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Youth with Down syndrome (DS) have a higher prevalence of overweight and obesity compared to the general youth population. Due to physiological and cognitive differences observed in youth with DS, weight management recommendations developed for the general population, may not be suitable for youth with DS. However, there are no recent recommendations for weight management in youth with DS. A workgroup of clinicians and researchers with extensive experience working with youth with DS came together to give clinicians and families guidance for weight management in youth with DS. Recommendations were developed by the workgroup via a methodical, deliberative process. After the initial development of the recommendations, they were shared with an expert review panel and caregivers who rated the strength of the recommendation and strength of the evidence. The workgroup moved forward the recommendations which the review panels rated as strong. Eight recommendations were developed which focused on screening for overweight and obesity, screening for health conditions that may impact dietary intake and physical activity, screening for feeding difficulties, setting appropriate recommendations for dietary intake and physical activity, and well as prevention and treatment of overweight and obesity using evidence-based strategies. These recommendations can be implemented by clinicians working with youth with Down syndrome as well as the family, school, and other relevant entities.
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1. Introduction

Obesity is one of the most prevalent chronic conditions, nearly one out of every five (19.3%) youth in the US are obese according to recent national statistics (1). Obesity disproportionately affects minority populations and people living in low-income communities (1). Being obese during youth increases the risk of being obese during adulthood (2) and has both short-and long-term health consequences (3). Children with obesity are at increased risk for: cardiovascular conditions including high blood pressure and high cholesterol, metabolic dysregulation including impaired glucose tolerance and Type 2 diabetes, breathing complications including asthma and sleep apnea, gastroesophageal reflux, gallstones, joint pains, fatty liver disease, low self-reported quality of life, low self-esteem, mental health problems including depression and anxiety, difficulties with academic performance, and social problems including stigma and being bullied (4, 5). Obesity can also increase the risk of complications for infections like influenza and COVID-19 (6). Beyond the individual, obesity has substantial societal effects by increasing healthcare costs – the combined annual direct and indirect costs of obesity in the United States totaled over $147 billion in 2008 (7). Finding ways to improve obesity treatment and self-management is therefore imperative.

Down syndrome (DS) is a genetic condition caused by extra chromosome 21 material in all or some cells of the body (8). The prevalence of DS among children aged 0–4 years in the United States is about 12.7 per 10,000 (9). Youth with DS have high risks for cardiac, metabolic, musculoskeletal, endocrine, respiratory, neurologic, and mental health conditions (10, 11). As well as a higher prevalence of overweight and obesity compared to the general youth population (12–16) which may further contribute to health risks (17). A 2016 review by Bertapelli et al. (18) reported that the combined prevalence of overweight [body mass index (BMI)-for-age 85th–94.9th percentile] and obesity (BMI-for-age ≥95th percentile) varied between studies from 23%–70%. A 2021 report in 122 youth with DS living in the United States, estimated the prevalence of overweight and obesity in youth with DS was 49% (14) compared to 39% in the general youth population (19). The onset of obesity in children with DS occurs around 2 years of age (12, 16). BMI rankings remain stable until puberty (∼12 years of age) when there appears to be an increase (12, 16). The etiology of obesity in youth with DS is unclear (20), but Bertapelli et al. (18) suggest the increased rates of obesity are associated with both physiological factors, such as increased leptin, decreased resting energy expenditure (REE), hypotonia, DS associated comorbidities, and lifestyle factors such as an unhealthy diet, and low physical activity levels.

Overweight and obesity in individuals with DS may contribute to health risks commonly observed in DS (21, 22). Controlling and monitoring weight status in youth with DS may reduce health risks during the growing years and possibly in adulthood. Weight management recommendations have been developed for the general pediatric population (23) as well youth with Autism (24); however, these recommendations may not be appropriate for adolescents with DS. Youth with DS have unique needs and challenges that make them vulnerable to risk factors in the obesogenic environment not shared by those in the general population by virtue of their limited cognitive abilities (25). Youth with DS have limitations with reasoning, money management, memory, and decision making, and require assistance from parents/guardians to complete activities of daily life (26). Additionally, parents/guardians of youth with DS report high levels of stress (27, 28), and often neglect their own health as they prioritize the needs of their children (29, 30). Additionally, individuals with DS have physiological profiles that may contribute to obesity and could impact weight loss (e.g., hypotonia, decreased REE, increased leptin, cardiac chronotropic incompetence). Thus, the daily life experience of adolescents with DS and their families is vastly different from their typically developing peers. Qualitative data indicate that clinicians face uncertainties when providing weight management for youth with DS, and many report lack of resources on the topic. In 2010, Murray and Krause published Recommendations for Obesity Management in Children with Down Syndrome (31); however, the evidence base on this topic has significantly increased in the decade following this publication. Additionally, these recommendations were developed specifically for clinicians, and do not provide families with any guidance. The goal of this paper is to equip clinicians and caregivers with updated accessible state-of-the-science recommendations for behavioral weight loss and the prevention of excess weight gain in youth with DS.



2. Development of weight management recommendations

A workgroup of clinicians and researchers with extensive experience working with youth and adults with DS came together in 2021 to develop recommendations that offer guidance to clinicians and families for behavioral weight management in youth with Down syndrome. This workgroup consisted of 1 Doctor of Medicine, 2 Registered Dietitians, one who is an expert in weight management, 1 non-profit foundation scientist, and 1 physical activity specialist, all with at least 10 years of experience working with individuals with DS. Two of the workgroup members were primarily clinicians, 2 were primarily researchers, and 1 had about equally split roles as clinician and researcher.

The following recommendations were developed via a methodical, deliberative process. Workgroup members participated in monthly conference calls between May 2021 and April 2022. They reviewed relevant extant research that focused on obesity in youth with DS, weight management interventions for youth with DS, co-occurring conditions in DS that could impact dietary intake and physical activity, and weight management guidelines for typically developing youth. Clinical consensus was achieved iteratively; the workgroup held extensive discussions focused on developing guidance for clinicians and families considering the lack of evidence-based weight management or weight loss approaches developed specifically for youth with DS. The workgroup consulted with other clinicians who provided either general medical care or weight management for individuals with DS to review standard of care, best practices, and clarify practices that deviated from published literature. For example, the workgroup consulted a special needs weight management clinic, a DS medical clinic, and authors of key peer-reviewed publications.

Using peer-reviewed literature, data collected from external clinicians, and their own experiences working with youth with DS, the group initially developed 9 recommendations. These recommendations were then shared with an expert review panel, who are members of the Down Syndrome Medical Interest Group (US-DSMIG). Each member of the expert panel was asked to read each recommendation and give feedback on both the strength of the recommendation and strength of the evidence. We also conducted a focus group with the expert panel in which they provided additional feedback on aspects of the recommendations to refine, clarify and, in some cases, to expand upon. Recommendations which did not demonstrate strength of the recommendation and strength of the evidence were removed (n = 1). The remaining 8 recommendations were updated based on feedback from the expert panel (e.g., providing additional detail or modifying the language). The remaining recommendations were shared with two panels of caregivers who provided feedback on the clarity of the recommendations. The caregivers were also asked to comment on how feasible it would be to implement the recommendations based on their lived experiences. The recommendations were again modified based feedback from caregiver panel and included adding additional details about physical activity.



3. Recommendations


3.1. Recommendation #1. Youth with down syndrome should be screened routinely for overweight and obesity

For youth with DS under the age of 2, clinicians should monitor weight and follow weight-for-length trends at each health care visit. The infant's growth should be plotted on the Down syndrome-specific charts (32, 33) for weight, length, weight for length, and head circumference and reviewed with the family (34).

For youth with DS 2 years of age or older, weight and height should respectively be measured on a standard stadiometer and scale, ideally with the individual in a gown without shoes on and plotted on the Down syndrome-specific charts for weight and height. Universal calculation and classification of body mass index (BMI), calculated as weight (kg)/height(m)2, is recommended for routine visits, and at least annually starting at the age of 2 years (23). BMI is correlated with more direct measures of body fat, and BMI classification serves as the first step in assessment of obesity (23). Weight status classifications are based on BMI. For children in the United States, sex-specific BMI-for-age percentiles are calculated relative to the 2000 US Centers for Disease Control and Prevention (CDC) growth reference (35). The BMI can then be classified as underweight (<5th percentile), healthy weight (5th to <85th percentile), overweight (85th to <95th percentile), and obesity (≥95th percentile). Severe obesity is defined as a BMI ≥120% of the age- and sex-specific 95th percentile or an absolute BMI ≥35 kg/m2, whichever is lower (25, 36). Additionally, specialty growth charts are available for youth with DS (32); however, while the DS specific growth charts are useful in comparing youth with DS to their DS peers, they do not appear to provide better classification of weight status or health risk for youth with DS over the age of 10 compared to the standard CDC growth chart (33, 34). Thus, as recommended by the 2022 Health Supervision Guidelines for Children and Adolescents with Down Syndrome, BMI should be plotted on the DS-specific growth chart for youth up to age 10, and for children over the age of 10, BMI should be plotted on both the DS-specific growth chart and the CDC growth chart (34).

