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Abstract

:

Two years into this pandemic, mental health symptoms are more prevalent in children and adolescents, routine wellness visits have decreased, individuals and families are experiencing increased stress, and food and nutrition insecurity are on the rise. Pediatric overweight and obesity are yet another health condition that has been impacted by the pandemic. The current commentary aims to (a) summarize a variety of factors contributing to worsening obesity and healthy lifestyle choices in youth throughout the pandemic and to (b) provide recommendations for healthcare providers on navigating this challenge. Specific health behaviors, such as increased sedentary behavior, decreased physical activity, a change to families’ home-food environments, and an increase in sleep dysregulation have contributed to increased weight gain in children and adolescents. As uncertainty continues with the advent of various COVID-19 variants, it remains important to consider how the pandemic has impacted pediatric overweight and obesity.
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1. Introduction


The COVID-19 pandemic has had an impact on the health behaviors and overall well-being of youth and their families with evidence of increasing risk for pediatric obesity as well [1,2,3]. Halting the spread of the pandemic required sheltering in pace, working from home, remote learning and cessation of social gatherings and extracurricular activities. For many, these changes highlighted pre-existing social inequities. The intention of this commentary is to hone in on the impact of such changes and their specific risk for pediatric obesity. We aim to highlight areas that have potential for intervention by primary care providers. Broadly speaking these areas include food insecurity, sleep regulation, eating in the absence of hunger, safety concerns of diverse youth, diet and exercise. As these issues are not exclusive of one another, our commentary includes a discussion of their interrelatedness and potential methods of holistic intervention.



Social Inequities. Although the relationships are complex, there is a pattern of disproportionate obesity rates among low socioeconomic families, particularly Black and Brown families [3]. The pandemic has shed light on the vast disparities in resources and options available to financially secure families compared to those with less financial stability [4]. Likewise, as families grappled with significant reductions in household income, food insecurity rates were on the rise. Food insecurity is defined as “having inadequate access to sufficient, safe, and nutritious food to meet dietary needs and food preferences for an active and healthy lifestyle” [5]. Tester and colleagues [6] note that while the literature is mixed on the exact association between food insecurity and obesity, both factors commonly occur and negatively affect the health of developing youth.



As youth and their families experienced a wide range of stressors throughout this pandemic, accessing mental health support through the healthcare system has not been equitable. Depending on one’s state of residence, treatment and management of these conditions may not be covered by health insurance, requiring many families to pay out of pocket. The affordability of these interventions is complicated by the noticeable rise in underemployment, unemployment, and food insecurity resulting from the COVID-19 pandemic [7,8]. The COVID-19 pandemic intensified food insecurity, as children and families initially lost access to free or subsidized healthy school meals, families lost income, and supply chain issues reduced options in stores. These issues were amplified in lower income and predominantly minority areas, placing more youth at risk for unhealthy eating habits [9]. In response, many school districts began offering free lunch and breakfast for all students regardless of income status [3,10]. Lack of health insurance coverage results in less access to quality care, such as multidisciplinary pediatric weight management clinics, and delays in the care of chronic health conditions such as obesity. The COVID-19 pandemic has also resulted in a significant reduction in access to collaborative medical groups in treating pediatric obesity. For instance, Johnson and colleagues [11] reported nearly 91% of pediatric sleep centers stopped or significantly reduced in-laboratory studies. Likewise, community-clinic partnerships were halted due to COVID-19 restrictions (e.g., community-based group fitness, increased demands on local food banks).



Stress and Eating in the Absence of Hunger. The impact of stress on metabolic health and weight status is robust [12,13], and the pandemic clearly exacerbated familial and individual stress for many. Coincidentally, while much of the country remained in some form of lockdown or quarantine in early 2020, the murders of three Black people (Ahmaud Arbery, Brionna Taylor, and George Floyd) in February, March, and May of 2020, respectively, drew international attention and outrage. Undoubtedly, these events created additional stress within some subgroups of the American population, particularly Black and Brown individuals. Ang [14] demonstrated that police killings, even those that went unreported in the media, resulted in increased absenteeism and emotional disturbances as well as decreased grade point averages for high school students who lived near where the incidents occurred. Additionally, these negative effects disproportionally affected Black and Hispanic students for several years after these events, which was evident by lower high school graduation and college enrollment rates among students who were ninth graders when the police killings happened [14].



