CBPR), multi-level interventions, and interdisciplinary teams [10]. Adapting these community interventions to adolescents with chronic disease will be a challenge, because of dependence on interpersonal relationships. Rare diseases such as SCD are associated with community stigma or misunderstanding [60,61], and so the very community members that promote PA could also hinder the motivation for PA in the adolescent with chronic disease. Therefore, implementing these “best practices” will probably require careful addition of medical interaction, emphasizing the interdisciplinary team.



This review has several limitations. The body of literature on the motivations and barriers to PA in youth with chronic disease is small. Although the primary interest of this review is SCD, no studies in SCD were found to be designed to study motivations and barriers to PA. The SCD findings in Table 2 are drawn from seven studies with motivations and barriers as secondary results. The study thus searched for primary evidence on populations related to SCD, minority youth with other chronic disease, because youth with SCD are racial and ethnic minorities in North America and Europe. However, the search on minorities excludes youth with some chronic diseases that do not affect minority groups, notably cystic fibrosis. Gaps in knowledge certainly remain after this literature search but understanding motivations and barriers may lead to ways to increase PA participation in children with chronic disease such as SCD. Other aspects that require clarification include the following: which factors are most important to improve PA, which options should be included in a prescription to increase PA, which strategies for PA should be matched to which chronic disease (especially SCD), and what are the levels of incentive and reinforcement that will sustain high PA during a lifetime that is affected by chronic disease? How much adaptation is needed for individual personalities, local environments, and community contexts?



Youth with chronic disease may miss out on the spectrum of psychological and physiological benefits of PA due to a lack of appreciation for their motivations and barriers. A better, more thorough understanding of these factors may provide additional insight for developing appropriate evidence-based guidelines for increasing PA and exercise in the SCD population. Knowledge gaps on these motivations and barriers should be filled so that exercise prescriptions can be implemented for youth with chronic disease such as SCD. Prospective studies on the physiologic and psychosocial factors in PA in SCD are vitally important to improve the quality of life in SCD.







Author Contributions


Conceptualization, O.O.O., L.L.-y.H., R.I.L.; methodology O.O.O. and L.L.-y.H.; validation and formal analysis, O.O.O. and L.L.-y.H.; writing—original draft preparation, O.O.O.; writing—review and editing, O.O.O., L.L.-y.H., R.I.L., supervision and project administration L.L.-y.H.; funding acquisition R.I.L., L.L.-y.H. All authors have read and agreed to the published version of the manuscript.




Funding


Research reported in this publication was supported by the National Heart, Lung, and Blood Institute of the National Institutes of Health under Award Number R01HL136480 S1 for O.O.O. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Conflicts of Interest


The authors declare no relevant conflicts of interest.




References


	



Lobelo, F.; Muth, N.D.; Hanson, S.; Nemeth, B.A.; Council on Sports Medicine and Fitness; Section on Obesity; LaBella, C.R.; Brooks, M.A.; Canty, G.; Diamond, A.B.; et al. Physical Activity Assessment and Counseling in Pediatric Clinical Settings. Pediatrics 2020, 145, e20193992. [Google Scholar] [CrossRef] [PubMed]

	



Claassen, A.A.; Gorter, J.W.; Stewart, D.; Verschuren, O.; Galuppi, B.E.; Shimmell, L.J. Becoming and staying physically active in adolescents with cerebral palsy: Protocol of a qualitative study of facilitators and barriers to physical activity. BMC Pediatr. 2011, 11, 1. [Google Scholar] [CrossRef] [PubMed]

	



Kohl, H.W., III; Hobbs, K.E. Development of physical activity behaviors among children and adolescents. Pediatrics 1998, 101, 549–554. [Google Scholar] [CrossRef] [PubMed]

	



Kann, L.; McManus, T.; Harris, W.A.; Shanklin, S.L.; Flint, K.H.; Queen, B.; Lowry, R.; Chyen, D.; Whittle, L.; Thornton, J.; et al. Youth Risk Behavior Surveillance—United States, 2017. MMWR Surveill. Summ. 2018, 67, 1–114. [Google Scholar] [CrossRef] [PubMed]

	