Given that youth with DS have altered body composition including a higher prevalence of central adiposity compared to youth without DS (37) and that the extent to which BMI captures excess body adiposity in youth with DS is not known (33), the use of BMI alone may not be accurate enough to detect excess adiposity in this population. Thus, waist circumference should be measured routinely and at least annually. Waist circumference should be measured at the midpoint between the lower margin of the least palpable rib and the top of the iliac crest, using a stretch-resistant tape that provides a constant 100 g tension (38). The waist circumference to height ratio should also be calculated – a weight circumference to height ratio of >0.5 indicates excess central adiposity and is associated with higher risk of metabolic syndrome (37, 39).



3.2. Recommendation #2: clinicians and families should be aware of health conditions and risk factors that are common in down syndrome and may impact the development of obesity

DS is associated with several health conditions that have independent associations with dietary intake and physical activity pattern of youth with DS (40), and may contribute to the development of obesity (18). Clinicians working with youth with DS should screen for and monitor these health conditions to aid in the prevention or treatment of obesity, and families should be aware of how these risk factors may influence diet or physical activity. Table 1 lists medical conditions associated with DS and the condition's potential impact on weight management.


TABLE 1 Health conditions and risk factors common in youth with Down syndrome that can impact weight control via either diet or physical activity.
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3.3. Recommendation #3: clinicians should screen for feeding difficulties in all youth with down syndrome

Feeding difficulties are common among infants, children, and adolescents with DS (41). Feeding difficulties, changes in feeding, or changes in respiratory symptoms with feeding should be reviewed during medical visits (34).

Early feeding difficulties can result in protein-calorie malnutrition or inadequate fluid intake, and may require increased calories, modified textures, modified consistency, or alternative methods of feeding to achieve adequate weight gain with minimal aspiration risk (41–43). Older children with DS may continue to have difficulty with hard textures, foods with multiple consistencies or those that require more chewing or sensory tolerance like raw vegetables, unpeeled fruit or less-processed cooked meats or fish (43).

Maladaptive mealtime behaviors can make weight management harder. Caregivers of youth with DS report high frequency of food selectivity, continued eating in the presence of food, swallowing without enough chewing, and eating (or drinking) large amounts of food (or caloric beverages) in short periods of time (43–45). Eating large amounts of food in a short period of time is a predictor of rapid weight gain and higher body fat in preschool-age children (46). Youth with DS should have early and continued access to support for developing and maintaining skills in functional chewing, food preparation, and self-feeding, with focus on less processed alternatives to ultra-processed foods.



3.4. Recommendation #4: clinicians should include assessments of dietary intake and physical activity at every visit

Collection of dietary intake and physical activity are essential for prescribing appropriate energy intake for both weight loss and maintenance, providing feedback to participants in weight management programs, describing changes over time, and determining the effectiveness of the program.

A typical approach is to obtain a dietary intake is to have a parent or caregiver record all foods and beverages consumed for the 3-days prior to the medical visit using a simple diet journal or a smart phone app such as Lose it! or MyFitnessPal. Clinicians can then review the food record to estimate the patients average daily caloric intake, macronutrient intake, and the quality of the diet (for example daily servings of fruits and vegetables). This information should be used to create individualized diet goals; for example, increasing fruit and vegetables intake from 3 to 4 servings per day, reducing the number of sugar sweetened beverages (juice, soda) consumed from 3 to 1 per day, reducing the consumption of fast food or highly processed foods to 1 time per week, or reducing overall energy (calorie) intake. Additionally, the dietary record can be used to identify food aversions and food selectivity, such as rejecting certain foods based on color or consuming only certain textures, which can lead to nutritional deficiencies (47).

Assessment of physical activity can be done with self-reported questionnaires when a patient comes into the clinic or having the youth with DS wear a physical activity tracker. There are pros and cons to each method. While the use of a questionnaires is easy, can be done in clinic, and is inexpensive, the accuracy of these questionaries in youth with DS is unknown. Youth are less likely to make accurate self-report assessments due to developmental differences, especially in the ability to perform detailed recall and understand concepts regarding physical activity duration and intensity (48). This may be amplified in youth with DS who may have difficulties with cognitive functioning, memory, and attention. Recently, the American Academy of Pediatrics opted to not recommend a specific physical activity assessment tool because of limitations to existing questionnaires (49).

Conversely, physical activity trackers have grown in popularity; these include simple pedometers as well as wrist-worn physical activity trackers. Pedometers provide step-counts as a quantity of physical activity and can often be purchased at a low-cost; however, pedometers do not provide information regarding time or intensity of physical activity, and it may be difficult to obtain long-term data as most pedometers can only store 1–7 days of activity. Recently, wrist-worn physical activity trackers have become popular. These devices often combine an accelerometer to measure minutes of physical activity and steps as well as a heart rate monitor to measure physical activity intensity. These devices often sync with an app on a smart phone so the user can see physical activity data, including daily minutes of physical activity, steps, resting heart rate, and heart rate during exercise. These data can then be shared with the medical team of youth with DS. However, these trackers can be costly, and the heart rate and intensity data provided by the devices may not be accurate as youth with DS have chronotropic incompetence (50) and increased heart rate variability (51).

The physical activity data obtained by either questionaries or devices should than be used to determine level of physical activity, set goals for increased activity, review barriers to physical activity for families, and provide feedback regarding change in physical activity since the last visit.



3.5. Recommendation #5. Clinicians and families should set appropriate recommendations for dietary intake

Determining nutrition and energy (calorie) requirements is challenging because these vary depending on the severity of intellectual disability, mobility status, age, medications, and feeding problems (52). When determining energy requirements, it is important to individualize the requirements based on all these considerations, as well as monitor the individual and make changes to the plan of care as needed. Predictive equations, that rely on the individual's height and/or weight, are often used to determine the energy needs of an individual. However, youth with DS may have a significantly lower resting metabolic rate and total daily energy expenditure relative to body size and composition (53, 54); thus, many predictive equations overestimate the energy requirements for adolescents with DS. Recent literature (55) demonstrates that the estimated energy requirement equations developed for children by the National Academy of Medicine, previously the Institute of Medicine (IOM) (56) provides the most accurate prediction of energy needs in youth with DS. The IOM equations include both an equation for general use (i.e., applied only to healthy weight participants) or overweight/obese specific equation (i.e., used for participants who were overweight or obese). Table 2 provides the difference predictive equations by sex and weight status.


TABLE 2 The Institutes of Medicine estimated energy requirement equations.
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Once resting energy expenditure calculated using the IOM equations are calculated, it needs to be multiplied by an activity factor to yield total daily energy needs. The clinician should choose the best activity factor for the youth with DS based on the physical activity assessment collected during screening.


	•For girls, use 1.1 for sedentary/non-active; 1.3 for active (3 or more days of vigorous activity of at least 20 min/day, OR 5 or more days of moderate-intensity activity or walking or at least 30 min/day); and 1.5 for very active (5 or more days of vigorous activity of at least 30 min/day, OR 5 or more days of moderate-intensity activity or walking or at least 60 min/day).

	•For boys, use 1.1 for sedentary/non-active; 1.25 for active; and 1.4 for very active.



This will yield the approximate daily calories needs for weight maintenance. If weight loss is a goal, 250–500 calories should be subtracted from the total to get approximate needs for weight loss.

Currently, there is no evidence demonstrating that the macronutrient (i.e., fat, protein, carbohydrates) needs of youth with DS are different than youth without DS. Thus, it is recommended to refer to the national dietary recommendations when providing dietary recommendations for youth with DS. The 2020–2025 Dietary Guidelines for Americans were published in December 2020 (57). These Guidelines expand previous versions that provided a roadmap for chronic disease prevention through adequate nutrition and address the role of the food environment, including access to ultra-processed foods and the ease of preparing and consuming them. Furthermore, the 2020–2025 Dietary Guidelines now stress the importance of maintaining healthy dietary patterns across the lifecycle. According to the 2020–2025 Dietary Guidelines, starting at age 2 years, youth should limit added sugars to less than 10% of calories and saturated fat to less than 10% of total daily calories. Added sugar and added fat tend to be sources of “empty calories,” leaving less space for more nutrient-dense foods. Additionally, calories from sugary drinks make it difficult to maintain a healthy meal pattern and weight (58). Younger children should avoid foods and drinks with added sugars. Water should be offered (not juice or juice drinks) for the whole family with introduction at 6 months or as directed by a medical team. There is not one menu to solve the challenge of healthy eating. A diversity of nutrient-dense ingredients and foods can support a healthy eating pattern. This is true for all youth including those with DS even with personal preferences and cultural traditions considered.



3.6. Recommendation #6. Clinicians and families should set appropriate recommendations for physical activity

When developing a physical activity program as a component weight control in youth with DS, health professionals should consider current recommendations. The U.S. Department of Health and Human Services launched the second edition of the Physical Activity Guidelines for Americans in 2018, affirming that physical activity improves a wide range of health outcomes including but not limited to weight status and body composition in youth aged 3–17 years (59). The guidelines are generally the same for youth with and without disabilities. Children aged 3–5 years should perform a variety of physical activities throughout the day and should engage in active play such sports and interactive activities involving running, jumping, climbing, and crawling, among others. It is also recommended that youth aged 6–17 years obtain ≥60 min of moderate-to-vigorous physical activity daily accumulated in bouts of different durations and should include vigorous physical activity, muscle-strengthening activity, and bone strengthening activity at least 3 days/week. The guidelines call for physical activities that are age-appropriate, enjoyable, and offer variety.