Eating in the absence (EAH) of hunger is a common short-term but poor long-term coping strategy. There is evidence that it may be more prevalent in low socioeconomic households [10]. EAH encompasses eating that is mindless and impulsive (“because it’s there”) as well as eating that is intended to soothe or alleviate painful feelings (“stress eating”). Unlike binge eating, EAH can describe eating with or without loss of control. Anecdotally, there is evidence that EAH episodes became more frequent as people were spending more time at home. Increased eating episodes likely correlate with increases in BMIs during this time, although additional data would be needed to confirm this association.



A study in Uruguay [15] of changes in eating patterns during the pandemic indicated some youth increased food intake out of boredom and/or anxiety and other youth decreased food intake due to sadness. However, the type of food varied, with some participants indicating increased unhealthy food options and others indicating healthier home-cooked meals [16]. In Canada, researchers found that during the pandemic, youth were eating more snack foods even though they were eating out less and caregivers were making more meals at home [17]. Although these studies were not completed in the US, similar stories have been reported around the country with some families working on making healthy home-cooked meals, while other families have struggled more with food insecurity and having access to healthier food options.



Finally, change in work and school resulted in decreased caregiver supervision within some families. Although parental monitoring has not been consistently shown to impact eating behavior in youth [18], the significant impact the pandemic has had on many caregivers’ ability to monitor their youths’ eating, especially eating in the absence of hunger, may play a role in youths’ eating habits.



Risks for Diverse and Special Needs Youth. There is growing evidence that a significant portion of adolescents identifying as transgender or gender non-conforming are overweight [19]. For vulnerable youth within the LGBTQ+ community, stay-at-home orders may have restricted access to in-person social support and increased risks for domestic violence and abuse. From a practical perspective, remote learning removed the safety net of mandated reports such as teachers and therapists [20,21].



Prior to the pandemic, families raising children with intellectual impairments, those on the autism spectrum, with trisomy 21 (Down syndrome) or Prader–Willi syndrome (PWS) may have relied on a network of family, friends, therapists, teachers, and support groups for care, instruction, and day-to-day assistance. During the pandemic, caregivers of youth with special needs have had to assume not only the roles of teacher, babysitter, and parents but potentially the roles of occupational, speech, and physical therapists. An added responsibility for caregivers for children with active hyperphagia is managing their child’s diet [21,22,23,24]. Children with hyperphagia may attempt to obtain food outside of scheduled meals and snacks, eat large portions rapidly and eat in secret [23]. Preoccupation with food and hyperphagia, common features of PWS and some children with trisomy 21, may be harder to manage with parents having the added demand of dividing their time between work, supervising academic demands, and reduced childcare help while working from home [25,26].




2. Healthy Habits: Sedentary Behavior, Physical Activity, Sleep and Nutrition


Compounding the challenges of the pandemic, youth in weight management programs likely were unable to receive intervention as usual during the height of the COVID-19 pandemic. Treatments interventions were halted, modified (e.g., virtual), and at times put on hold. For families of youth with these conditions, weight maintenance is difficult even in the best-case scenarios; hence, we would anticipate even greater weight gain during this particularly stressful time.



Preliminary studies have indicated an increase in sedentary behaviors during the pandemic as children began using electronic devices for remote learning and leisure activities. Sedentary behaviors increase the risk for obesity and cardiometabolic disease in adults and youth [27]. A recent study in China found that during the COVID lockdown in their country, youth had decreased physical activity and increased screen time. In addition to the changes in youth activities, the study found that BMI increased as did the rate of overweight and obesity in youth [28]. A Canadian study also showed increased screen time and decreased physical activity during the beginning stages of the pandemic [3].



American Academy of Child and Adolescent Psychiatry (AACAP) guidelines recommend ≤2 h of recreational screen time per day for 5–17-year-olds. However, even before the COVID-19 pandemic nearly half of North American children (age 8–12 years old) spent 4–6 h per day engaging in screen time (e.g., watching TV, playing video games, scrolling through social media) [27]. Many children have reported that electronic devices are one of the few ways to safely connect with family and friends during the pandemic; however, increased online activity places youth at risk for behavioral health symptoms [29] and reductions in physical activity.