Tran, D.; Maiorana, A.; Ayer, J.; Lubans, D.R.; Davis, G.M.; Celermajer, D.S.; d’Udekem, Y.; Cordina, R. Recommendations for exercise in adolescents and adults with congenital heart disease. Prog. Cardiovasc. Dis. 2020, 63, 350–366. [Google Scholar] [CrossRef] [PubMed]

	



Durstine, J.L.; Painter, P.; Franklin, B.A.; Morgan, D.; Pitetti, K.H.; Roberts, S.O. Physical activity for the chronically ill and disabled. Sports Med. 2000, 30, 207–219. [Google Scholar] [CrossRef]

	



Williams, C.A.; Barker, A.R. The Role of Physical Activity, Exercise, and Fitness in Medicine. In Exercise and Respiratory Diseases in Paediatrics; Routledge: New York, NY, USA, 2022; pp. 1–20. [Google Scholar]

	



Mendoza-Vasconez, A.S.; Linke, S.; Munoz, M.; Pekmezi, D.; Ainsworth, C.; Cano, M.; Williams, V.; Marcus, B.H.; Larsen, B.A. Promoting Physical Activity among Underserved Populations. Curr. Sports Med. Rep. 2016, 15, 290–297. [Google Scholar] [CrossRef]

	



Woodmansee, C.; Hahne, A.; Imms, C.; Shields, N. Comparing participation in physical recreation activities between children with disability and children with typical development: A secondary analysis of matched data. Res. Dev. Disabil. 2016, 49–50, 268–276. [Google Scholar] [CrossRef]

	



Bantham, A.; Taverno Ross, S.E.; Sebastiao, E.; Hall, G. Overcoming barriers to physical activity in underserved populations. Prog. Cardiovasc. Dis. 2021, 64, 64–71. [Google Scholar] [CrossRef]

	



Osunkwo, I.; Andemariam, B.; Minniti, C.P.; Inusa, B.P.D.; El Rassi, F.; Francis-Gibson, B.; Nero, A.; Trimnell, C.; Abboud, M.R.; Arlet, J.B.; et al. Impact of sickle cell disease on patients’ daily lives, symptoms reported, and disease management strategies: Results from the international Sickle Cell World Assessment Survey (SWAY). Am. J. Hematol. 2021, 96, 404–417. [Google Scholar] [CrossRef]

	



Omwanghe, O.A.; Muntz, D.S.; Kwon, S.; Montgomery, S.; Kemiki, O.; Hsu, L.L.; Thompson, A.A.; Liem, R.I. Self-Reported Physical Activity and Exercise Patterns in Children with Sickle Cell Disease. Pediatr. Exerc. Sci. 2017, 29, 388–395. [Google Scholar] [CrossRef] [PubMed]

	



Connes, P.; Machado, R.; Hue, O.; Reid, H. Exercise limitation, exercise testing and exercise recommendations in sickle cell anemia. Clin. Hemorheol. Microcirc. 2011, 49, 151–163. [Google Scholar] [CrossRef] [PubMed]

	



Liem, R.I.; Reddy, M.; Pelligra, S.A.; Savant, A.P.; Fernhall, B.; Rodeghier, M.; Thompson, A.A. Reduced fitness and abnormal cardiopulmonary responses to maximal exercise testing in children and young adults with sickle cell anemia. Physiol. Rep. 2015, 3, e12338. [Google Scholar] [CrossRef] [PubMed]

	



Badawy, S.M.; Payne, A.B.; Rodeghier, M.J.; Liem, R.I. Exercise capacity and clinical outcomes in adults followed in the Cooperative Study of Sickle Cell Disease (CSSCD). Eur. J. Haematol. 2018, 101, 532–541. [Google Scholar] [CrossRef]

	



Gellen, B.; Messonnier, L.A.; Galacteros, F.; Audureau, E.; Merlet, A.N.; Rupp, T.; Peyrot, S.; Martin, C.; Feasson, L.; Bartolucci, P.; et al. Moderate-intensity endurance-exercise training in patients with sickle-cell disease without severe chronic complications (EXDRE): An open-label randomised controlled trial. Lancet Haematol. 2018, 5, e554–e562. [Google Scholar] [CrossRef]