Most youth with DS across the lifespan do not meet recommendations for physical activity and have high levels of sedentary behavior (60–62). While youth with DS should be encouraged to meet the recommendations, this may not be immediately attainable for some youth with DS. Thus, physical activity programs must have gradual progression in frequency, duration, and total weekly amount of physical activity (59). Table 3 provides an example of a gradual exercise progression plan for youth aged 6–17 years which has been previously implemented in youth with DS (63). Most of the proposed amount of physical activity shown should involve moderate aerobic activity (e.g., brisk walking, hiking, and bicycle riding), but also include three times per week (a) vigorous aerobic activities (e.g., running and sports), (b) muscle-strengthening activities (e.g., resistance exercises using body weight), and (c) bone-strengthening activities (e.g., hopping, skipping, and jumping rope). Importantly, physical activities should be enjoyable. Enjoyment during physical activity may be achieved by affording youth with opportunities for engaging in preferred activities (e.g., if someone enjoys music, have dance parties with favorite songs), acquiring movement skills, interacting with others, and gaining positive feelings through movement, while avoiding pain, frustration, and an emphasis on competition (64, 65).


TABLE 3 Example of an exercise progression plan for youth with Down syndrome 6–17 years of age.
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Furthermore, parents and clinicians should be aware that the minimum recommended amount of physical activity is intended for attaining general health benefits, but they are not specific for weight loss in youth with obesity. However, physical activity is associated with increased cardiovascular fitness (66), muscular strength and endurance (67), and reduced risk of chronic disease (68) in youth with DS. These benefits are independent of its impact on weight, and any increases in physical activity or decrease in sedentary behaviors, such as screen time, may have health benefits (69, 70).

Prior to recommending physical activity programs, especially of vigorous intensities, health professionals should conduct an evaluation of current physical activity levels with signs and symptoms of cardiovascular, metabolic, and other health conditions. Based on this preparticipation screening, medical clearance may be required prior to starting the exercise program. It is also important for clinicians and families to address the barriers to physical activity youth with DS face and consider their physical activity preferences. Barriers within the person include acute health problems, low physical fitness levels, low motor skills, orthopedic anomalies, lack of energy, and boredom (60, 71, 72). Parental barriers include family structure (marital status, other siblings, etc.), lack of self-efficacy for encouraging activity in their adolescent, time constraints, lack of affordable/accessible transportation, and low rates of parental physical activity (73, 74). Environmental barriers include lack of accessible, inclusive, and adapted programs, limited assistance by professionals, negative attitudes towards people with DS, and limited friendships (60, 71, 72). Physical activity in youth with DS may be facilitated by health care professionals knowledgeable in designing programs, family members who understand their roles in modeling physical activity, and programs that are accessible, structured, adapted to the needs and abilities of youth with DS, and ones that promote social interactions and enjoyment (71, 73). Families should ensure their children wear well-fitting shoes with proper arch support to avoid complications of foot anomalies. Additionally, youth with DS, family members, and clinicians should be educated to recognize warnings of cardiac distress, such as palpitations, syncope, lightheadedness, and dyspnea. Commonly performed activities among individuals with DS are walking, dancing, swimming, bowling, and team sports, but there is variation in physical activity types around the world (60, 71, 72). Overcoming barriers and identifying facilitators and preferences of physical activity for youth with DS may increase the success of physical activity programs for weight control.



3.7. Recommendation #7. Clinicians should provide multi-component behavioral weight management treatment programs specific to the needs of youth with down syndrome and with overweight or obesity

Behavioral weight Management strategies for youth with DS are based on those for the general youth population. However, clinicians working with youth with DS must consider their specific needs and the needs of their families. The quality and quantity of data to base recommendations for effective weight management specifically for youth with DS is limited (25, 75–77). Most behavioral weight management interventions have been conducted in youth with intellectual and developmental disabilities and were comprised of physical activity alone (75–80), a combination of diet and physical activity (81), and multi-component interventions which included diet, physical activity, and behavioral/education strategies (25, 63, 82–88). This literature suggests that the most effective behavioral weight management interventions are multi-component interventions that include changes to diet and physical activity and behavioral strategies such as self-monitoring of diet and physical activity, mindfulness, and goal setting. Clinicians should provide guidance and direct families towards multi-disciplinary treatment programs when weight management is required to maintain health goals. It is important that this guidance be empathetic, inclusive, and honest to empower families to make informed decisions. The following are specific recommendations that should be considered when providing multi-component treatment programs for youth with DS.


3.7.1. Contact hours

The US Preventive Services Task Force Recommendation Statement on Screening for Obesity in Children and Adolescents recommends ≥26 contact hours over 12 months to improve weight status in typically developing children and adolescents (89). However, the cost and scalability of high contact programs may be limiting factors in the feasibility of this approach. A study in adolescents with intellectual disabilities (n = 110, 48% with DS, age 13–21 yrs) that included 30–45-minute individual sessions with participants and parents twice per month across 12 months, a total of ∼18 h across 12 months which is less than the ≥26 contact hours over 12 months, still resulted in weight loss (63). This suggests that intervention programs with fewer contact hours may still be effective for weight loss in youth with DS.



3.7.2. Delivery format

Limited evidence in typically developing children and adolescents with overweight/obesity suggests that weight loss achieved with tele-health behavioral interventions may be minimal (90) and that a combination of face-to-face and remotely delivered sessions may be required to elicit clinically relevant weight loss (91, 92). However, recent research in adolescents with intellectual and developmental disabilities including DS demonstrates that weight management can be successfully delivered in-person or by tele-health (45, 63, 74, 85). In a 2021 study, adolescents attended behavioral lifestyle sessions with a trained health educator every 2 weeks across a 6 month period (63). Participants enrolled in the in-person delivery arm met with a health educator during individual home-visits and self-monitoring of diet and physical activity was completed by participants using pencil and paper records. Participants in the tele-health arms met with a health educator remotely using FaceTime™ video conferencing and self-monitoring was completed using a web-based app for diet (Lose it!) an activity tracker for physical activity (Fitbit®). Results of the study found no differences in weight loss between the in-person or tele-health formats, suggesting that remote delivery is just as effective as face-to-face delivery. Additionally, tele-health may be useful in this population as it eliminates the need for parents to provide transportation to the intervention site and eliminates the time associated with travel.



3.7.3. Family-Based

Multiple studies in youth with DS involved a designated study helper who worked with the participant and engaged in the intervention themselves through attendance to meetings or sessions (25, 81–83, 85). Other studies were family-based trials (25, 82, 84, 87), which included significant parental involvement in family exercise, nutritional education sessions, as well as behavioral or motivational education sessions to assist with making healthier lifestyle changes at home. One study (25) compared an intensive 16-week educational approach that included nutrition and physical activity education with the same approach, but with increased parental support and training in 21 adolescents with DS. The rigorous parent training intervention guided parents to work with their adolescent son or daughter with DS to track diet and physical activity, set specific weekly goals for both, participate in a weekly phone call from the interventionist to track progress on both, report and discuss results with fellow parents and a behavioral therapist weekly, and receive feedback and reinforcement. Results of that study indicated that significant involvement of family members yields greater weight loss. A subsequent trial (86) examined the long term changes in weight after use of the increased parental support and training intervention in a sample of youth with intellectual disabilities (n = 24, 56% DS, age 14–22 yrs.) and included three 45-minute in-person group sessions per month (2–5 participants and parent) and one monthly 45-minute session with participants and parents separately during weight loss and 2 sessions per month during weight maintenance which alternated between 90-minute in-person group sessions (participants and parent) and 30-minute individual parent sessions, in a group setting. Participants who followed the intensive family-based program for 12 months had a mean weight loss of 6.1 kg, 6 months after ending the intervention, suggesting that the family-based approach is successful for both weight loss and long-term weight maintenance.

Research findings also indicate that family members significantly influence the physical activity levels of their children with DS. A recent cross-sectional review examined different intrapersonal, interpersonal, and environmental factors associated with device-measured physical activity in 92 adolescents with intellectual disabilities (55% DS, 11–21 years) and determined that the factor that most influenced physical activity levels of adolescents with intellectual disabilities was parental physical activity (93). Results suggest that for every 10 min of moderate to vigorous physical activity the parent performed, adolescents with intellectual disabilities achieved 6 min of moderate to vigorous physical activity. Notably, the correlation between parental physical activity and adolescent physical activity was higher in adolescents with DS compared to those with other intellectual disabilities. It should be noted that parents of youth with DS face emotional and physical challenges that exceed those of parents caring for typically developing adolescents. Thus, clinicians should assess family stressors and consider the family environment before making recommendations for family-based weight management treatments.



3.7.4. Dietary components

Nearly all the evidence for effective weight management interventions in youth with DS includes components that focus on healthy eating and physical activity. The specific dietary recommendations vary widely among studies, so no one unified approach has demonstrated superiority over another. Common components of successful diet interventions in youth with DS are: providing specific recommendation for the number of servings from each food group; encouraging foods with low energy density (e.g., fruits, vegetables, and lean meats) and limiting foods with high energy density (e.g., sweet and fried foods); avoiding dietary restriction; allowing individuals to have their favorite foods in moderation; and tracking dietary intake using simple pictorial displays (25, 52, 63, 84, 86). Additionally, portion-controlled meals have been shown to be effective for weight loss in youth with DS (63, 85). For example, portioned lunch boxes or single-serve containers that are a “just right” size for the individual can help families and caregivers support the routine of adequate nutrition at home. A dietitian can provide individualized assessment and provide guidance specific to any child or adolescent. Specific recommendations for portion sizes may vary from individual to individual based on physical activity level, age, gender, weight status, and height (as discussed earlier). This is one reason that healthy eating and physical activity promotion are effective partners in weight management. Table 4 provides some online resources that can help with the promotion of healthy eating specific to those with DS.