The disruption in children and adolescents’ schedules by the pandemic has shown a dramatic decrease in levels of physical activity [28]. Prior to the COVID-19 pandemic, less than 10% of school-aged (5–17 years) youth achieved recommended daily amounts of physical activity: specifically, 60 min of moderate-to-vigorous physical activity per day [28]. Additionally, 19% of children with disabilities met the recommendation of 60 min of physical activity daily [30]. Many parents also began to experience increased demands on their time, as many juggled working from home with also helping to teach their children or continuing to work at essential jobs while their children stayed home to engage in virtual schooling alone. This often resulted in challenges in finding ways to keep their children physically active [31]. As gyms closed and youth sports halted, children had fewer opportunities for structured physical activities. With the closure of school buildings and the discontinuation of extracurricular activities, youth no longer had access to the social interactions that these activities provide.



There is increasing research linking a lack of sleep with an increase in pediatric obesity. Studies have shown that sleep restriction often leads to weight gain in humans [32,33,34,35]. During COVID-19, altered school and work schedules resulted in children having less sleep overall [17] and possibly later-than-usual bedtimes as well as sleeping later during the day [27]. Youth also reported increased anxiety about the pandemic interfering with their ability to fall asleep in a large community sample of Chinese adolescents [36]. Increased food intake in response to sleep dysregulation is thought to be the current mechanism of action that leads to weight gain. In studies where participants have engaged in voluntary sleep restriction, they were more likely to engage in increased snacking, eating more frequent meals, and a preference for energy-dense, nutrient-poor foods [35], which are all behaviors that place individuals at increased risk for overweight and obesity.



The home-food environment changed for many families during the pandemic. Lockdown measures reduced the frequency that many families engaged in grocery shopping, reducing the purchase of fresh fruits and vegetables [37] and possibly increasing the purchase of processed foods that have a longer shelf-life. Pandemic-related financial strain coupled with concern for shopping in large supermarkets may have led families to rely on nearby corner stores or drive-through fast food chains more often than usual. These changes in eating habits may have affected lower-income families more as they are more likely to experience “food deserts” (i.e., limited access to fresh foods and whole grains) and “food swamps” (i.e., areas highly populated with fast food and convenience stores), which have been strong predictors in adult obesity rates [38].



Interrelatedness of healthy habits and the larger environment. As mentioned in the Introduction, these various aspects of human habits are not mutually exclusive. When remote and asynchronous learning and work became more the norm during the pandemic, sleep schedules shifted, resulting in less time spent in restful sleep at night in adults [39] and possibly youth, although data are not available to clarify [27]. Staying awake late into the night has been associated with increased snacking [35], and a shift in sleep thus could explain some changes in eating habits. Combined with a lack of structured activity, these changes may easily lead to weight gain. Additional familial stressors including financial hardships, poor coping skills, and food insecurity may lead to further eating dysregulation. As such, an ideal intervention would be one that targets multiple domains at once.




3. Moving Forward


The challenges of the pandemic on healthy lifestyle choices within the last two years are clear and numerous. An appropriate next question is, “How do we move forward from this point?” First, we must recognize that despite encouraging increases in vaccination rates and return to school efforts, our new normal will be different in some important ways. We will continue to experience iterations of safety precautions and fluctuating access to sports teams, gyms, social gatherings, recess, dinner parties, etc. Our medical and therapeutic approach will need to remain nimble and tailored.



A first suggestion for moving forward is to consider families’ functioning within the context of Maslow’s hierarchy of needs. The balance of encouraging healthful behaviors while prioritizing safety and stability requires careful attention to one’s communication approach to avoid a victim-blaming attitude that is already often imposed on marginalized communities. The pandemic has exacerbated psychosocial stressors such as food and housing security, especially for the communities who were already the most marginalized. It is critical that families are supported in identifying priorities for whole family health while not overwhelming them with new goals or tasks. Thus, there is an increased need for grace and flexibility in the provider role. For example, we may be more pressed to focus on basic needs such as food security or maintaining a daily schedule while children are engaged in hybrid schooling before engaging in coaching on healthy snacking habits.