	



de Araujo Junior, J.A.; Antonelli Rossi, D.A.; Carneiro Valadao, T.F.; Milan-Mattos, J.C.; Catai, A.M.; Sato, T.O.; Hueb, J.C.; Zanati Bazan, S.G.; Hokama, P.O.M.; Hokama, N.K.; et al. Cardiovascular benefits of a home-based exercise program in patients with sickle cell disease. PLoS ONE 2021, 16, e0250128. [Google Scholar] [CrossRef]

	



Merlet, A.N.; Messonnier, L.A.; Coudy-Gandilhon, C.; Bechet, D.; Gellen, B.; Rupp, T.; Galacteros, F.; Bartolucci, P.; Feasson, L. Beneficial effects of endurance exercise training on skeletal muscle microvasculature in sickle cell disease patients. Blood 2019, 134, 2233–2241. [Google Scholar] [CrossRef]

	



Martins, J.; Marques, A.; Sarmento, H.; Carreiro da Costa, F. Adolescents’ perspectives on the barriers and facilitators of physical activity: A systematic review of qualitative studies. Health Educ. Res. 2015, 30, 742–755. [Google Scholar] [CrossRef]

	



Ameringer, S.; Elswick, R.K., Jr.; Sisler, I.; Smith, W.; Lipato, T.; Acevedo, E.O. Exercise Testing of Adolescents and Young Adults with Sickle Cell Disease: Perceptual Responses and the Gas Exchange Threshold. J. Pediatr. Oncol. Nurs. 2019, 36, 310–320. [Google Scholar] [CrossRef]

	



Chmielik, L.P.; Mielnik-Niedzielska, G.; Kasprzyk, A.; Stankiewicz, T.; Niedzielski, A. Health-Related Quality of Life Assessed in Children with Chronic Rhinitis and Sinusitis. Child. Basel 2021, 8, 1133. [Google Scholar] [CrossRef]

	



Thomas, J.; Harden, A. Methods for the thematic synthesis of qualitative research in systematic reviews. BMC Med. Res. Methodol. 2008, 8, 45. [Google Scholar] [CrossRef] [PubMed]

	



Sallis, J.F.; Owen, N.; Fisher, E. Ecological models of health behavior. Health Behav. Theory Res. Pract. 2015, 5, 43–64. [Google Scholar]

	



Thornburg, C.D.; Calatroni, A.; Panepinto, J.A. Differences in health-related quality of life in children with sickle cell disease receiving hydroxyurea. J. Pediatr. Hematol. Oncol. 2011, 33, 251–254. [Google Scholar] [CrossRef] [PubMed]

	



Graff, J.C.; Hankins, J.; Graves, R.J.; Robitaille, K.Y.; Roberts, R.; Cejda, K.; Hardy, B.T.; Johnson, M.; Porter, J.S. Exploring family communication about sickle cell disease in adolescence. J. Pediatr. Oncol. Nurs. 2012, 29, 323–336. [Google Scholar] [CrossRef] [PubMed]

	



Arlinghaus, K.R.; Foreyt, J.P.; Johnston, C.A. The Issue of Aversion in Lifestyle Treatments. Am. J. Lifestyle Med. 2017, 11, 119–121. [Google Scholar] [CrossRef]

	



Shields, N.; Synnot, A. Perceived barriers and facilitators to participation in physical activity for children with disability: A qualitative study. BMC Pediatr. 2016, 16, 9. [Google Scholar] [CrossRef]

	



Fisher, H.; Crawley, E. Why do young people with CFS/ME feel anxious? A qualitative study. Clin. Child Psychol. Psychiatry 2013, 18, 556–573. [Google Scholar] [CrossRef]

	



Nørgaard, M.; Herlin, T. Sport and exercise habits in children with juvenile idiopathic arthritis (JIA). Pediatr. Rheumatol. 2011, 9, 126. [Google Scholar] [CrossRef]

	



Vlaeyen, J.W.; Kole-Snijders, A.M.; Rotteveel, A.M.; Ruesink, R.; Heuts, P.H. The role of fear of movement/(re)injury in pain disability. J. Occup. Rehabil. 1995, 5, 235–252. [Google Scholar] [CrossRef]

	



Silva, A.G.; Queiros, A.; Cerqueira, M.; Rocha, N.P. Pain intensity is associated with both performance-based disability and self-reported disability in a sample of older adults attending primary health care centers. Disabil. Health J. 2014, 7, 457–465. [Google Scholar] [CrossRef]