TABLE 4 Technology based tools for self-monitoring and online programs for the promotion of health eating and physical activity.
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3.7.5. Physical activity components

Increased physical activity in conjunction with a reduced energy diet and behavioral counseling to assist participants with adherence to the diet and moderate to vigorous physical activity, is an important part of current multicomponent weight loss recommendations (94). However, data on the changes in physical activity in youth with DS participating in weight management interventions are limited. General physical activity education strategies, such as providing individuals with weekly physical activity recommendations, providing education around physical activity, and encouraging self-monitoring of physical activity using physical activity trackers, have not demonstrated effectiveness in promoting change in physical activity (82, 95, 96). Conversely, educating parent/caregivers (25, 97), providing greater structure and implementing scheduled activities for exercise rather than leisure exercise (80), and participating in remote group exercise classes (98), have demonstrated some effectiveness in increasing physical activity levels of adolescents with DS. Table 4 provides some online resources for increasing physical activity specific to those with DS.



3.7.6. Multidisciplinary team

Youth with DS experience nutrition and medical challenges across their lifespan, such as increased risk of comorbidities, feeding/mealtime issues, and food insecurity, which may be further complicated by lack of insurance. Multidisciplinary teams which may include the primary care clinician/pediatrician, speech language pathologist, occupational therapist, physical therapist, therapeutic recreation specialist, and dietitian, are critical for long-term-care and effective weight management. For example, a weight management program that was delivered at a children's hospital and involved sessions with a child psychologist, nurse practitioner/pediatrician, dietitian, and an occupational therapist, yielded significant reductions in BMI z-score (0.02 units/month, p < 0.001) in 115 youth with intellectual disabilities (88).



3.7.7. Self-Monitoring of diet and physical activity

Self-monitoring of diet and physical activity has been shown to be associated with decreased weight in typically developing youth (99) and in youth with DS (100). Traditional methods of self-monitoring of dietary intake include written food diaries, and traditional methods of self-monitoring of physical activity include the use of pedometers and tracking steps. However, as stated previously, these methods may be not accurate in youth with DS. In the last decade, several technology-based tools have been developed for self-monitoring of diet and physical activity which may be more appropriate for youth with DS. In typically developing youth, technology based self-monitoring of diet and physical activity may be a more effective approach than traditional paper records (99, 101). In youth with DS, compliance with self-monitoring using technology vs. paper records has been shown to be similar (63). It is recommended that families of youth with DS self-monitor diet and physical activity at least once a week for general health, and daily when actively working to lose weight. Self-monitoring can be done in whatever method works best for each family, decreases burden of tracking, and is affordable. Table 4 presents a list of technology-based tools for self-monitoring of diet and physical activity.



3.7.8. Treatment limitations

There are many known limitations for families to access and participate in comprehensive, multi- component obesity treatment. These limitations include the lack of treatment programs and clinicians with experience in pediatric obesity treatment in youth with DS. Additionally, many families struggle with transportation issues, loss of school or work time, and caregiver burn-out. However, tele-health may help to increase the reach of many treatment programs as well as overcome barriers related to transportation and time. The following recommendation provides strategies that parents may be able to implement in the home.




3.8. Recommendation #8. Families should work to promote healthy eating and increased physical activity at home and school

The recommendations for healthy eating and increased physical activity in youth with DS are similar to those for youth without DS. As stated above, common components of weight management in youth with DS are: providing specific recommendation for the number of servings from each food group; encouraging foods with low energy density (e.g., fruits, vegetables, and lean meats) and limiting foods with high energy density (e.g., sweet and fried foods); avoiding dietary restriction; allowing individuals to have their favorite foods in moderation; and tracking dietary intake using simple pictorial displays (25, 63, 84–86). However, key factors for successful weight management in youth with DS is family involvement and family modeling (25). Table 5 provides specific strategies for families to consider in support of their children with DS adopting health-promoting behaviors. Of note, youth with DS will have individualized needs and goals; thus, working with a registered dietitian or multidisciplinary health care team could help caregivers prioritize and further individualize health goals and health promotion strategies for their family and child.


TABLE 5 Strategies for families to support their children with down syndrome to adopt health-promoting behaviors.

[image: Table 5]




4. Discussion

Youth with DS are at increased risk for obesity due to both behavioral and biologic reasons. While we await the results of additional research on the etiology of obesity and on evidence-based weight management practices in youth with DS, these recommendations can be implemented by clinicians working with youth with DS as well as the family, school, and other relevant entities. These recommendations should be revised and updated as additional evidence-based practices are developed. Table 6 provides a summary of all recommendations.


TABLE 6 Summary of weight management recommendations for youth with Down syndrome.

[image: Table 6]

There are several limitations to be considered when reviewing these recommendations. First, most interventions have been conducting in adolescents with DS and may not be effective in younger children who are more reliant on caregivers and who have unique considerations for growth. Next, the present recommendations are for behavioral weight management, thus, other obesity treatment options, such as pharmacotherapy and bariatric surgery, were not included in our recommendations and could be considered for weight management. Finally, we did not include recommendations for specific laboratory assessments to be included during clinical screening as these have been covered in detail in the Health Supervision for Children and Adolescents with Syndrome Guidelines (34).

The current recommendations highlight that weight management interventions for youth with DS are not drastically different than those for typically developing youth, clinicians should consider the unique characteristics of youth with DS, such as the increased prevalence of DS-related health conditions that may impact diet and physical activity, feeding difficulties, difficulty assessing dietary intake and physical activity, challenges and barriers for increased physical activity, and increased reliance on parents and caregivers who often experience increased stress. While youth with DS are at increased risk for obesity, recent findings demonstrate that weight management for this population is feasible with proper screening and intervention strategies. Clinicians and families should work together to determine what strategies works best for each person and their family.



Author contributions

All authors were workgroup members who participated in monthly conference calls reviewed, relevant extant research, developed the recommendations, and revised the recommendations. LP and SA drafted the initial manuscript. All authors contributed to the article and approved the submitted version.



Funding

This project is supported by the Health Resources and Services Administration (HRSA) of the U.S. Department of Health and Human Services (HHS) under cooperative agreement UT4MC41898, Healthy Weight Research Network (HWRN). The information, content and/or conclusions are those of the author and should not be construed as the official position or policy of, nor should any endorsements be inferred by HRSA, HHS or the U.S. Government.



Acknowledgments

We would like to acknowledge the members of the Down Syndrome Medical Interest Group's Healthy Lifestyles Committee and the caregivers of youth with Down syndrome who reviewed the recommendations provide in this manuscript. We would also like to acknowledge the LuMind IDSC Foundation who facilitated the meeting with the Down Syndrome Medical Interest Group's Healthy Lifestyles Committee. In addition, LuMind IDSC recruited the participants and facilitated the caregiver focus group meetings. In particular, the authors would like to thank Angela Britton, Kate O'Neil, and Hampus Hillerstrom of LuMind IDSC for their leadership and logistical support of this work.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The handling editor [CC] declared a past co-authorship with one of the authors [LP].



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Centers for Disease Control and Prevention. Childhood obesity facts (2021). Available at: https://www.cdc.gov/obesity/data/childhood.html (Accessed January 10, 2021).

2. Gordon-Larsen P, The NS, Adair LS. Longitudinal trends in obesity in the United States from adolescence to the third decade of life. Obesity (Silver Spring). (2010) 18(9):1801–4. doi: 10.1038/oby.2009.451

3. Dietz WH. Childhood weight affects adult morbidity and mortality. J Nutr. (1998) 128(2 Suppl):411S–4S. doi: 10.1093/jn/128.2.411S

4. Caprio S, Santoro N, Weiss R. Childhood obesity and the associated rise in cardiometabolic complications. Nat Metab. (2020) 2(3):223–32. doi: 10.1038/s42255-020-0183-z

5. Morales Camacho WJ, Molina Díaz JM, Plata Ortiz S, Plata Ortiz JE, Morales Camacho MA, Calderón BP. Childhood obesity: aetiology, comorbidities, and treatment. Diabetes/Metab Res Rev. (2019) 35(8):e3203. doi: 10.1002/dmrr.3203

6. Hanckova M, Betakova T. Pandemics of the 21st century: the risk factor for obese people. Viruses. (2021) 14(1):25. doi: 10.3390/v14010025

7. Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual medical spending attributable to obesity: payer-and service-specific estimates. Health Aff (Millwood). (2009) 28(5):w822–31. doi: 10.1377/hlthaff.28.5.w822

8. Roizen NJ, Patterson D. Down’s syndrome. Lancet. (2003) 361(9365):1281–9. doi: 10.1016/S0140-6736(03)12987-X

9. de Graaf G, Buckley F, Dever J, Skotko BG. Estimation of live birth and population prevalence of down syndrome in nine U.S. States. Am J Med Genet A. (2017) 173(10):2710–9. doi: 10.1002/ajmg.a.38402

10. Antonarakis SE, Skotko BG, Rafii MS, Strydom A, Pape SE, Bianchi DW, et al. Down syndrome. Nat Rev Dis Primers. (2020) 6(1):9. doi: 10.1038/s41572-019-0143-7