Second, telehealth has become fairly ubiquitous during the pandemic; most specialty and primary care providers have now had the occasion to practice this way. However, insurance coverage of these services is at risk as the pandemic wanes and more traditional practices and policies return. Although the rapid introduction of telemedicine occurred as a crisis response, telehealth visits have provided an important access point to families who need medical care, especially those who may have difficulty with transportation, distance to care, or taking time from work to attend appointments in person. A great deal of pediatric obesity treatment is centered around behavioral change. In many cases, virtual care is well suited for conducting appropriate assessment and delivering guidance to families in this domain [36]. In fact, some providers have experienced improvement in their care when patients are home, because they can easily reach into their pantry to show a dietitian what is there, ask about a particular food label, or share a medication bottle. Because physical examinations, physical therapy evaluations, and some level of behavioral observation is necessary in person, a hybrid model of in-person and virtual care may ultimately be the best balance for many families. We would recommend providers consider incorporating telemedicine into their obesity treatment approach and that they engage in advocacy to ensure that cost-reimbursement for this important service continues into the future.



With regard to using food as a coping mechanism, depending on the severity and frequency of the behavior and its impact on a child’s weight status, a referral for cognitive–behavioral intervention may be warranted. Coping skills training and stress management interventions have been shown to be effective when delivered via a virtual format [40].



Next, families and providers are encouraged to take advantage of this season in particular—the season of change. As our schedules and routines are shifting, yet again, from spring to summer and from virtual school to hybrid or in-person school, it is an apt moment to implement structures and routines that are healthful. One key to maintaining any behavioral health change is to make it routine and in sync with other activities that we are confident will occur. Specific strategies that can be applied to support daily routines and structure are outlined below. Please also refer to the relevant article published by the American Academic of Pediatrics: “Helping kids stay active & eat healthy during COVID-19” published online in December 2021 [41].



	
Daily meal schedule: Posting a visible schedule of when meals and snacks will occur can help reduce “grazing” or unnecessary snacking throughout the day. The expectation that all food is eaten at the table (not in front of the computer or other screen) can also help with this. Visual cues such as a sign indicating when the kitchen is open or closed can also be useful.



	
Boredom list: Many children (and adults) wander into the kitchen when they are bored or distressed. Creating a visual list of alternatives for each of these scenarios can serve as a reminder of other things to do. Have children and parents work together to create a list of ideas they can engage in when bored and post it near the kitchen, at eye level. Including a mix of silly ideas (play a safe trick on mom, find as many triangles as you can and take photos) and productive ones (build a Lego castle, read a book, clean the bathroom) can make this more appealing for some children.



	
Remove the temptation: Since families are spending more time at home, removing the tempting and non-nutritious foods is often the simplest and most effective answer. If there are no sodas in the house, there will be no sodas to drink. Encourage families to decrease access to these foods by purchasing smaller portions/packages of high calorie, nutrient-poor foods or limiting them altogether.



	
Build activity into the day: Attending school and public outings/gatherings included built-in reasons to move from one space to the next. These natural opportunities to move the body can be built into a home-based day as well. Families can be encouraged to identify chores, errands, or other reasons to pair an existing requirement with movement or outdoor time. Building physical activity and movement into the day, as an expectation as natural as getting dressed or attending school, will make it more likely to happen.



	
Modeling, modeling, modeling: Research is clear that children are most likely to engage in long-term behaviors that are modeled by their caregivers (regardless of what was verbally taught). The important role of parent health behaviors cannot be overstated. Parents should be encouraged to join in and model any health behavior goals they have for their children. In this way, they can provide important company and motivation to engage in healthy behaviors, support problem solving by directly experiencing the challenges of health behaviors, and as noted, provide an example that is observable to the child.






Providers are also encouraged to stay informed about and support policies that enhance family access to basic needs such as food and housing access. Medical specialists are not trained about the importance of their roles in advocacy and policy work and, therefore, are often not engaged in these important processes. However, the clear intersections between medical health and psychosocial resources call for an increasingly engaged medical work force.




4. Conclusions


Families and providers are encouraged to “celebrate wins” and focus attention on the healthful behaviors rather than perseverating on what may not be going well. Emphasizing the maintenance of existing healthy habits may be particularly helpful for families experiencing significant financial or other pandemic-related stressors. As we emerge into a “new normal”, encouraging families to focus on concrete modifications may have more success. This might include focusing on the achievement of a specific goal such as trying a new low-calorie, nutrient-dense food that day, finding an affordable and healthy food option, drinking water rather than an alternative, or stepping away from the computer for five minutes to move. Increases in healthy behaviors are more likely when we are praised and rewarded for small successful efforts rather than chastised for failures. All of us may do well to increase our gratitude and praise toward ourselves and one another.