	



Tully, C.; Aronow, L.; Mackey, E.; Streisand, R. Physical Activity in Youth with Type 1 Diabetes: A Review. Curr. Diab. Rep. 2016, 16, 85. [Google Scholar] [CrossRef] [PubMed]

	



Lindelof, A.; Nielsen, C.V.; Pedersen, B.D. A qualitative, longitudinal study exploring obese adolescents’ attitudes toward physical activity. J. Phys. Act. Health 2013, 10, 113–121. [Google Scholar] [CrossRef]

	



Grover, S.A.; Sawicki, C.P.; Kinnett-Hopkins, D.; Finlayson, M.; Schneiderman, J.E.; Banwell, B.; Till, C.; Motl, R.W.; Yeh, E.A. Physical Activity and Its Correlates in Youth with Multiple Sclerosis. J. Pediatr. 2016, 179, 197–203.e2. [Google Scholar] [CrossRef] [PubMed]

	



Blais, A.Z.; Lougheed, J.; Yaraskavitch, J.; Adamo, K.B.; Longmuir, P.E. “I really like playing games together”: Understanding what influences children with congenital heart disease to participate in physical activity. Child Care Health Dev. 2020, 46, 457–467. [Google Scholar] [CrossRef] [PubMed]

	



Alm, M.; Soroudi, N.; Wylie-Rosett, J.; Isasi, C.R.; Suchday, S.; Rieder, J.; Khan, U. A qualitative assessment of barriers and facilitators to achieving behavior goals among obese inner-city adolescents in a weight management program. Diabetes Educ. 2008, 34, 277–284. [Google Scholar] [CrossRef] [PubMed]

	



Lindelof, A.; Nielsen, C.V.; Pedersen, B.D. Obesity treatment-more than food and exercise: A qualitative study exploring obese adolescents’ and their parents’ views on the former’s obesity. Int. J. Qual. Stud. Health Well-Being 2010, 5, 5073. [Google Scholar] [CrossRef]

	



Wilson, A.C.; Lewandowski, A.S.; Palermo, T.M. Fear-avoidance beliefs and parental responses to pain in adolescents with chronic pain. Pain Res. Manag. 2011, 16, 178–182. [Google Scholar] [CrossRef]

	



Yelton, L.; Forbis, S. Influences and Barriers on Physical Activity in Pediatric Oncology Patients. Front. Pediatr. 2016, 4, 131. [Google Scholar] [CrossRef]

	



Shropshire, J.; Carroll, B. Family Variables and Children’s Physical Activity: Influence of Parental Exercise and Socio-economic Status. Sport Educ. Soc. 1997, 2, 95–116. [Google Scholar] [CrossRef]

	



Council on Sports Medicine; Fitness and Council on School Health. Active healthy living: Prevention of childhood obesity through increased physical activity. Pediatrics 2006, 117, 1834–1842. [Google Scholar] [CrossRef]

	



Nijhof, S.L.; Vinkers, C.H.; van Geelen, S.M.; Duijff, S.N.; Achterberg, E.J.M.; van der Net, J.; Veltkamp, R.C.; Grootenhuis, M.A.; van de Putte, E.M.; Hillegers, M.H.J.; et al. Healthy play, better coping: The importance of play for the development of children in health and disease. Neurosci. Biobehav. Rev. 2018, 95, 421–429. [Google Scholar] [CrossRef] [PubMed]

	



Toth, A.J.; Ramsbottom, N.; Kowal, M.; Campbell, M.J. Converging Evidence Supporting the Cognitive Link between Exercise and Esport Performance: A Dual Systematic Review. Brain Sci. 2020, 10, 859. [Google Scholar] [CrossRef] [PubMed]

	



Lenhart, A.; Kahne, J.; Middaugh, E.; Macgill, A.R.; Evans, C.; Vitak, J. Teens, Video Games, and Civics: Teens’ Gaming Experiences Are Diverse and Include Significant Social Interaction and Civic Engagement; Pew Charitable Trust: Washington, DC, USA, 2008. [Google Scholar]

	