11. Bull MJ, Committee on Genetics. Health supervision for children with down syndrome. Pediatrics. (2011) 128(2):393–406. doi: 10.1542/peds.2011-1605

12. Basil JS, Santoro SL, Martin LJ, Healy KW, Chini BA, Saal HM. Retrospective study of obesity in children with down syndrome. J Pediatr. (2016) 173:143–8. doi: 10.1016/j.jpeds.2016.02.046

13. Hill DL, Parks EP, Zemel BS, Shults J, Stallings VA, Stettler N. Resting energy expenditure and adiposity accretion among children with down syndrome: a 3-year prospective study. Eur J Clin Nutr. (2013) 67(10):1087–91. doi: 10.1038/ejcn.2013.137

14. Ptomey LT, Walpitage DL, Mohseni M, Dreyer Gillette ML, Davis AM, Forseth B, et al. Weight status and associated comorbidities in children and adults with down syndrome, autism spectrum disorder and intellectual and developmental disabilities. J Intellect Disabil Res. (2020) 64(9):725–37. doi: 10.1111/jir.12767

15. Magge SN, O'Neill KL, Shults J, Stallings VA, Stettler N. Leptin levels among prepubertal children with down syndrome compared with their siblings. J Pediatr. (2008) 152(3):321–6. doi: 10.1016/j.jpeds.2007.08.008

16. Pierce M, Ramsey K, Pinter J. Trends in obesity and overweight in oregon children with down syndrome. Glob Pediatr Health. (2019) 6:2333794X19835640. doi: 10.1177/2333794X19835640

17. Kumar S, Kelly AS. Review of childhood obesity: from epidemiology, etiology, and comorbidities to clinical assessment and treatment. Mayo Clin Proc. (2017) 92(2):251–65. doi: 10.1016/j.mayocp.2016.09.017

18. Bertapelli F, Pitetti K, Agiovlasitis S, Guerra-Junior G. Overweight and obesity in children and adolescents with down syndrome—prevalence, determinants, consequences, and interventions: a literature review. Res Dev Disabil. (2016) 57:181–92. doi: 10.1016/j.ridd.2016.06.018

19. Fryar CD, Carroll MD, Ogden CL. Prevalence of overweight, obesity, and severe obesity among children and adolescents aged 2–19 years: United States, 1963–1965 through 2015–2016 (2018).

20. Moreau M, Benhaddou S, Dard R, Tolu S, Hamzé R, Vialard F, et al. Metabolic diseases and down syndrome: how are they linked together? Biomedicines. (2021) 9(2):221. doi: 10.3390/biomedicines9020221

21. Tsou AY, Bulova P, Capone G, Chicoine B, Gelaro B, Harville TO, et al. Medical care of adults with down syndrome: a clinical guideline. JAMA. (2020) 324(15):1543–56. doi: 10.1001/jama.2020.17024

22. Capone GT, Chicoine B, Bulova P, Stephens M, Hart S, Crissman B, et al. Co-occurring medical conditions in adults with down syndrome: a systematic review toward the development of health care guidelines. Am J Med Genet A. (2018) 176(1):116–33. doi: 10.1002/ajmg.a.38512

23. Barlow SE, Committee E. Expert committee recommendations regarding the prevention, assessment, and treatment of child and adolescent overweight and obesity: summary report. Pediatrics. (2007) 120(Supplement_4):S164–92. doi: 10.1542/peds.2007-2329C

24. Curtin C, Hyman SL, Boas DD, Hassink S, Broder-Fingert S, Ptomey LT, et al. Weight management in primary care for children with autism: expert recommendations. Pediatrics. (2020) 145(Supplement_1):S126–39. doi: 10.1542/peds.2019-1895P

25. Curtin C, Bandini LG, Must A, Gleason J, Lividini K, Phillips S, et al. Parent support improves weight loss in adolescents and young adults with down syndrome. J Pediatr. (2013) 163(5):1402–8 e1. doi: 10.1016/j.jpeds.2013.06.081

26. Hamilton S, Hankey CR, Miller S, Boyle S, Melville CA. A review of weight loss interventions for adults with intellectual disabilities. Obes Rev. (2007) 8(4):339–45. doi: 10.1111/j.1467-789X.2006.00307.x

27. Dyke P, Bourke J, Llewellyn G, Leonard H. The experiences of mothers of young adults with an intellectual disability transitioning from secondary school to adult life. J Intellect Dev Disabil. (2013) 38(2):149–62. doi: 10.3109/13668250.2013.789099

28. Young RA, Marshall SK, Stainton T, Wall JM, Curle D, Zhu M, et al. The transition to adulthood of young adults with IDD: parents’ joint projects. J Appl Res Intellect Disabil. (2018) 31(Suppl 2):224–33. doi: 10.1111/jar.12395

29. Magaña S, Li H, Miranda E, Paradiso de Sayu R. Improving health behaviours of Latina mothers of youths and adults with intellectual and developmental disabilities. J Intellect Disabil Res. (2015) 59(5):397–410. doi: 10.1111/jir.12139

30. Magaña S, Smith MJ. Health behaviors, service utilization, and access to care among older mothers of color who have children with developmental disabilities. Intellect Dev Disabil. (2008) 46(4):267–80. doi: 10.1352/1934-9556(2008)46[267:Hbsuaa]2.0.Co;2

31. Murray J, Ryan-Krause P. Obesity in children with Down syndrome: background and recommendations for management. Pediatr Nurs. (2010) 36(6):314–9. PMID: 21291048

32. Zemel BS, Pipan M, Stallings VA, Hall W, Schadt K, Freedman DS, et al. Growth charts for children with down syndrome in the United States. Pediatrics. (2015) 136(5):e1204-11. doi: 10.1542/peds.2015-1652

33. Hatch-Stein JA, Zemel BS, Prasad D, Kalkwarf HJ, Pipan M, Magge SN, et al. Body composition and BMI growth charts in children with down syndrome. Pediatrics. (2016) 138(4):e20160541. doi: 10.1542/peds.2016-0541

34. Bull MJ, Trotter T, Santoro SL, Christensen C, Grout RW, Council On G, et al. Health supervision for children and adolescents with down syndrome. Pediatrics. (2022) 149(5):e2022057010. doi: 10.1542/peds.2022-057010

35. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, et al. 2000 CDC growth charts for the United States: methods and development. Vital Health Stat. (2002) 11:1–190.

36. Kelly AS, Barlow SE, Rao G, Inge TH, Hayman LL, Steinberger J, et al. Severe obesity in children and adolescents: identification, associated health risks, and treatment approaches: a scientific statement from the American heart association. Circulation. (2013) 128(15):1689–712. doi: 10.1161/CIR.0b013e3182a5cfb3

37. Gonzalez-Aguero A, Ara I, Moreno LA, Vicente-Rodriguez G, Casajus JA. Fat and lean masses in youths with down syndrome: gender differences. Res Dev Disabil. (2011) 32(5):1685–93. doi: 10.1016/j.ridd.2011.02.023

38. World Health Organization. Waist circumference and waist-hip ratio: report of a WHO expert consultation (2011). Geneva, 8–11 December 2008.

39. Mokha JS, Srinivasan SR, Dasmahapatra P, Fernandez C, Chen W, Xu J, et al. Utility of waist-to-height ratio in assessing the status of central obesity and related cardiometabolic risk profile among normal weight and overweight/obese children: the bogalusa heart study. BMC Pediatr. (2010) 10:73. doi: 10.1186/1471-2431-10-73

40. Bull MJ. Down syndrome. N Engl J Med. (2020) 382(24):2344–52. doi: 10.1056/NEJMra1706537

41. Ravel A, Mircher C, Rebillat AS, Cieuta-Walti C, Megarbane A. Feeding problems and gastrointestinal diseases in down syndrome. Arch Pediatr. (2020) 27(1):53–60. doi: 10.1016/j.arcped.2019.11.008

42. Jackson A, Maybee J, Moran MK, Wolter-Warmerdam K, Hickey F. Clinical characteristics of dysphagia in children with down syndrome. Dysphagia. (2016) 31(5):663–71. doi: 10.1007/s00455-016-9725-7

43. Roccatello G, Cocchi G, Dimastromatteo RT, Cavallo A, Biserni GB, Selicati M, et al. Eating and lifestyle habits in youth with down syndrome attending a care program: an exploratory lesson for future improvements. Front Nutr. (2021) 8:641112. doi: 10.3389/fnut.2021.641112

44. Osaili TM, Attlee A, Naveed H, Maklai H, Mahmoud M, Hamadeh N, et al. Physical status and parent-child feeding behaviours in children and adolescents with down syndrome in the United Arab Emirates. Int J Environ Res Public Health. (2019) 16(13):2264. doi: 10.3390/ijerph16132264

45. Seiverling L, Williams KE, Hendy HM, Adams W, Yusupova S, Kaczor A. Sensory eating problems scale (SEPS) for children: psychometrics and associations with mealtime problems behaviors. Appetite. (2019) 133:223–30. doi: 10.1016/j.appet.2018.11.008

46. Berkowitz RI, Moore RH, Faith MS, Stallings VA, Kral TV, Stunkard AJ. Identification of an obese eating style in 4-year-old children born at high and low risk for obesity. Obesity (Silver Spring). (2010) 18(3):505–12. doi: 10.1038/oby.2009.299