Author Contributions


Conceptualization, E.C., S.D.R., A.C., J.T. and K.R.; resources, E.C., S.D.R., A.C., J.T. and K.R.; writing—original draft preparation, E.C., S.D.R., A.C., J.T. and K.R.; writing—review and editing, E.C., S.D.R., A.C., J.T. and K.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Office of the Assistant Secretary for Planning and Evaluation; Jones, K. The Initial Impacts of COVID-19 on Children and Youth (Birth to 24 years): Literature Review in Brief; U.S. Dept of Health and Human Services: Washington, DC, USA, 2021; pp. 1–11.

	



Houghton, S.; Kyron, M.; Hunter, S.C.; Lawrence, D.; Hattie, J.; Carroll, A.; Zadow, C. Adolescents’ longitudinal trajectories of mental health and loneliness: The impact of COVID-19 school closures. J. Adolesc. 2022, 94, 191–205. [Google Scholar] [CrossRef] [PubMed]

	



Beck, A.L.; Huang, J.C.; Lendzion, L.; Fernandez, A.; Martinez, S. Weight Gain during the COVID-19 Pandemic in a High-Risk Cohort of Children in San Francisco, CA. Child. Obes. 2022, 18, 143–146. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Y.; Zhang, Q. Are American children and adolescents of low socioeconomic status at increased risk of obesity? Changes in the association between overweight and family income between 1971 and 2002. Am. J. Clin. Nutr. 2006, 84, 707–716. [Google Scholar] [CrossRef] [PubMed]

	



Singh, G.K.; Siahpush, M.; Kogan, M.D. Rising Social Inequalities in US Childhood Obesity, 2003–2007. Ann. Epidemiol. 2010, 20, 40–52. [Google Scholar] [CrossRef] [PubMed]

	



Tester, J.M.; Rosas, L.G.; Leung, C.W. Food Insecurity and Pediatric Obesity: A Double Whammy in the Era of COVID-19. Curr. Obes. Rep. 2020, 9, 442–450. [Google Scholar] [CrossRef]

	



Employment Situation Summary: Civilian Unemployment Rate; Bureau of Labor Statistics: Washington, DC, USA, 2021.

	



Parolin, Z.; Lee, E.K. Large socio-economic, geographic and demographic disparities exist in exposure to school closures. Nat. Hum. Behav. 2021, 5, 522–528. [Google Scholar] [CrossRef]

	



Blumenthal, D.; Fowler, E.J.; Abrams, M.; Collins, S.R. COVID-19—Implications for the Health Care System. N. Engl. J. Med. 2020, 383, 1483–1488. [Google Scholar] [CrossRef]

	



Jablonski, B.B.; Casnovsky, J.; Clark, J.K.; Cleary, R.; Feingold, B.; Freedman, D.; Gray, S.; Romeiko, X.; Olabisi, L.S.; Torres, M.; et al. Emergency Food Provision for Children and Families during the COVID-19 Pandemic: Examples from Five U.S. Cities. Appl. Econ. Perspect. Policy 2020, 43, 169–184. [Google Scholar] [CrossRef]

	



Johnson, K.G.; Sullivan, S.S.; Nti, A.; Rastegar, V.; Gurubhagavatula, I. The impact of the COVID-19 pandemic on sleep medicine practices. J. Clin. Sleep Med. 2021, 17, 79–87. [Google Scholar] [CrossRef]

	



Leyva, R.P.P.; Mengelkoch, S.; Gassen, J.; Ellis, B.J.; Russell, E.M.; Hill, S.E. Low socioeconomic status and eating in the absence of hunger in children aged 3–14. Appetite 2020, 154, 104755. [Google Scholar] [CrossRef]

	



Michels, N.; Sioen, I.; Boone, L.; Braet, C.; Vanaelst, B.; Huybrechts, I.; De Henauw, S. Longitudinal association between child stress and lifestyle. Health Psychol. 2015, 34, 40–50. [Google Scholar] [CrossRef] [PubMed]