Ewoldsen, D.; Eno, C.; Okdie, B.; Velez, J.; Guadagno, R.; DeCoster, J. Effect of Playing Violent Video Games Cooperatively or Competitively on Subsequent Cooperative Behavior. CyberPsychology Behav. 2012, 15, 277–280. [Google Scholar] [CrossRef] [PubMed]

	



Russoniello, C.V.; O’Brien, K.; Parks, J.M. EEG, HRV and Psychological Correlates while Playing Bejeweled II: A Randomized Controlled Study. Stud. Health Technol. Inf. 2009, 144, 189–192. [Google Scholar]

	



Lee, S.; Kim, W.; Park, T.; Peng, W. The Psychological Effects of Playing Exergames: A Systematic Review. Cyberpsychol. Behav. Soc. Netw. 2017, 20, 513–532. [Google Scholar] [CrossRef]

	



Feltz, D.L.; Forlenza, S.T.; Winn, B.; Kerr, N.L. Cyber Buddy Is Better than No Buddy: A Test of the Kohler Motivation Effect in Exergames. Games Health J. 2014, 3, 98–105. [Google Scholar] [CrossRef]

	



Finco, M.D.; Reategui, E.; Zaro, M.A.; Sheehan, D.D.; Katz, L. Exergaming as an Alternative for Students Unmotivated to Participate in Regular Physical Education Classes. Int. J. Game-Based Learn. IJGBL 2015, 5, 1–10. [Google Scholar] [CrossRef]

	



Mishra, J.; Anguera, J.A.; Gazzaley, A. Video Games for Neuro-Cognitive Optimization. Neuron 2016, 90, 214–218. [Google Scholar] [CrossRef]

	



Staiano, A.E.; Calvert, S.L. Exergames for Physical Education Courses: Physical, Social, and Cognitive Benefits. Child Dev. Perspect. 2011, 5, 93–98. [Google Scholar] [CrossRef]

	



Matheri, J.; Frantz, J. Physical activity levels among young people with physical disabilities in selected high schools in Kenya and their perceived barriers and facilitators to participation. J. Commun. Health Sci. 2009, 4, 21–26. [Google Scholar]

	



Li, C.; Chen, S. Exploring Experiences of Physical Activity in Special School Students with Cerebral Palsy: A Qualitative Perspective. Eur. J. Adapt. Phys. Act. 2012, 5, 7–17. [Google Scholar] [CrossRef]

	



Luther, B.L. Food and Physical Activity Choices to Prevent Overweight in Children with Spina Bifida; University of Utah: Salt Lake City, UT, USA, 2010. [Google Scholar]

	



Verschuren, O.; Wiart, L.; Hermans, D.; Ketelaar, M. Identification of facilitators and barriers to physical activity in children and adolescents with cerebral palsy. J. Pediatr. 2012, 161, 488–494. [Google Scholar] [CrossRef] [PubMed]

	



Liem, R.I.; Akinosun, M.; Muntz, D.S.; Thompson, A.A. Feasibility and safety of home exercise training in children with sickle cell anemia. Pediatr. Blood Cancer 2017, 64, e26671. [Google Scholar] [CrossRef] [PubMed]

	



Adesina, O.O.; Neumayr, L.D. Osteonecrosis in sickle cell disease: An update on risk factors, diagnosis, and management. Hematol. Am. Soc. Hematol. Educ. Program Book 2019, 1, 351–358. [Google Scholar] [CrossRef] [PubMed]

	



Gouraud, E.; Connes, P.; Gauthier-Vasserot, A.; Faes, C.; Merazga, S.; Poutrel, S.; Renoux, C.; Boisson, C.; Joly, P.; Bertrand, Y.; et al. Is Skeletal Muscle Dysfunction a Limiting Factor of Exercise Functional Capacity in Patients with Sickle Cell Disease? J. Clin. Med. 2021, 10, 2250. [Google Scholar] [CrossRef] [PubMed]

	



Wali, Y.A.; Moheeb, H. Effect of hydroxyurea on physical fitness indices in children with sickle cell anemia. Pediatr. Hematol. Oncol. 2011, 28, 43–50. [Google Scholar] [CrossRef]

	