47. Bandini LG, Curtin C, Eliasziw M, Phillips S, Jay L, Maslin M, et al. Food selectivity in a diverse sample of young children with and without intellectual disabilities. Appetite. (2019) 133:433–40. doi: 10.1016/j.appet.2018.11.016

48. Rangul V, Holmen TL, Kurtze N, Cuypers K, Midthjell K. Reliability and validity of two frequently used self-administered physical activity questionnaires in adolescents. BMC Med Res Methodol. (2008) 8:47. doi: 10.1186/1471-2288-8-47

49. Lobelo F, Muth ND, Hanson S, Nemeth BA, Council On Sports M, Fitness, Section On Obesity. Physical activity assessment and counseling in pediatric clinical settings. Pediatrics. (2020) 145(3):e20193992. doi: 10.1542/peds.2019-3992

50. Fernhall B, Mendonca GV, Baynard T. Reduced work capacity in individuals with down syndrome: a consequence of autonomic dysfunction? Exerc Sport Sci Rev. (2013) 41(3):138–47. doi: 10.1097/JES.0b013e318292f408

51. Baynard T, Pitetti KH, Guerra M, Fernhall B. Heart rate variability at rest and during exercise in persons with down syndrome. Arch Phys Med Rehabil. (2004) 85(8):1285–90. doi: 10.1016/j.apmr.2003.11.023

52. Ptomey LT, Wittenbrook W. Position of the academy of nutrition and dietetics: nutrition services for individuals with intellectual and developmental disabilities and special health care needs. J Acad Nutr Diet. (2015) 115(4):593–608. doi: 10.1016/j.jand.2015.02.002

53. Allison DB, Gomez JE, Heshka S, Babbitt RL, Geliebter A, Kreibich K, et al. Decreased resting metabolic rate among persons with down syndrome. Int J Obes Relat Metab Disord. (1995) 19(12):858–61. PMID: 8963352

54. Luke A, Roizen NJ, Sutton M, Schoeller DA. Energy expenditure in children with down syndrome: correcting metabolic rate for movement. J Pediatr. (1994) 125(5 Pt 1):829–38. doi: 10.1016/s0022-3476(94)70087-7

55. Helsel B, Shook R, Forseth B, Dreyer Gillette M, Polfuss M, Miller B, et al. Resting energy expenditure in adolescents with down syndrome: a comparison of commonly used predictive equations. J Intellect Disabil Res. (2022). doi: 10.1111/jir.12995. [Epub ahead of print]

56. Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. Washington, DC: The National Academies Press

57. Dietary Guidelines for Americans, 2020–2025 (2020).

58. Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened beverages and weight gain: a systematic review. Am J Clin Nutr. (2006) 84(2):274–88. doi: 10.1093/ajcn/84.1.274

59. Physical Activity Guidelines Advisory Committee. 2018 Physical Activity Guidelines Advisory Committee Scientific Report (2018). Available at: https://health.gov/paguidelines/second-edition/report/ (Accessed February 10, 2019).

60. Pitetti KH, Baynard T, Agiovlasitis S. Children and adolescents with down syndrome, physical fitness and physical activity. J Sport Health Sci. (2013) 2:47–57. doi: 10.1016/j.jshs.2012.10.004

61. Agiovlasitis S, Choi P, Allred AT, Xu J, Motl RW. Systematic review of sedentary behaviour in people with down syndrome across the lifespan: a clarion call. J Appl Res Intellect Disabil. (2020) 33(2):146–59. doi: 10.1111/jar.12659

62. Diaz KM. Physical activity and sedentary behavior among U.S. Children with and without down syndrome: the national survey of children’s health. Am J Intellect Dev Disabil. (2020) 125(3):230–42. doi: 10.1352/1944-7558-125.3.230

63. Ptomey LT, Washburn RA, Goetz JR, Sullivan DK, Gibson CA, Mayo MS, et al. Weight loss interventions for adolescents with intellectual disabilities: an RCT. Pediatrics. (2021) 148(3):e2021050261. doi: 10.1542/peds.2021-050261

64. Hopple CJ. Top 10 reasons why children find physical activity to be fun. Strategies. (2018) 31(3):4047. doi: 10.1080/08924562.2018.1442272

65. Hopple CJ. Top 10 reasons why children find physical activity to be “unfun”. Strategies. (2018) 31(3):32–9. doi: 10.1080/08924562.2018.1442273

66. Izquierdo-Gomez R, Martinez-Gomez D, Fernhall B, Sanz A, Veiga OL, UP&DOWN study group. The role of fatness on physical fitness in adolescents with and without down syndrome: the UP&DOWN study. Int J Obes (Lond). (2016) 40(1):22–7. doi: 10.1038/ijo.2015.164

67. Shields N, Taylor NF, Wee E, Wollersheim D, O'Shea SD, Fernhall B. A community-based strength training programme increases muscle strength and physical activity in young people with down syndrome: a randomised controlled trial. Res Dev Disabil. (2013) 34(12):4385–94. doi: 10.1016/j.ridd.2013.09.022

68. Wallen EF, Mullersdorf M, Christensson K, Marcus C. A school-based intervention associated with improvements in cardiometabolic risk profiles in young people with intellectual disabilities. J Intellect Disabil. (2013) 17(1):38–50. doi: 10.1177/1744629512472116

69. Reid Chassiakos YL, Radesky J, Christakis D, Moreno MA, Cross C, Council On C, et al. Children and adolescents and digital Media. Pediatrics (2016) 138(5):e20162593. doi: 10.1542/peds.2016-2593

70. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al. Systematic review of sedentary behaviour and health indicators in school-aged children and youth. Int J Behav Nutr Phys Act. (2011) 8:98. doi: 10.1186/1479-5868-8-98

71. Alesi M, Pepi A. Physical activity engagement in young people with down syndrome: investigating parental beliefs. J Appl Res Intellect Disabil. (2017) 30(1):71–83. doi: 10.1111/jar.12220

72. Barr M, Shields N. Identifying the barriers and facilitators to participation in physical activity for children with down syndrome. J Intellect Disabil Res. (2011) 55(11):1020–33. doi: 10.1111/j.1365-2788.2011.01425.x

73. McGarty AM, Melville CA. Parental perceptions of facilitators and barriers to physical activity for children with intellectual disabilities: a mixed methods systematic review. Res Dev Disabil. (2018) 73:40–57. doi: 10.1016/j.ridd.2017.12.007

74. Diaz KM. Physical inactivity among parents of children with and without down syndrome: the national health interview survey. J Intellect Disabil Res. (2020) 64(1):38–44. doi: 10.1111/jir.12680

75. Ulrich DA, Burghardt AR, Lloyd M, Tiernan C, Hornyak JE. Physical activity benefits of learning to ride a two-wheel bicycle for children with down syndrome: a randomized trial. Phys Ther. (2011) 91(10):1463–77. doi: 10.2522/ptj.20110061

76. Ordonez FJ, Rosety M, Rosety-Rodriguez M. Influence of 12-week exercise training on fat mass percentage in adolescents with down syndrome. Med Sci Monit. (2006) 12(10):CR416-9. PMID: 17006400

77. Suarez-Villadat B, Luna-Oliva L, Acebes C, Villagra A. The effect of swimming program on body composition levels in adolescents with down syndrome. Res Dev Disabil. (2020) 102:103643. doi: 10.1016/j.ridd.2020.103643

78. Pitetti KH, Rendoff AD, Grover T, Beets MW. The efficacy of a 9-month treadmill walking program on the exercise capacity and weight reduction for adolescents with severe autism. J Autism Dev Disord. (2007) 37(6):997–1006. doi: 10.1007/s10803-006-0238-3

79. Casey AF, Rasmussen R, Mackenzie SJ, Glenn J. Dual-energy x-ray absorptiometry to measure the influence of a 16-week community-based swim training program on body fat in children and adolescents with intellectual disabilities. Arch Phys Med Rehabil. (2010) 91(7):1064–9. doi: 10.1016/j.apmr.2010.04.006

80. Elmahgoub SS, Calders P, Lambers S, Stegen SM, Van Laethem C, Cambier DC. The effect of combined exercise training in adolescents who are overweight or obese with intellectual disability: the role of training frequency. J Strength Cond Res. (2011) 25(8):2274–82. doi: 10.1519/JSC.0b013e3181f11c41

81. An J, DuBose KD, Decker JT, Hatala LE. A school-based mentoring program developing healthy behaviors of adolescents with intellectual and developmental disabilities: a pilot feasibility study. Disabil Health J. (2019) 12(4):727–31. doi: 10.1016/j.dhjo.2019.03.012

82. Hinckson EA, Dickinson A, Water T, Sands M, Penman L. Physical activity, dietary habits and overall health in overweight and obese children and youth with intellectual disability or autism. Res Dev Disabil. (2013) 34(4):1170–8. doi: 10.1016/j.ridd.2012.12.006

83. Lee RL, Leung C, Chen H, Louie LHT, Brown M, Chen JL, et al. The impact of a school-based weight management program involving parents via mHealth for overweight and obese children and adolescents with intellectual disability: a randomized controlled trial. Int J Environ Res Public Health. (5 2017) 14(10):1178. doi: 10.3390/ijerph14101178

84. Myers RE, Karazsia BT, Kim E, Jackman MM, McPherson CL, Singh NN. A telehealth parent-mediated mindfulness-based health wellness intervention for adolescents and young adults with intellectual and developmental disabilities. Adv Neurodev Disord. (2018) 2(3):241–52. doi: 10.1007/s41252-018-0060-x