	



Ang, D. The Effects of Police Violence on Inner-City Students. Q. J. Econ. 2020, 136, 115–168. [Google Scholar] [CrossRef]

	



Ares, G.; Bove, I.; Vidal, L.; Brunet, G.; Fuletti, D.; Arroyo, Á.; Blanc, M.V. The experience of social distancing for families with children and adolescents during the coronavirus (COVID-19) pandemic in Uruguay: Difficulties and opportunities. Child. Youth Serv. Rev. 2021, 121, 105906. [Google Scholar] [CrossRef] [PubMed]

	



Bickel, G.; Nord, M.; Price, C.; Hamilton, W.; Cook, J. Guide to Measuring Household Food Security, Revised 2000; U.S. Department of Agriculture—Food and Nutrition Service: Washington, DC, USA, 2000.

	



Carroll, N.; Sadowski, A.; Laila, A.; Hruska, V.; Nixon, M.; Ma, D.W.; Haines, J.J.; on behalf of the Guelph Family Health Study. The Impact of COVID-19 on Health Behavior, Stress, Financial and Food Security among Middle to High Income Canadian Families with Young Children. Nutrients 2020, 12, 2352. [Google Scholar] [CrossRef] [PubMed]

	



Blaine, R.E.; Kachurak, A.; Davison, K.K.; Klabunde, R.; Fisher, J.O. Food parenting and child snacking: A systematic review. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 146. [Google Scholar] [CrossRef] [PubMed]

	



Brocksmith, V.M.; Alradadi, R.S.; Chen, M.; Eugster, E.A. Baseline characteristics of gender dysphoric youth. J. Pediatric Endocrinol. Metab. JPEM 2018, 31, 1367–1369. [Google Scholar] [CrossRef]

	



Donagh, B. From Unnoticed to Invisible: The Impact of COVID-19 on Children and Young People Experiencing Domestic Violence and Abuse. Child Abus. Rev. 2020, 29, 387–391. [Google Scholar] [CrossRef]

	



Cohen, R.I.S.; Bosk, E.A. Vulnerable Youth and the COVID-19 Pandemic. Pediatrics 2020, 146, 780–798. [Google Scholar] [CrossRef]

	



Bereket, A.; Kiess, W.; Lustig, R.H.; Müller, H.L.; Goldstone, A.; Weiss, R.; Yavuz, Y.; Hochberg, Z. Hypothalamic obesity in children. Obes. Rev. 2012, 13, 780–798. [Google Scholar] [CrossRef]

	



Polfuss, M.; Dobson, C.; Sawin, K.J.; Klingbeil, C.G. The Influence of a Developmental Disability on the Child’s Weight-Related Behaviors: A Parent’s Perspective. J. Pediatr. Nurs. 2019, 47, 121–130. [Google Scholar] [CrossRef]

	



Foerste, T.; Sabin, M.; Reid, S.; Reddihough, D. Understanding the causes of obesity in children with trisomy 21: Hyperphagia vs physical inactivity. J. Intellect. Disabil. Res. 2016, 60, 856–864. [Google Scholar] [CrossRef] [PubMed]

	



Kayadjanian, N.; Vrana-Diaz, C.; Bohonowych, J.; Strong, T.V.; Morin, J.; Potvin, D.; Schwartz, L. Characteristics and relationship between hyperphagia, anxiety, behavioral challenges and caregiver burden in Prader-Willi syndrome. PLoS ONE 2021, 16, e0248739. [Google Scholar] [CrossRef] [PubMed]

	



Shivers, C.M.; Leonczyk, C.L.; Dykens, E.M. Life Satisfaction Among Mothers of Individuals with Prader-Willi Syndrome. J. Autism Dev. Disord. 2016, 46, 2126–2137. [Google Scholar] [CrossRef] [PubMed]

	



Bates, L.C.; Zieff, G.; Stanford, K.; Moore, J.B.; Kerr, Z.Y.; Hanson, E.D.; Barone Gibbs, B.; Kline, C.E.; Stoner, L. COVID-19 Impact on Behaviors across the 24-Hour Day in Children and Adolescents: Physical Activity, Sedentary Behavior, and Sleep. Children 2020, 7, 138. [Google Scholar] [CrossRef] [PubMed]

	



Yang, S.; Guo, B.; Ao, L.; Yang, C.; Zhang, L.; Zhou, J.; Jia, P. Obesity and activity patterns before and during COVID-19 lockdown among youths in China. Clin. Obes. 2020, 10, e12416. [Google Scholar] [CrossRef]

	



Screen Time and Children. 2020. Available online: https://www.aacap.org/AACAP/Families_and_Youth/Facts_for_Families/FFF-Guide/Children-And-Watching-TV-054.aspx (accessed on 7 April 2022).