Power-Hays, A.; Li, S.; Mensah, A.; Sobota, A. Universal screening for social determinants of health in pediatric sickle cell disease: A quality-improvement initiative. Pediatr. Blood Cancer 2020, 67, e28006. [Google Scholar] [CrossRef]

	



Robinson, M.R.; Daniel, L.C.; O’Hara, E.A.; Szabo, M.M.; Barakat, L.P. Insurance status as a sociodemographic risk factor for functional outcomes and health-related quality of life among youth with sickle cell disease. J. Pediatr. Hematol. Oncol. 2014, 36, 51–56. [Google Scholar] [CrossRef]








[image: Children 09 00572 g001 550] 





Figure 1. PRISMA flowchart of the literature search and screening. 
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Table 1. Thematic analysis results using social ecological model.
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Psychosocial Factors

	
Motivation Theme

	
Barrier Theme






	
Personal

	

	




	
Self-Efficacy = Intrinsic factor that emphasizes a person’s belief in their abilities.

	
Youth with higher self-efficacy may likely be motivated to participate in physical activity (PA).

	
Youth with lower self-efficacy might experience lower motivation to participate in PA, especially group activities. Youth who had less opportunity to practice a sport feel that their skills are below peers.




	
Autonomy = A person’s ability to make choices for themselves among PA options.

	
Autonomy and variety provide opportunity for youth to exercise independence in deciding among options. This may result in motivation in youth to participate in PA.

	
The lack of options or freedom to exercise independence may decrease motivation in youth participation in PA.




	
Fear = Fear of injury or risk of adverse side effects from PA.

	

	
Fear may decrease motivation to participate in PA for youth with chronic diseases. Youth may avoid PA to prevent triggering disease complication such as pain or exhaustion.




	
Relationships

	




	
Parental = Parents can encourage PA or even share in PA with the youth.

	
Parental cooperation, support, and encouragement may increase motivation to participate in PA.

	
Over protection and diminished parental cooperation may likely decrease motivation to participate in PA.




	
Peer = PA with peers can be powerful as a motivator or as a barrier.

	
Social Inclusion, Peer support and comradery in team settings may provide encouragement and likely increase motivation to participate in PA.

	
Bullying and teasing may decrease motivation to participate in PA.




	
Coach/Teacher = Youth spend approximately 7 h. daily at school excluding afterschool programs.

	
Coach/ Teacher involvement could be another source of support and encouragement.

Professionals who work with youth could be trained to modify activities to involve youth with chronic disease, which may lead to increase motivation to participate in PA.

	
Inexperienced coach/teachers may decrease the motivation of youth for PA participation. This may prove to be a barrier due to the inability to effectively modify activity for youth or speak motivationally to these youth with chronic disease. Over protection in these interactions may also decrease motivation to participate in PA.




	
Environment

	




	
Environmental = Safe space for PA, trained supervision, and helpful equipment makes for a good environment for PA.

	
Availability of resources at home, school, or community may increase motivation to participate in PA.

	
The lack of resources at home, school, and community may decrease motivation to participate in PA. Urban environments and poverty can severely limit safety and space for PA, creating barriers and decreasing motivation to participate in PA.








PA = physical activity.
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Table 2. Physical activity motivators and barriers for youth with sickle cell disease.
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	Barriers
	Refs
	Motivators
	Refs





	Sickle cell disease specific
	Fatigue

Lower threshold for anaerobic exercise

Exertion triggering vaso-occlusive pain

Avascular necrosis of femoral head
	[11,20,25,57,58]
	Hydroxyurea treatment can improve exercise tolerance
	[24,59]



	Youth
	Peer relationships might not support PA

Activities not matched for age

Lack of fun

Low perception of competence
	[19,42]
	Peer support for PA

Mentor/coach/family support

Having fun
	[25,34,35,39,40,41,42]



	Under-resourced
	Inadequate facilities

Unsafe urban environment

Competing priorities for time

Cultural expectations
	[52,53,54,55]
	Community-based interventions
	[10]



	Chronic disease
	Stigma, performance hampered by chronic disease

Worry that PA will cause chronic disease to worsen

Mentors/coaches/family misinformation about disease limitations
	[27,28,29,30,32,38,60,61]
	Reassurance from medical personnel

Evidence that PA can be safe

Tailored PA accommodates for chronic disease
	[7,13,18,56]
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