85. Ptomey LT, Sullivan DK, Lee J, Goetz JR, Gibson C, Donnelly JE. The use of technology for delivering a weight loss program for adolescents with intellectual and developmental disabilities. J Acad Nutrit Diet. (2015) 115(1):112–8. doi: 10.1016/j.jand.2014.08.031

86. Bandini LG, Eliasziw M, Dittrich GA, Curtin C, Maslin M, Must A, et al. A family-based weight loss randomized controlled trial for youth with intellectual disabilities. Pediatr Obes. (2021) 16(11):e12816. doi: 10.1111/ijpo.12816

87. Sanner CM, Neece CL, Herbozo S, Baum MF. A pilot study of enhanced operation fit: the feasibility of a camp-based health intervention for ethnically diverse families of children with intellectual and developmental disabilities. J Appl Res Intellect Disabil. (2021) 34(2):624–33. doi: 10.1111/jar.12832

88. Pona AA, Dreyer Gillette ML, Odar Stough C, Gerling JK, Sweeney BR. Long-Term outcomes of a multidisciplinary weight management intervention for youth with disabilities. Child Obes. (2017) 13(6):455–61. doi: 10.1089/chi.2016.0334

89. Grossman DC, Bibbins-Domingo K, Curry SJ, Barry MJ, Davidson KW, Doubeni CA, et al. Screening for obesity in children and adolescents: uS preventive services task force recommendation statement. JAMA. (2017) 317(23):2417–26. doi: 10.1001/jama.2017.6803

90. Moorman EL, Koskela-Staples NC, Mathai BB, Fedele DA, Janicke DM. Pediatric obesity treatment via telehealth: current evidence and future directions. Curr Obes Rep. (2021) 10(3):371–84. doi: 10.1007/s13679-021-00446-w

91. DeSilva S, Vaidya SS. The application of telemedicine to pediatric obesity: lessons from the past decade. Telemed J E Health. (2021) 27(2):159–66. doi: 10.1089/tmj.2019.0314

92. Whitley A, Yahia N. Efficacy of clinic-based telehealth vs. Face-to-face interventions for obesity treatment in children and adolescents in the United States and Canada: a systematic review. Child Obes. (2021) 17(5):299–310. doi: 10.1089/chi.2020.0347

93. Ptomey LT, Helsel BC, White DA, Lee J, Sherman JR, Washburn RA, et al. Intrapersonal, interpersonal and environmental correlates of moderate to vigorous physical activity and sedentary time in adolescents with intellectual and developmental disabilities. J Intellect Disabil Res. (2022) 66(6):503–16. doi: 10.1111/jir.12920

94. Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK, et al. American College of sports medicine position stand. Appropriate physical activity intervention strategies for weight loss and prevention of weight regain for adults. Med Sci Sports Exerc. (2009) 41(2):459–71. doi: 10.1249/MSS.0b013e3181949333

95. Gephart EF, Loman DG. Use of prevention and prevention plus weight management guidelines for youth with developmental disabilities living in group homes. J Pediatr Health Care. (2013) 27(2):98–108. doi: 10.1016/j.pedhc.2011.07.004

96. Ptomey LT, Lee J, White DA, Helsel BC, Washburn RA, Donnelly JE. Changes in physical activity across a 6-month weight loss intervention in adolescents with intellectual and developmental disabilities. J Intellect Disabil Res. (2022) 66(6):545–57. doi: 10.1111/jir.12909

97. McGarty AM, Downs SJ, Melville CA, Harris L. A systematic review and meta-analysis of interventions to increase physical activity in children and adolescents with intellectual disabilities. J Intellect Disabil Res. (2018) 62(4):312–29. doi: 10.1111/jir.12467

98. Ptomey LT, Willis EA, Greene JL, Danon JC, Chumley TK, Washburn RA, et al. The feasibility of group video conferencing for promotion of physical activity in adolescents with intellectual and developmental disabilities. Am J Intellect Dev Disabil. (2017) 122(6):525–38. doi: 10.1352/1944-7558-122.6.525

99. Darling KE, Sato AF. Systematic review and meta-analysis examining the effectiveness of Mobile health technologies in using self-monitoring for pediatric weight management. Child Obes. (2017) 13(5):347–55. doi: 10.1089/chi.2017.0038

100. Ptomey L, Washburn R, Goetz J, Gibson C, Mayo M, Krebill R, et al. A randomized trial comparing diet and delivery strategies for weight management in adolescents with intellectual disabilities. Pediatr Obes. (2023) 18(1):e12972. doi: 10.1111/ijpo.12972

101. Jimoh F, Lund EK, Harvey LJ, Frost C, Lay WJ, Roe MA, et al. Comparing diet and exercise monitoring using smartphone app and paper diary: a two-phase intervention study. JMIR Mhealth Uhealth. (2018) 6(1):e17. doi: 10.2196/mhealth.7702



OPS/images/fped-10-1064108-t003.jpg
Days/week Min/day Min/week






OPS/images/fped-10-1064108-t004.jpg
Tools for Self-Monitoring of Diet

PHYSICAL ACTIVITY

Tools for Self-Monitoring of Physical Activity

MyFitnessPal (app)

Fitbit Tracker

Lose it (app)

Garmin Vivofit Tracker

Apple Watch

Any Smart Phone

Ouline Tools for Promotion of Healthy Eating

Ouline Tools for Promotion of Physical Activity

The Accessible Chef: https://accessiblechef.com/

Special Olympics Fit 5:

d-adult-13/#

Gigi's Kitchen Online:

Special Olympics School of Strength: hitps://www.specialolympics.org/school-

of strength

MGH Down Syndrome Program: https:
patient-handouts

Gigi Fit Live Online Workouts: https:/gigisplayhouse.org/gigisathome/
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Medical condition

Sensory Input

Impact on weight management

Visual Impairment

+ Glaucoma, visual field defects, and keratoconus are discases of the eye that can limit
vision. Limited vision can impact feeding and participation in exercise and sports.

Oral and Digestive System

Dental Disease

Certain dental conditions including delayed tooth eruption and missing teeth
can make eating healthy foods more difficult.

Esophageal and Swallowing disorders

Esophageal disorders causing strictures along with other esophageal motility
disorders can lead to food avoidance and result in decreased cating due to
inability to properly swallow foods.

Intestinal obstruction, Hirschsprung

Disease, Congenital Duodenal Atresia

Intestinal disorders characterized by obstruction can cause loss of appetite
Children with a prior surgical repair of the intestinal tract, such as a repaired
congenital duodenal atresia, can develop a late-term complication called
intestinal strictures, which can decrease intestinal motility and may
consequently result in food avoidance.

Celiac Disease

Poorly controlled Celiac disease can cause inflammation of the cells lining the
intestinal tract, resulting in poor absorption of nutrients and inadequate calorie
absorption. Poorly controlled Celiac disease can also cause changes in bowel
habits including increased stooling frequency and diarrhea, which can cause
weight loss. Slight weight increases along with decreased appetite gain can also
be the result of abdominal bloating, another symptom of poorly controlled
Celiac disease.

Following a gluten-free diet may result in low intake of fiber, Vitamin D,
Vitamin B12, and folate.

Many gluten-free food alternatives (e.g, gluten free cookies) are high in
saturated fat, added sugar, and calories, promoting weight gain.

‘Thyroid Disease

Inadequately controlled hypothyroidism can result in changes in appetite and
weight changes. An under-functioning thyroid can cause fatigue and a
decreased desire 1o engage in physical activity.

Cardiovascular

Congenital heart disease

Uncorrected congenital heart disease can lead to decreased physical activity and
‘participation in sports due to fatigue with exertion.

Active congenital heart disease can lead to fluid retention presenting as weight
gain.

Acquired heart disease

Diseases of the heart valves can develop during childhood and adolescence that
may cause fatigue and a decreased desire to engage in physical activity.
Heart valve disease can cause fluid retention presenting as weight gain.

Moya-Moya Disease

Strokes associated with Moya-Moya disease can limit physical activity

Vaseular ring

+ Aberrant right subclavian artery can sometimes cause compression of the
esophagus, limiting solid food intake.

Pulmonary

Pneumonia and Bronchitis

Acute lung infections can cause systemic symptoms, including loss of appetite
and when severe can result in decreased physical activity capacity.

Obstructive Sleep Apnea

Inadequately controlled sleep apnea can result in daytime fatigue and a
decreased desire to engage in physical activity.

Inadequately controlled sleep apnea may result in a lower metabolism, which
can lead to weight gain.

Use of CPAP may also lead to slight weight gain by decreasing your basal
metabolic rate.

Hypotonia (Low Muscle Tone)

Poor muscle tone can make participating in exercise and sports difficult,
resulting in less physical activity.

Low muscle tone can result in a decreased metabolism with lower daily energy
requirements.

Arthritis (Joint Disease)

Asthritis and joint pain can limit physical activity.
Some classes of medications used to treat inflammatory type arthritides,
including steroids, can cause increased appetite as well as weight gain.

Joint stability and Posture

Loose ligaments (ligament laxity) and other causes of poor joint stability can
limit physical activity capaciy.

Poor or misaligned posture from flat feet and other common foot, ankle, and
hip conditions can cause pain that limits physical activity.