	



Case, L.; Ross, S.; Yun, J. Physical activity guideline compliance among a national sample of children with various developmental disabilities. Disabil. Health J. 2019, 13, 100881. [Google Scholar] [CrossRef]

	



Methnani, J.; Amor, D.; Yousfi, N.; Bouslama, A.; Omezzine, A.; Bouhlel, E. Sedentary behavior, exercise and COVID-19: Immune and metabolic implications in obesity and its comorbidities. J. Sports Med. Phys. Fit. 2021, 61, 100881. [Google Scholar] [CrossRef]

	



Chaput, J.P. Does sleep restriction increase eating in the absence of hunger? Maybe! Am. J. Clin. Nutr. 2021, 114, 1270–1271. [Google Scholar] [CrossRef]

	



Duraccio, K.M.; Krietsch, K.N.; Chardon, M.L.; Van Dyk, T.R.; Beebe, D.W. Poor sleep and adolescent obesity risk: A narrative review of potential mechanisms. Adolesc. Health Med. Ther. 2019, 10, 117–130. [Google Scholar] [CrossRef]

	



Duraccio, K.M.; Whitacre, C.; Krietsch, K.N.; Zhang, N.; Summer, S.; Price, M.; Saelens, B.E.; Beebe, D.W. Losing sleep by staying up late leads adolescents to consume more carbohydrates and a higher glycemic load. Sleep 2022, 45, zsab269. [Google Scholar] [CrossRef]

	



Beebe, D.W.; Simon, S.; Summer, S.; Hemmer, S.; Strotman, D.; Dolan, L.M. Dietary Intake Following Experimentally Restricted Sleep in Adolescents. Sleep 2013, 36, 827–834. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, S.-J.; Wang, L.-L.; Yang, R.; Yang, X.-J.; Zhang, L.-G.; Guo, Z.-C.; Chen, J.-C.; Wang, J.-Q.; Chen, J.-X. Sleep problems among Chinese adolescents and young adults during the coronavirus-2019 pandemic. Sleep Med. 2020, 74, 39–47. [Google Scholar] [CrossRef] [PubMed]

	



Parekh, N.; Deierlein, A.L. Health behaviours during the coronavirus disease 2019 pandemic: Implications for obesity. Public Health Nutr. 2020, 23, 3121–3125. [Google Scholar] [CrossRef] [PubMed]

	



Ogden, C.L.; Lamb, M.M.; Carroll, M.D.; Flegal, K.M. Obesity and Socioeconomic Status in Children and Adolescents: United States, 2005–2008; NCHS Data Brief no 51; National Center for Health Statistics: Hyattsville, MD, USA, 2010.

	



Krishnan, V.; Gupta, R.; Grover, S.; Basu, A.; Tripathi, A.; Subramanyam, A.; Nischal, A.; Hussain, A.; Mehra, A.; Ambekar, A.; et al. Changes in sleep pattern and sleep quality during COVID-19 lockdown. Indian J. Psychiatry 2020, 62, 370–378. [Google Scholar] [CrossRef]

	



O’Hara, V.M.; Johnston, S.V.; Browne, N.T. The paediatric weight management office visit via telemedicine: Pre-to post-COVID-19 pandemic. Pediatric Obes. 2020, 15, e12694. [Google Scholar] [CrossRef] [PubMed]

	



Keeping Kids Active, Eating Healthy Hard for Parents during Pandemic. AAP News Parent Plus 2020. Available online: https://www.healthychildren.org/English/health-issues/conditions/COVID-19/Pages/Helping-Kids-Stay-Active-During-COVID-19.aspx (accessed on 7 April 2022).












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijerph-19-05597


  
    		
      ijerph-19-05597
    


  




  