Osteoporosis

Low bone density is common in individuals with DS. Increased consumption of
foods rich in calcium and vitamin D, as well as regular weight bearing physical
activity can increase bone density and decrease the risk for bone fractures in
individuals with DS,

Atlanto-axial instability (AAT)

Some sports and activities are contraindicated in individuals with atlanto-axial
instability/subluxation.

Neurologic

Seizure disorder

Certain medications used to treat seizures can cause either loss of appetite or
weight gain.

Regression disorder in DS

A decrease in global activity results in decreased cating and decreased physical
activity.

Developmental Delay

Autism Spectrum Disorder can impact eating and physical activity levels.

Psychiatric

Mental Health (Anxiety, Obsessive
Compulsive Disease, Depression,
Schizophrenia)

Emotional eating can be seen with Anxiety and Depression which is often
sociated with increased caloric intake and consumption of unhealthy foods.

Depression can cause a decreased desire to engage in physical activity

Antipsychotic medications can cause increased appetite and weight gain.

Cancer

Leukemia, Testicular cancer

Cancer treatments can cause appetite loss and weakness resulting in decreased
‘physical activity levels
Steroid medications can lead to increased appetite and weight gain.
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Healthy weight male

Predictive Equation

79 - 342 xage + 730 x height + 15.3 x weight

Healthy weight female

322 = 26 x age + 504 X height + 11.6 x weight

Overweight/obese male

420 ~33.5 xage + 418.9 x height + 167 x weight

Overweight/obese female

516 — 26.8 _age + 347 x height + 12.4 x weight
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Promoting Healthy Eating

At Home:

Promoting Physical Activity

At Home:

Act as role models in eating healthy foods.

Build exercise into the weekly routine, and schedule when you will do it

Avoid using food as a reward.

Consider remote physical activity programs designed for youth with DS.

Involve children in planning meals, food shopping and cooking (if able).

Consider ways to be active as a family: dance to music, take walks/hike, play outside
games.

Introduce 1-2 new foods every week.

Consider involving the child in physical chores such as raking leaves or sweeping or
carrying groceries as a way to promote movement in a positive way: helping!

Include at least one safe food that the child likes in every meal.

Engage in and teach the family about active living - using the surrounding streets and
buildings to be active every day: walk to school and work, walk to stores and restaurants,
take the stairs, get off one stop early when using public transportation and walk the rest
of the way to the destination.

Avoid pressuring child to try the new foods

Get involved in Special Olympics or community-based physical activity groups

Don't stress f the child does not eat the food right away, it can take many attempts for
a child (o accept a new food.

At Childcare or School:

Limit energy dense foods such as sweets and chips to 1-2 times a week.

Explore ways to increase physical activity during the school day., e.g, movement breaks
as sensory accommodations and travel training as a way to practice independence and
improve tolerance for walking.

Offer a fruit or vegetable with every meal, including snacks.

Request PT/OT (physical therapy/occupational therapy) services to address readiness to
access the K-12 physical education (PE) curriculum in Early Intervention years and for
preschool IEP.

Portion snacks in advance.

Recommend that a physical education teacher be included on the child's IEP team and
include physical therapy and/or physical activity goals in the child’s IEP that support
them accessing the K-12 physical education (PE) curriculum

Offer water instead of sugar-sweetened beverages (Soda, juice, chocolate milk)

Request an assessment for adaptive physical education (APE) services if a child is not
successful in the general PE program.

Use positive language when talking about food or body weight.

Be sure recess is not limited or taken away as a punishment or to provide services.

Eat meals together as a family.

Remove screens (TVs, tablets, and phones) when eating.

Offer the child choices at each meal (Do you want blueberries or strawberries with
dinner?)

Consider modifying the texture of foods that align with the child's texture preferences
and swallowing abilites.

At Childcare or School:

Review monthly school menus and pack a lunch/snack if needed. Pack water or
flavored water instead of juices for Junch/snack.

Include healthy eating goals and alternatives to food rewards in Individual Education
Plan (IEP) and Transition Plans. For example, request food not be given as a reward in
school settings.

Develop behavior plans that do not use food as a reward. Document specific
alternatives to food-based rewards.
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Recommendation 1: Youth with Down syndrome should be screened routinely for overweight and obesity.

Children with Down syndrome should be screened annually for overweight and obesity. Weight and height should be measured on a standard stadiometer and scale, ideally with the
individual in a gown without shoes on.

BMI should be plotted on the Down syndrome-specific growth chart for youth up to age 10, and for children over the age of 10, BMI should be plotted on both the Down syndrome
-specific growth chart and the CDC growth chart.

Recommendation 2: Clinicians and families should be aware of health conditions and risk factors that are common in Down syndrome and may impact the development of
obesity.

Down syndrome is associated with several health conditions that have independent associations with dietary intake and physical activity pattern of youth with Down syndrome.

Clinicians working with youth with Down syndrome should screen for and monitor these health conditions to aid in the prevention or treatment of obesity, and families should be
aware of how these risk factors may influence diet or physical activity

Recommendation 3: Clinicians should screen for feeding difficulties in all youth with Down syndrome.

Feeding difficulties are common among infants, children, and adolescents with Down syndrome.

Feeding difficulties, changes

feeding, or changes in respiratory symptoms with feeding should be reviewed during medical visits

Recommendation 4: Clinicians should include assessments of dietary intake and physical activity at every visit.

Collection of dietary intake and physical activity are essential for prescribing appropriate energy intake for both weight loss and maintenance, providing feedback to participants in
weight management programs, describing changes over time, and determining the effectiveness of the program.

Assessment of dietary intake can be done by having a parent or caregiver record all foods and beverages consumed for 3-days prior to the medical visit using a simple diet journal or
a smart phone app such as Lose it! or MyFitnessPal

Assessment of physical activity can be done with self-reported questionnaires when a patient comes into the clinic or having the youth with DS wear a physical activity tracker.

Recommendation 5: Clinicians and families should set appropriate recommendations for dietary intake.

Youth with Down syndrome may have a significantly lower resting metabolic rate and total daily energy expenditure relative to body size and composition.

The estimated energy requirement equations developed for children by the National Academy of Medicine, previously the Insttute of Medicine, provides the most accurate
prediction of energy needs in youth with Down syndrome.

‘The macronutrient (i, fat, protein, carbohydrates) needs of youth with Down syndrome are not different than youth without DS. Thus, it is recommended to refer to the national
dietary recommendations when providing dietary recommendations for youth with Down syndrome.

Recommendation 6: Clinicians and families should set appropriate recommendations for physical activity.

‘When selting goals for physical activity clinicians should consider current youth recommendations but take into consideration youths with Down syndrome current activity levels,
sedentary time, cardi health, and parental, and envi barriers to physical activity.

Physical activity programs should be enjoyable, accessible, structured, adapted to the needs and abilties of youth with Down syndrome, and should promote social interactions.

Recommendation 7: Clinicians should provide multi-comp behavioral weight specific to the needs of youth with Down syndrome and
with overweight or obesity.

‘The US Preventive Services Task Force Recommendation Statement on Screening for Obesity in Children and Adolescents recommends > 26 contact hours over 12 months to
improve weight status in typically developing children and adolescents. However, intervention programs with fewer contact hours may still be effective for weight management in
youth with DS

‘Weight management can be provided to youth with DS using either face-to-face del
programs as well as overcome barriers related to transportation and time.

very or tele-health. However, tele-health may help to increase the reach of many treatment

Interventions should be family based; however, clinicians should assess family stressors and consider the family environment before making recommendations for family-based
weight management treatments.

Common components of successful diet interventions in youth with Down syndrome are:

Providing specific recommendation for the number of servings from each food group

Encouraging foods with low energy density (e.g. fruits, vegetables, and lean meats) and limiting foods with high energy density (e.g. sweet and fried foods)

Allowing individuals to have their favorite foods in moderation

Use of simple pictorial displays

Use of portion-controlled meals

Physical activity promotion efforts need to go beyond just recommending increased physical activity and should include structure exercise and increased parent involvement.

Multidisciplinary teams which may include the primary care clinician/pediatrician, speech language pathologist, occupational therapist, physical therapist, therapeutic recreation
specialist, and dietitian, are critical for long and effective weight

Families of youth with Down syndrome should self-monitor diet and physical activity at least once a week for general health, and daily when actively working to lose weight. Self
monitoring can be done in whatever method works best for each family.

Recommendation 8: Families should work to promote healthy eating and increased physical activity at home and school.

The recommendations for healthy eating and increased physical activity in youth with DS are similar to those for youth without DS.

Parents and caregivers should:

Act as role models in eating healthy foods.

Avoid using food as a reward.

Involve children in planning meals, food shopping, and cooking (if able).

Introduce 1-2 new foods every week and include at least one safe food the child likes in every meal

Avoid pressuring child to try the new foods.

Limit energy dense foods such as sweets and chips to 1-2 times a week.

Offer a fruit or vegetable with every meal, including snacks.

Offer water instead of sugar-sweetened beverages (Soda, juice, chocolate milk)

Use positive language when talking about food or body weight.

Build exercise into the weekly routine

Consider remote physical activity programs designed for people with Down syndrome.

Consider ways to be active as a family: dance, take walks or hike, play outside.

Involve the child in physical chores such as raking leaves or sweeping.

Get involved in Special Olympics, team, community-based, or school sports.

Be sure to include physical education and physical activity goals in the child’s IEP.
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